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Abstract: The paper aims to examine how researchers have operationalized social impact assessment
in construction projects over the last ten years. A systematic review was used to investigate case
studies in the Social Life-Cycle Assessment (S-LCA) to analyze the application of the methodology. In
total, 19 articles published between 2012 and 2023 were classified according to their scope, functional
unit measure, S-LCA indicators used, and the main challenges. Our findings revealed limitations
in both qualitative and quantitative aspects of measuring social indicators, primarily stemming
from difficulties associated with scoring and assessment methodologies. Additionally, we observed
deficiencies in social data within the S-LCA framework. This suggests that potential social impacts
may be inadequately addressed and evaluated due to various challenges that have been highlighted
in the existing literature.

Keywords: S-LCA; social impacts; literature review; challenges; operationalization

1. Introduction

The construction industry is one of the major industries in any national economy,
regardless of its level of development (Ilhan and Yobas, 2019 [1]). It is responsible for sub-
stantial material and resource consumption and its impact on climate change (Balasbaneh
et al., 2018 [2]). In 2018, the building and construction sectors were responsible for 40%
of global greenhouse gas emissions (Larsen et al., 2022 [3]), and 36% of final energy use
contributed to climate change effects and negatively impacted health (UNEP, 2019 [4]).
With a lack of consideration for waste management and waste reduction in the early phases
of projects, there tends to be waste generated by construction and demolition through the
life cycle of buildings (Esa et al., 2017 [5]), with a remarkable impact of 50% at the end of
the life of a project (Kibert, 2016 [6]). It also has a reputation for its high consumption rate
of natural resources, which generates between two and three billion tonnes of building
waste per year (Jain, 2021 [7]).

Fortunately, the construction sector has started to adopt life-cycle assessments (LCA)
to conduct environmental assessments. On the other hand, Social Life-Cycle Assessment
(S-LCA) has not gained as much popularity despite being recognized as key in designing
processes and sustainable products (Vitorio and Kripka, 2021 [8]). S-LCA is a methodology
to assess the social impacts of products and services throughout their life cycle, from raw
resource extraction to their final disposal. It is based on the UNEP/SETAC guidelines
(UNEP, 2020 [9]). While LCA involves material, energy, and economic flows in production
and consumption that impact stakeholders, S-LCA provides a systematic assessment frame-
work combining quantitative and qualitative data to support social and socio-economic
decision-making (UNEP, 2020 [9]). S-LCA comprises four phases: goal and scope definition,
inventory analysis, impact assessment, and interpretation (Ramirez et al., 2014 [10]). It
includes these steps: characterization, normalization, and weighting. According to Dong
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et al. (2016) [11], characterization is converting social information into interpretable indica-
tors that reflect a list of impacts; normalization is rescaling the characterization results into
a comparable range; and weighting is modifying the normalization results according to
the importance of subcategories. The two strengths of the S-LCA are (1) its focus on the
product and (2) the definition of social impacts, which encompasses a company’s behavior
and socioeconomic perspective (Zamagni et al., 2011 [12]).

However, little research focuses on S-LCA in the construction industry. Larsen et al.
(2022 [3]) said that S-LCA is neither considered nor applied in the building industry to
evaluate the impact of construction and refurbishing buildings on the social aspect. How-
ever, social value should be considered in the construction industry, as social value tends
to increase or improve the social image of stakeholders (Daniel and Pasquire, 2019 [13]).
Considering current challenges, there is a need to enhance social indicators within the
building sector. While specific solutions have been identified with commendable social
characteristics, it is crucial to acknowledge that studies might overlook the social advan-
tages inherent in these solutions (Ostermeyer et al., 2013 [14]). Most research focuses
on technology and neglects social and human needs (Fan et al., 2018 [15]). Tokede et
Traverso (2020 [16]) pointed out that the challenge with S-LCA is defining wellbeing, which
should provide a holistic understanding of the human condition and aspirations. It is
worth noting that most studies in this field rely on qualitative and semi-qualitative data,
which can present challenges when attempting to draw definitive conclusions from the
obtained results. (Huertas-Valdivia et al., 2020 [17]). On the other hand, concerns revolve
around the methodological operationalization and measurability of social indicators, which
pose limitations on data gathering and stakeholder identification (Tokede and Traverso,
2020 [16]). Though the social aspect is important, no standardized methodologies exist for
S-LCA (Larsen et al., 2022 [3]).

In this sense, this paper analyzes how the literature addresses the operationalization of
S-LCA in the construction industry by assessing to what extent Social Life-Cycle Assessment
has been reported in case studies in the last decade.

This paper tries to answer the following questions:

RQ1—What is the scope of the S-LCA case studies?

RQ2—What is the functional unit measure studied in the case studies?

RQ3—What is the nature of the S-LCA indicators used in the selected case studies?
RQ4—What are the main challenges of Social Life-Cycle Assessment in the literature in
case studies presented in the construction industry?

The paper’s structure is organized as follows: Section 2 serves as the methodological
section, encompassing descriptions of data selection, the research protocol overview, the
classification framework, and four key research questions. Section 3 delves into the presen-
tation of our literature review findings, while Section 4 is dedicated to the discussion of
these results. Finally, the paper reaches its conclusion in Section 5.

2. Methodology

This paper seeks to understand to what extent the operationalization of S-LCA has
been reported by researchers in the literature. To do so, this research assessed articles
published during the last ten years (2012-2023), focusing on case studies in the construc-
tion industry.

The research methodology in this literature review includes (1) the data collection
protocol and (2) the classification of selected papers. Each part is described in detail in the
following subsections.

2.1. Data Collection and Research Screening Overview

The search was based on bibliographic databases and electronic libraries such as Web
of Science and Google Scholar. Web of Science was used as it has selective, balanced,
and complete coverage of the world’s leading research, covering around 34,000 journals
(Birkle et al., 2020 [18]). On the other hand, Google Scholar was used as well, and it
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provides an instant method to build on a digital snowball to retrieve literature (Zientek
etal., 2018 [19]). A systematic literature protocol was used to evaluate our findings. From
these, four research questions were defined to pursue our research. To analyze the S-LCA
literature, the inclusion criteria were as follows in Table 1: (a) the period was set between
2012 and 2023, inclusive, and focused on literature written in English; (b) documents were
limited to journal articles; and (c) early access articles that had a focus on case studies of
S-LCA in the construction industry were also included. Additional articles were added to
our article.

Table 1. Inclusion criteria.

Inclusion Criteria

Studies published between 2012 and 2023

Articles addressing social impacts

Articles presenting case studies

Articles focusing on the construction industry

The following search strings and keyword combinations of terminologies and ab-
breviations were used: (“SLCIA” OR “Social life cycle impact assessment” OR “SLCA”
OR “S-LCA” OR “Social life-cycle assessment” OR “Social LCA” (Topic) AND (“construc-
tion” OR “building” OR “AEC”) (Topic) AND (“case studies” OR “case study” OR “use
case”) (Topic) AND between 2012 and 2023 (Publication Years) AND Article (Document
Types) and Article (Document Types) AND Article or Early Access (Document Types) AND
English (Languages).

The first screening of databases resulted in 32 publications and contained scientific
publications (peer-reviewed journal articles). To ensure that the articles mentioned both case
studies and S-LCA and the construction industry for the literature portfolio, all abstracts
screened through Endnotes 20 and 19 were proven irrelevant based on the inclusion
and exclusion criteria. After we screened out the articles, 13 were removed as 9 were
not in the construction industry, and 4 were not on social assessment, leaving us with
19 relevant articles.

Figure 1 summarizes the research screening process and the criteria for classifying the
articles. The following section describes the classification framework used to analyze the
selected papers.

| CRITERIA SPECIFICATION OF CASE STUDIES |

SOURCE

| SEARCH 1 : Web of Science |

("SLCIA" OR "Social life cycle impact
assessment” OR "SLCA" OR "S-LCA" OR
"Social life-cycle assessment” OR "Social
LCA” AND ("construction" OR "building" OR
"AEC") AND ("case studies" OR "case study" OR
"use case")

TOPIC

| DATED BETWEEN “ 2012 - 2023" |

YEAR

RESULTS OF SEARCH | 32 ARTICLES |
SCREENING 13 ARTICLES OUT OF SCOPE (9 OUT OF

CONSTRUCTION INDUSTRY, 4 NOT ON SOCIAL)
SELECTED ARTICLES 19 ARTICLES

iy 11

Figure 1. Research screening process.
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2.2. Classification Framework

To classify our paper, we first categorized our articles according to their location, type
of infrastructure, model, and the stakeholders involved. The location is the country where
the research has been performed and studied. It is prescriptive and helps to understand if
the results are biased and influenced because of their location in a specific part of the world.
The type of infrastructure determines if it is a building, a part of the building, or a particular
model. The actors involved help identify the types of stakeholders/individuals involved.

A specific classification scheme was then developed to answer each research question,
as described in the following subsections.

2.2.1. Scope

A scope’s objective is to identify and “define the object of the study and to delimit
the assessment” (Jergensen et al., 2008 [20]). According to the UNEP (2020 [9]) Guidelines,
some elements are included or excluded depending on the study’s goal. In those, we
shall find (1) the definition of the object of the study (product, function, or service), the
number of materials needed to produce the product or output, and the steps, activities,
and organizations to comply with the functional unit; (2) the identification of parts of
the production system in the assessment (the system boundaries); (3) the variable(s) to
determine the importance of different activities in the product system; the stakeholders
included and affected (workers, value chain actors, society, consumers, government, con-
struction enterprises, real estate developments, community); the type of impact assessment
method, and impact categories and /or subcategories included; the data collection strategies
(inventory indicators, data type, and data collection) and data quality requirements.

To answer this question, we looked at the scope of the study presented in each article.
Moreover, four elements’ criteria were used: (a) the type of construction (building, route,
etc.), (b) the scope of infrastructure studied (entire building or parts of buildings), (c) the
type of case studies (single or multiple case studies), (d) the organizational type (public
or private), and (e) the type of stakeholders involved (workers, local community, society,
consumers, value chain actors).

2.2.2. Functional Unit and System Boundary

Functional units are the “quantified performance of a product system for use as a
reference unit in a Life-Cycle Assessment study “(UNEP, 2009 [21]). Its purpose is to
provide a reference to the relationship between inputs and outputs (Tokede and Traverso,
2020 [16]). It is a critical issue in S-LCA as it is difficult to identify (Fan et al., 2018 [15]).
However, it needs to be consistent with the goal and scope of the study (UNEP, 2020 [9]) in
which it is involved.

The system boundary “determines parts of the product system that will be included
in the system assessed” (UNEP, 2020 [9]). They are defined according to the life cycle
stages from upstream processes (i.e., resource use, purchase of goods, and services) to
downstream processes (i.e., distribution use and end-of-life products). According to the
guidelines (UNEP, 2020 [9]), it is defined as (a) the full life cycle of products and services
(cradle-to-grave; from resource extraction to end-of-life); (b) the supply chain of the product
(cradle-to-gate; exclude use phase and end-of-life); and (c) parts of the life cycle (gate-to-gate
or gate-to-grave).

To answer this question, we separated the functional units for S-LCA, the boundary
(cradle to grave or cradle to gate), and the functional units used for LCA.

2.2.3. S-LCA Indicators

Social indicators can be described as “evidence, subjective or objective, qualitative,
quantitative, or semi-quantitative, being collected to facilitate concise, comprehensive, and
balanced judgments about the condition of specific social aspects concerning a set of values
and goals” (UNEP, 2020 [9]). It includes (a) approaches such as impact pathways (mentioned
in Question 3), (b) social topics as stakeholders and impact categories, (c) characterization
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models and types of impact pathways used for assessment, and (d) the weighting approach
(UNEP, 2020 [9]).

The character of assessment for social indicators is divided into three types: (a) quali-
tative, which is nominative and will use words (description); (b) quantitative, which will
use a numerical description of the issue (physical units); and (c) semi-qualitative, which
will have results expressed in a yes/no form or a scale (scoring system) (UNEP, 2020 [9]).

UNEP (2009) [21] defines the impact pathways as “social LCI results and/or social
impact categories” and the impact categories as “logical groupings of S-LCA results related
to social issues of interest to stakeholders and decision-makers”. The impact pathway
is an important part, as it provides an assessment framework. With the identification of
indicators, it will give a better assessment of impacts throughout the life cycle (Tokede et
Traverso, 2020 [16]). It can be qualitative, which will cover social topics and categories, or
quantitative, which will focus on measurable numbers and targets (UNEP, 2020 [9]). It is
referred to as a cause-and-effect relationship between the midpoint and endpoint (Jergensen
et al., 2008 [20]). The midpoint is the parameters in the social mechanism network (UNEP,
2020 [9]). The endpoint is the determined damage levels (UNEP, 2020 [9]). The impact is
mostly linked to the midpoint and endpoint impact pathways. The impact categories cover
specific social issues of interest to stakeholders and decision-makers. They can be grouped
as subcategories results (UNEP, 2020 [9]). It is separated between additive and descriptive
according to the criteria of their functional units in the case studies.

To answer this question, we looked at the stakeholder categories and their impact
categories linked to their activities, the social indicators, the character of the assessment
process through impact pathways, impact effects, and impact and stakeholder categories.
The impact categories are linked to an indicator, and the indicator is a way to relate to the
identified impact (Mathe, 2014 [22]). Indicators are direct measurements of social issues,
and they act as a bridge to link the data with subcategories and impact categories to guide
the data collection process (Wu et Chen, 2014 [23]).

2.2.4. Challenges

Jorgensen et al. (2008 [20]) described the impact assessment as the phase where
inventory information is translated into impacts. Characterization considers the inventory
results within the same impact category (Jergensen et al., 2008 [20]). It is required to
translate results into value for an impact indicator at the midpoint or endpoint (UNEP,
2020 [9]). This is the final stage of the S-LCA, where the results are checked and discussed.
They are broken down into life cycle phases, impact categories, impact subcategories, and
stakeholder categories (UNEP, 2020 [9]).

This section comprises data for stakeholders and impact categories. Three approaches
are used to prioritize data collection: (a) conduct a literature review to highlight key
potential social impacts to identify specific unit processes for which data should be collected;
(b) explore the intensity of different unit processes in a product’s life cycle and determine a
variable; and (c) identify hotspots in the product’s life cycle (UNEP, 2020 [9]). The approach
to prioritizing data is to identify the hotspot. It highlighted that hotspots are linked to
social issues, and impact subcategories cover these. Hotspots can generally be evaluated
at the country’s level, but for case-specific S-LCA, more precise geographic information
is needed (Hosseinijou et al., 2014 [24]). Benoit et al. (2010 [25]) claimed that the impact
assessment is underdeveloped as the guidelines provide a general structure with a set of
categories and subcategories.

To answer this question, our approach involved a comprehensive examination of each
article’s methodology regarding data collection and its accessibility, impact assessment
procedures, and the subsequent interpretation of results. Specifically, we scrutinized aspects
such as data collection methods and availability (drawing from literature, assessing unit
intensity, and identifying hotspots), the nature of impact assessment (whether midpoint
or endpoint), and the nuances within result interpretations (considering life cycle phases,
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impact categories, and subcategories). This meticulous analysis enabled us to discern and
identify the challenges elucidated across the 19 articles.
In our next section, we discussed our results and findings through the respective tables

associated with each question.

3. Results
Our protocol brought 19 articles (Table 2). A numerical value is attributed to each

Table 2. Selected papers.

article and will be used in the remaining tables and figures.

Paper Authors Paper Objective Type of Construction Location
Develop a S-LCA model for building  Precast Facade, Semi Precast
! Dong et Ng, 2015 [26] construction projects Slab, and Precast Staircase Hong Kong
Evaluate the social impact of a green
2 Fan et al., 2018 [15] building district within its designed Green Building China
service life
Balasbaneh et al Analyze the stakeholder
3 2018 [2] v toward contribution to Timber and Concrete structure Malaysia
economic development
Develop a LCSA framework and a -
4 Dong et Ng, 2016 [11] case study of LCSA Building Hong Kong
Hosseinijou et al., Assess and compare socio-economic . .
5 2014 [24] impacts of materials in their life cycle. Material (steel and iron) N/A
Propose a method and case study Ontario, Canada;
6 Fauzi et al., 2022 [27] based on the S-LCA framework WOOd.’ Concrete, Steel, Gravgl, Quebec, Canada;
L. Aluminum, Gypsum, and Brick .
and guidelines China
7 Santos et al., 2019 [28] Col.lect and a1.12.11yze 1nf9rmat10n to COHS'L‘I'.U_.C’[IOH and Not specific
assist the decision-making process Demolition waste
8 Balasbaneh et al., 2021 Assess three different Materials (concrete) and Malavsia
(Life cycle. . .) [29] construction techniques Single-story residential building y
9 Zheng et al., 2020 [30] Evaluate the social impacts Hot-Mix Asphalt Pavement China
on pavement
Assess the social implications and
10 Hossain et al., 2018 [31] sustalpablh?y of construction Recycled Materials Hong Kong
materials with a comparative
rating model
Compare two different demonstrator
11 Bezama et al., 2021 [32]  systems for lightweight wood-based Wood-Based Concrete Elements ~ Germany
concrete elements
. . Propose an integrated
12 Liu et Qian, 2019 building-specific sustainability PPVC Project Semi-Prefab Singapore
(Towards) [33]
assessment model
Liu et Qian., 2019 Develop a methodological framework . R . .
13 (Evaluation. . .) [34] for social life cycle assessment Social Sustainability Projects Singapore
14 Zheng et al., 2019 [35] Compare LCSA Pavement China
Vitorio et Kripka, Verify the evolution of social . . . .
15 2021 [8] indicators in the sectors Single-Family Residences Brazil
Balasbaneh et al Evaluate carbon dioxide (CO,)
16 v emissions and the cost and Windows in School Building Malaysia

2020 [36]

social impacts
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Table 2. Cont.

Paper Authors Paper Objective Type of Construction Location
Ostermeyer et al., Address the potential of LCSA in the . o
17 2013 [14] built environment Refurbishment of Building Europe
Balasbaneh et al., 2021 Evaluate the sust.amablhty . .
18 . performance of different Flooring Systems Malaysia
(Applying. . .) [37] floorin
g systems
. . Analyze the social performance of . .
19 Osorio-Tejada et al, companies involved in the supply Road Freight service Latin America,

2022 [38]

. E . Asi
chain of road transport urope, and Asia

3.1. Scope of the S-LCA Case Studies

For scope, we classified the articles as per their contribution to research. Table 2 showed
that out of the 19 articles, three aimed to develop and assess, four were to evaluate, one was
to collect, compare, and verify S-LCA, and two were to propose and analyze S-LCA. Studies
were mostly performed on Asian countries, with Hong Kong (three), China (four), Malaysia
(four), Singapore (two), and Asia in general (1). Four studied buildings, and fifteen were in
built-in environments.

In Table 3, we review the types of case studies. They were mostly single-case studies
rather than multiple. The organizational type was mostly public (16). For the different
kinds of stakeholders, the focus was on workers, value chain actors, consumers, and the
local community.

We can also note that authors focused on (1) developing a model and methodological
or LCSA framework; (2) assessing social impacts and sustainability of building materials;
(3) evaluating the social cost of carbon dioxide emissions in green buildings and their
materials; (4) comparing LCSA and systems of construction materials; (5) verifying the
evolution of social indicators; and (6) analyzing stakeholder’s contribution and the social
performance of companies.

Mathe (2014 [22]) highlighted the need to consider the range of actors and indicators
chosen and the individuals concerned. As such, one category in Table 3 is the type of
stakeholders involved. Stakeholders should be present during the development of the
S-LCA analysis and are considered from the impact analysis’s point of view (Arcese et al.,
2013 [39]). However, although S-LCA aims to validate an assessment and its consequences,
some factors are personal. In the sense that when a company carries out its activity, it
focuses on the product and not on the “behavior” (Zamagni et al., 2011 [12]). Indeed,
certain changes cannot be directly linked to the specific individuals affected, as noted by
Jorgensen et al. (2013 [40]). For instance, consider the evaluation of forced labor, where
its existence might be recognized but not quantified in relation to the number of T-shirts
within the product system, as illustrated by the example provided in UNEP (2020 [9]).

3.2. Functional Units and System Boundaries in Case Studies

Among the 19 articles reviewed, the functional units employed in S-LCA exhibited
significant variation, as shown in Table 4. These included assessments ranging from worst
to best in two articles, percentages in three articles, square meters (m?) in three articles,
scoring ranging from unconcerned to very strong priority in one article, a linkage with
national and international laws with scoring from strongly positive to strongly negative
in one article, numeric values, categorical distinctions, yes/no indicators, and hours each
featured in one article, while another article used weight as a specification. Furthermore,
three articles utilized cost evaluation as their functional unit, one considered the level of risk,
and finally, two articles did not specify the functional unit employed in their assessments.
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Table 3. Review of the case studies.

Type of Case Organization .
Studies Type Type of Stakeholders Involved:
g £
g : g
Paper © % o g 2 i QE) g Methods and Models Used
P £ 2 : £ & Z &
o = = = o = E) ©
n E R [-W g Q 8 )
S =
Questionnaires and surveys on social
1 X X X X performance of environmental
friendly practices
2 X X X X Questionnaires for green residential districts
Interviews and research assessment on
3 X X X contribution to economic development for
numbers of job creation
4 X X X X X Interviews on material stages
5 X X X X X X MFA (t.O.Ol) to 1dent1fy hotspots within
communities, companies and employment
6 X X X X X X Multi-level Analysis on unit, company,
sector and country
v « X X X X X Model 1dept1f1es §takeholders perspectives,
experiences in waste management.
8 X X X X X X Mu.ltl-crltena d.ec151on-mak1ng on
sustainable Flooring (type of flooring)
9 X X X X X Framework (?n raw materlal§, production,
construction, use and maintenance
10 X X X X X X Interviews on challepges and
recycled materials
1 X X X RESPONSA model on mdlcgtors and
organizational learning
1 X X X X X Model on structural design and well-being
of stakeholders
13 X X X X X Interv1eV\.IS anq indicators on ca.use—effect
relationships (soundproof issue)
14 X X X X X Interv1est and questionnaires on social
impacts for pavement
15 X X X X X X WEFWP method—ra}w materials and
workers’ wages
Multi-criteria decision-making on user
16 X X X X X satisfaction and indoor noise
and parameters
A multidimensional Pareto optimization
17 X X X methodology on Building materials,
Workers and job conditions
Interviews and Multi-criteria
18 X X X X X decision-making on judgement of
stakeholders on types of construction
19 X X X X X Interviews on labor rights
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Table 4. Functional units S-LCA, boundary, and functional unit LCA.

# FU-S-LCA Boundary FU-LCA
1 Scale of —1 to 1, and —1 is the worst and 1 is the best social Cradle to grave Scale of 1 to —1
2 None Cradle to gate None
3 % Cradle to grave Cost per MYR
—1 to 1, with 1 being the best social performance; the score ranges from —5 to
4 5, with 5 being the best social performance Cradle to grave Ke
5 T, m? Cradle to grave None
6 M2 Cradle to grave None
7 None Cradle to grave None
8 9is un.concerned, 7 is rpoc.:lerate priority, 5 is strong priority, 3 is solid priority, Cradle to grave M2
and 1 is very strong priority
9 Y% Cradle to gate None
1.00 Strongly positive, fully agreed, very highly related, highly compatible
0.75 Mostly positive, moderately agreed, highly related,
moderately compatible
10 0.50 Neutrally affected, agreed, neutrally related, compatible Cradle to grave None
0.25 Mostly negative, partially disagreed, moderately negative,
negatively compatible
0.00 Strongly negative, fully disagreed, highly unrelated, incompatible
11 Number, category, percent, yes and no, hour Cradle to gate Kg, mm
12 Weights Cradle to gate none
13 Weights Cradle to gate Weight
14 HHCP, milli-DALYS eq, S, nox eq) Cradle to gate T, m3
15 R$/month Cradle to grave Kg, m?
16 Weight Cradle to grave Us$
17 Cost Cradle to gate Investment cost
18 Cost Cradle to grave Cm
19 Low, medium, high, very high risk Cradle to gate None

In terms of the functional unit concerning LCA, the analysis of the 19 articles revealed
diverse approaches. Specifically, two articles were cost-related, three utilized weight
specifications, one employed centimeters (cm), one used kilograms (kg), one utilized cubic
meters (m?3), another employed tons (T), one used square meters (m?2), and one adopted the
worst and best criteria. Remarkably, seven articles did not specify the functional unit used.

Regarding the system boundary, it was observed that eight articles focused on the
cradle-to-gate perspective, while eleven adopted the cradle-to-grave approach. This dis-
tinction can be attributed to the fact that four of the 19 articles were exclusively concerned
with the building itself, whereas the remaining articles encompassed broader project or
material assessments.

We can see in Table 4 that the unit processes to fulfill the functional unit are set up for
both S-LCA and LCA. However, even if so, this approach is not feasible in S-LCA as the
measures are mostly on the socioeconomic impacts, which are related to the company’s
behavior instead of the product’s function unit (Jergensen, 2013 [40]). As such, if S-LCA
is applied to assess a product by focusing on the product system itself, the behavior will
not be caught because the supplier will be held responsible for only the part of production
included in the product system (Zamagni et al., 2011 [12]). Thus, the impacts cannot be
expressed through the functional unit. In addition, S-LCA works with data on attributes and
characteristics of processes that cannot be expressed per unit (Hosseinijou et al., 2014 [24]).
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Lagarde and Macombe (2013 [41]) also mentioned that the concepts used to describe the
systems and the boundaries are unclear in the literature since authors do not clearly explain
their models and criteria for making their choice. It has been pointed out that to support
management decisions, it is sufficient to include only parts of the life cycle that are directly
influenced by companies (Hosseinijou et al., 2014 [24]). In our study, the articles are from
cradle to gate or cradle to grave, meaning that all life cycle stages were involved.

3.3. Nature of the S-LCA Indicators Used in the Selected Case Studies

We have organized five distinct stakeholder categories and aligned them with their
respective impact categories, as outlined in the UNEP guidelines. This arrangement
provides a structured overview of the relationships between stakeholders and the specific
impact categories relevant to their interests and concerns.

As Chan and Oppong (2017 [42]) discussed, a stakeholder has different attributes
(power, legitimacy, and urgency), and it is important to understand their effect on construc-
tion projects. For workers, the categories associated were fair salary, working hours, forced
labor, equal opportunities, health and safety, and discrimination. For value chain actors,
the subcategories of capacity for job creation and local employment were of paramount
importance. Consumers, on the other hand, exhibited a distinct concern related to con-
sumer privacy. The community stakeholder category was associated with a broader range
of impact subcategories, encompassing local job creation, respect for indigenous rights,
land use, cultural heritage, safe living conditions, community engagement, human health,
public commitment, and technology development.

However, it is noteworthy that in our analysis of the 19 articles, we encountered
challenges in obtaining certain data, primarily due to difficulties in identifying the relevant
stakeholders. This observation is somewhat surprising, given that the UNEP (2020 [9])
guidelines emphasize that the initial step in the analysis should be the identification of
stakeholders. Nonetheless, we identified a recurring pattern whereby specific impact
categories were consistently linked to particular stakeholder categories, as illustrated in
Figure 2.

The subcategories were capacity for job creation and local employment. For consumers,
consumer privacy was one of their concerns. The community was linked to local job
creation and respect for indigenous rights, land use, cultural heritage, safe living conditions,
community engagement, human health, public commitment, and technology development.

In Table 5, our analysis of the 19 articles revealed diverse characteristics of the as-
sessment approaches. Specifically, we found that nine articles employed a quantitative
assessment methodology, five utilized a qualitative approach, and five adopted a semi-
quantitative method. Regarding the consideration of midpoint and endpoint criteria, only
three articles exclusively focused on midpoint (two) or endpoint (one), while the remaining
sixteen articles considered both criteria. Additionally, seven articles assessed direct impacts,
while eleven focused on indirect impacts. The majority of articles, precisely fifteen out of
nineteen, presented descriptive assessments, while the remaining four followed an additive
approach.

Furthermore, our examination of the impact pathways, which illustrate the cause-
and-effect relationship between midpoint and endpoint indicators, revealed that many
articles established links, particularly between fair wages (midpoint) and human health
(endpoint). However, as noted by Hosseinijou et al. (2014 [24]), the precise measurement
of this process remains a challenge. In line with the observations of Neugebauer et al.
(2014) [43], it became evident that the boundaries between impact indicators and inventory
indicators are not distinctly defined.
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e Child labor
WORKERS e Fair salary
2 e Working hours
& e Forced labor
e Equal opportunities
e Health and safety
e Discrimination
VALUE CHAIN
ALIORS " e Capacity for job creation
e Local employment
CONSUMERS "
> e Consumer privacy
e Respect of indigenous rights
LOCAL e land use '
COMMUNITY e Cultural heritage
e Safe living conditions
e Community engagement
e Human health
Public commitment
e Technology development

Figure 2. Stakeholders’ categories and subcategories from UNEP guidelines.

3.4. Main Challenges of Social Life-Cycle Assessment

Addressing research question 4, this section categorizes methodological challenges
into four distinct types: data quality, data uncertainties, data measurement, and missing
data. We found that six studies employed surveys, five relied on interviews, two used
literature reviews, two employed models, three utilized multi-criteria decision-making
approaches, and five employed statistical methods and matrix analysis.

Within the data quality category, Dong and Ng (2015 [26]) emphasized that data
quality is a significant concern, particularly because certain indicators cannot be effectively
measured, rendering it impossible to estimate scores accurately. Furthermore, the scoring
method itself is problematic, given the absence of a widely accepted and standardized
scoring system, as noted by Fan et al. (2018 [15]).

Concerning data uncertainties, despite the collection of information via questionnaires,
it was recognized that these data may still exhibit uncertainties. Additionally, Balasbaneh
et al. (2020 [36]) highlighted the difficulty in identifying certain stakeholders, particularly
in governance, making it challenging to collect data from them.

In the context of data measurement, the quantification of social impact was deemed
challenging overall. Sustainability, as highlighted in Article 5, was described as an underde-
veloped aspect. Moreover, Vitorio and Kripka (2021 [8]) underscored that the construction
industry still lacks comprehensive social data inventories.

Addressing missing data, it was noted that some stakeholders were excluded due to
data gaps, especially in the case of value chain actors and governance, where obtaining
information proved difficult (Balasbaneh et al., 2018 [2]; Balasbaneh et al., 2020 [36]).
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Table 5. Character of assessment, impact assessment, and result interpretations.

Paper Assessment Process Impact Assessment Result Interpretations
A s £ 05 . %
5 & ¢ = & & § : £ 2 g
3 g “ = E
v
5 E % g
1 X X X X X X X X
2 X X X X X X X X
3 X X X X X X X
4 X X X X X X X X
5 X X X X X X X X X
6 X X X X X X X
7 X X X X X X X
8 X X X X X X X X X
9 X X X X X X X
10 X X X X X X X X X
11 X X X X X X X X X X
12 X X X X X X X X X
13 X X X X X X X X X X
14 X X X X X X X X X X
15 X X X X X X X X
16 X X X X X X X X X
17 X X X X X X X X X
18 X X X X X X X X X
19 X X X X X X X X X

Lastly, we observed that among the studies, eight focused on the cradle-to-gate perspec-
tive, while eleven adopted the cradle-to-grave approach. This choice of system boundary
in life cycle analysis was influenced by the challenges associated with missing data, as
highlighted in Table 4.

As pointed out by Fauzi et al. (2022 [27]), it is crucial to encompass the entire product
life cycle because impacts occurring throughout various phases are frequently overlooked
due to missing data. This underscores the need for comprehensive data collection and
analysis across the entire life cycle of a product.

Moreover, Ostermeyer et al. (2013 [14]) emphasize that these missing data represent
essential information gaps that should be addressed through future research efforts, high-
lighting the importance of ongoing data generation to enhance the effectiveness of S-LCA.
Zanchi et al. (2018 [44]) have also identified several key elements that can significantly
influence the application of S-LCA. These elements encompass the perspective from which
affected stakeholders are considered, the methodology’s selection and prioritization of in-
dicators, the critical role of the functional unit linked with social inventory information, the
definition of system boundaries that may not always encompass all relevant unit processes,
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and the potential disparities in data collected when assessing social impacts on-site within a
company compared to data collected at a national or geographic level. These considerations
underscore the complexity and multifaceted nature of social life-cycle assessment.

In summary, Social Life-Cycle Assessment continues to pose significant challenges
within the construction sector. These challenges (In Table 6) are primarily driven by issues
related to missing data, difficulties in measurement, uncertainties, and the inconsistent qual-
ity of available data. Addressing these challenges is essential to advancing the effectiveness
and reliability of Social Life-Cycle Assessment in construction projects.

Table 6. Challenges in data collection.

Challenges of Data Collection

Faper Data Quality Data Uncertainties Data Measurement Missing Data
1 X X X

2 X X X X
3 X X
4 X X X
5 X

6 X X X
7 X
8 X

9 X
10 X X

11 X X
12 X X X X
13 X X X
14 X X

15 X X

16 X X

17 X X
18 X X X
19 X

4. Discussion

This paper had the overarching goal of examining how researchers have put social
impact assessment into practice within construction projects over the past decade. The
study encompassed various facets, including the development, assessment, evaluation,
comparison, and verification of methodologies and frameworks. These encompassed
activities such as (1) the creation of models and methodological frameworks for Life Cycle
Sustainability Assessment (LCSA); (2) the assessment of social impacts and sustainability
concerning building materials; (3) the evaluation of the social cost associated with carbon
dioxide emissions in green buildings and their materials; (4) the comparison between LCSA
and construction material systems; (5) the verification of the evolution of social indicators;
and (6) the analysis of stakeholder contributions and the social performance of companies.

The study predominantly featured single-case studies rather than multiple-case stud-
ies, with a focus on evaluating and assessing a total of three private organizations and
sixteen public organizations. In terms of stakeholders, the research centered on workers,
value chain actors, consumers, and the local community, shedding light on the intricate
dynamics and implications of social impact assessment in the construction sector.
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Furthermore, in terms of functional units, the measurements and scoring employed
varied widely, encompassing scales such as worst to best in two cases, percentages in
three cases, square meters (m?) in three cases, scoring from unconcerned to very strong
priority in one case, linkage with national and international laws with scoring from strongly
positive to strongly negative in one case, numeric values, categorical distinctions, yes/no
indicators, and hours each featured in one case, with weight used as a specification in
one case. Additionally, three articles utilized cost evaluation as their functional unit, one
considered the level of risk, and finally, two articles did not specify the functional unit
employed in their assessments.

These diverse scoring methods, as pointed out by Jergensen (2013 [40]), raise questions
about the appropriateness of measuring socio-economic impacts based on a company’s
behavior rather than focusing on the product’s functional unit. Zamagni et al. (2011 [12])
similarly argued that behavior may not be adequately captured, as suppliers are held
responsible only for the part of production included in the product system. Moreover,
S-LCA often deals with data on attributes and characteristics of processes that cannot be
expressed per unit, as highlighted by Hosseinijou et al. (2014 [24]). This complexity arises
from the fact that social impacts are intricately linked to human well-being, making it
challenging to establish a direct connection to a specific physical unit, as noted by Zheng
et al. (2020 [30]). These considerations underscore the complexity and nuances associated
with the choice of functional units in Social Life-Cycle Assessments.

Thirdly, the nature of indicators within the case studies spanned five stakeholder
categories. These case studies were characterized as quantitative in nine instances, qual-
itative in five cases, and semi-quantitative in five instances. As outlined by Zanchi et al.
(2018 [44]), various elements can significantly influence S-LCA applications, with a partic-
ular emphasis on the perspective of affected stakeholders. Stakeholders possess distinct
attributes, including power, legitimacy, and urgency, and comprehending their impact on
construction projects is vital, as noted by Chan and Oppong (2017 [42]). Consequently, for
management decision support, it may be sufficient to consider only those parts of the life
cycle directly influenced by companies, as highlighted by Hosseinijou et al. (2014 [24]).

Within the context of the case studies, the impact on affected stakeholders became
evident. Workers were associated with indicators related to fair salaries, working hours,
forced labor, equal opportunities, health and safety, and discrimination. Value chain actors
were concerned with indicators related to capacity for job creation and local employment,
while consumers prioritized indicators such as consumer privacy. The local community was
linked to a broad range of indicators, including local job creation, respect for indigenous
rights, land use, cultural heritage, safe living conditions, community engagement, human
health, public commitment, and technology development.

It is noteworthy that the articles in our study encompassed a cradle-to-gate or cradle-to-
grave perspective, indicating the involvement of all life cycle stages in the assessments. This
comprehensive approach allows for a holistic understanding of social impacts throughout
the entire life cycle of construction projects.

Additionally, the authors noted that the predominant challenges revolved around data
quality and uncertainties. There exists an intricate interplay between scope, assessments,
and measurements, rendering methodological evaluation challenging. Notably, S-LCA
exhibits deficiencies in terms of comparability and transparency, as highlighted by Pollok
et al. (2021) [45]. It is important to acknowledge that assessing the same item produced
in different locations can yield disparate impacts, thereby influencing the indicators, as
discussed by Zamagni et al. (2011 [12]). Furthermore, collecting data on-site within a
company or at a country level within geographical zones introduces additional complexities,
as underscored by Zanchi et al. (2018 [44]).

Connecting the inventory results of the social dimension to functional units is another
challenge (Zheng et al., 2019 [35]; Dong and Ng, 2015 [26]). For the impact assessment, the
weighting and scoring of social issues remain a challenge (Hosseinijou et al., 2014 [24]). For
example, in the study of Dong et al. (2016 [11]), interviewees suggested leaving the choice
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of weighting to the users. In the study of Hossain et al. (2018 [31]), an indirect scoring
system is used based on indirect weighing based on respondents’ opinions as ratings.
In Liu and Qian (2019 [22]), equal weights were assigned to four stakeholders because
of experts’ opinions regarding ethical issues. Knowing that, when the weighting of any
criteria is higher, there is a chance for the related criteria to over-influence decision-making
(Balasbaneh et al., 2021 [37]). As such, an uncertainty analysis of the scoring and weighting
models is needed. Since social impacts are mostly associated with human well-being,
there is a risk of inevitable subjectivity (Zheng et al., 2020 [30]). Characterization models
should be able to translate inventory results into impacts in a comparative way (Hosseinijou
etal., 2014 [17]). Still, there is a knowledge gap with the social indicators to characterize
social issues (Liu et Qian, 2019 [34]). Dong et al. (2015 [26]) said that calculation is no
longer part of characterization, while normalization and weighting are the quantification
steps. Characterization models are not able to link the impact results to the functional unit
(Hosseinijou et al., 2014 [24]). Therefore, the process of the scoring system usually includes
normalization, which is a quantifying process with a lack of scientific method (Dong et al.,
2015 [26]). Therefore, a specific set of indicators needs to be developed depending on
the goal and scope definition as well as data accessibility (Liu et Qian, 2019 [22]). An
international and multidiscipline expert panel could help solve these issues (Zheng et al.,
2019 [35]).

We have identified and analyzed the specific methods that authors have employed
to operationalize Social Life-Cycle Assessment (5-LCA) in construction projects. Our
findings have unveiled numerous issues within the S-LCA assessment process. These
challenges have been categorized into four distinct types: data quality, data uncertainties,
data measurement, and missing data. Notably, the primary concern that emerged from
our study pertains to the quality of the data, with certain indicators proving difficult or
impossible to measure accurately. Therefore, it becomes nearly impossible to estimate the
score (Dong and Ng, 2015 [26]).

The scoring method is also problematic, as there is a lack of a well-accepted scoring
system (Fan et al., 2018 [15]). Concerning data uncertainties, even though information is
gathered through questionnaires, it may still exhibit certain degrees of uncertainty. This
inherent uncertainty complicates the identification of some stakeholders, particularly those
involved in governance, making it challenging to gather data from them, as highlighted by
Balasbaneh et al. (2020 [36]). As highlighted by Backes et Traverso (2021 [46]), the principal
challenges identified revolved around the selection and quantification of social criteria
and indicators.

Regarding data measurement, the quantification of social impact remains a challenging
endeavor and is still underdeveloped in terms of sustainability, as noted by Hosseinijou et al.
(2014 [24]). The complex and multifaceted nature of social impact assessment presents diffi-
culties in precisely quantifying these impacts, particularly within the context of sustainability.

Concerning missing data, challenges persist, and some stakeholders are omitted due to
data gaps, especially among value chain actors and governance, where obtaining informa-
tion proves to be particularly challenging, as highlighted by Balasbaneh et al. (2018 [2] and
2020 [36]). Inventory data collection also presents a hurdle due to the limited availability
of databases, as noted by Zheng et al. (2020 [30]). These data limitations underscore the
ongoing issues associated with social impact assessment in the construction sector, where
comprehensive and reliable social data inventories remain lacking, as highlighted by Vitorio
and Kripka (2021 [44]).

Furthermore, the absence of international consensus on the social life cycle impact
assessment method is a noteworthy challenge, as indicated by Fan et al. (2018 [15]). The lack
of standardized criteria, particularly in the domain of social culture, further complicates the
development and implementation of a cohesive approach, as observed by Balasbaneh et al.
(2018 [2]). These challenges highlight the need for continued research and standardization
efforts in the field of Social Life-Cycle Assessment. Pollock et al. (2021 [45]) even argued
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that the complication is in the complex testing and verification of social impact pathways
and social issues’ facets that connect to different disciplines and theories.

To sum up, the limitation of the implementation of the S-LCA is the selection of
different stakeholder categories, impact subcategories, indicators, and weighting methods
(Hossain et al., 2018 [31]). Upon juxtaposing our discoveries with those of Pollock et al.
(2021 [45]), it becomes evident that analogous concerns have surfaced in other industries,
notably in the automotive sector. Furthermore, we touched upon the behavioral dimension
as a noteworthy factor, stemming from the inherent challenge of quantifying social aspects.
The authors of the study similarly acknowledged this challenge, emphasizing its role as a
causal factor for uncertainty, particularly in relation to Environmental Life Cycle Inventory
(E-LCI) data. Although they addressed issues related to indicators, our selected case studies
did not center on a specific site or location. In contrast, Backes and Traverso (2023 [46])
meticulously curated a list of indicators and linked them to a subsequent hotspot analysis
focused on production countries. This approach introduces the possibility of variations
in data collection, whether conducted on-site at individual companies or aggregated per
country, especially within distinct geographic zones, as noted by Zanchi et al. (2018 [44]).

5. Conclusions

This paper conducted a comprehensive scoping review of case studies published in the
past decade to gain insights into the current trends in Social Life-Cycle Assessment within
the construction industry. Our primary objective was to explore the operationalization of
S-LCA (Social Life-Cycle Assessment). The review encompassed various aspects, including
the scope, functional unit, system boundaries, nature of indicators used, and challenges
encountered in S-LCA applications. However, it is important to acknowledge that we
cannot encompass every aspect of operationalization comprehensively. Notably, we did
not delve into specific details such as the individuals responsible for conducting the
analyses, the requisite skill sets, or the software tools employed, among other factors.
These particulars are infrequently documented in the articles we reviewed. As such, it is
important to acknowledge that there are numerous other facets of operationalization that
warrant further investigation. Nevertheless, the findings from this review shed light on
several noteworthy observations:

Flaws in S-LCA: It became evident that S-LCA faces certain shortcomings related to the
quality of measurement, scoring methods, and the availability of social data. These deficien-
cies are not exclusive to the construction sector but are prevalent across various industries.

Measurement Challenges in Construction: Particularly within the construction industry,
there is a pressing need to develop more suitable measurement approaches for construction
output. The assessment of impacts in this context can be complex and challenging.

Focus on Products: The majority of S-LCA assessments focus on the product level,
which may not adequately capture behavioral aspects (social) that are integral to under-
standing social impacts. Social impacts are often attributed primarily to companies rather
than individual processes and materials.

Materials-Centric Assessments: A significant portion of the reviewed articles primarily
focused on materials rather than the construction of buildings themselves. This emphasis
on materials could contribute to the prevalence of flaws and challenges encountered in
S-LCA within the construction sector.

Standardization and Quantification Challenges: The field of social culture in S-LCA
lacks standardization, and quantifying social impacts remains a complex task. This subjec-
tivity is particularly pronounced in scoring and weighting during assessments.

In summary, this review underscores the need for continued research and development
efforts to enhance the effectiveness and reliability of S-LCA, both within the construction
industry and across other sectors. Addressing measurement challenges, standardizing
social culture aspects, and considering the broader behavioral context are key steps in
advancing the field of social impact assessment.
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This research has its limitations, primarily stemming from the constraints imposed
during the article selection process. The main limitations include:

Limited Article Pool: The study’s scope was narrowed down by focusing exclusively
on scientific articles within the construction sector that feature case studies. This approach
excluded potentially valuable insights from non-academic sources and gray literature,
which may contain relevant case studies conducted by industry professionals. Conse-
quently, the findings may not provide a comprehensive view of all relevant S-LCA case
studies in the construction industry. The decision to exclude gray literature, while uphold-
ing academic rigor, may have inadvertently omitted valuable real-world case studies and
practical applications of S-LCA conducted by non-academic stakeholders in the construc-
tion sector.

Confidentiality and Ethical Considerations: Some case studies or industry-specific data
may be subject to confidentiality agreements or ethical constraints, limiting their inclusion
in the analysis. These constraints can potentially result in an incomplete representation of
available S-LCA case studies within the construction industry.

Despite these limitations, the research provides valuable insights into the current state
of S-LCA within the construction sector based on the available academic literature. Future
research endeavors may seek to address these limitations by exploring a broader range of
sources and considering alternative methodologies to capture a more comprehensive view
of S-LCA case studies and applications in the field.

Author Contributions: Methodology, P.A. and R.P.; EndNote software, P.A.; validation, R.P; formal
analysis, P.A. and R.P; investigation, P.A.; resources, P.A.; data curation, P.A.; writing—original
draft preparation, P.A.; writing, P.A.; Review and editing—P.A. and R.P; supervision, R.P,; funding
acquisition, R.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Jarislowsky/Atkins Réalis Research Chair.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ilhan, B.; Yobas, B. Measuring construction for social, economic and environmental assessment. Eng. Constr. Archit. Manag. 2019,
26,746-765. [CrossRef]

2. Balasbaneh, A.T.; Bin Marsono, A.K.; Khaleghi, S.J. Sustainability choice of different hybrid timber structure for low-medium cost
single-story residential building: Environmental, economic, and social assessment. . Build. Eng. 2018, 20, 235-247. [CrossRef]

3. Larsen, V.G,; Tollin, N.; Sattrup, P.A.; Birkved, M.; Holmboe, T. What are the challenges in assessing circular economy for the built
environment? A literature review on integrating LCA, LCC and S-LCA in life cycle sustainability assessment, LCSA. J. Build. Eng.
2022, 50, 104203. [CrossRef]

4. United Nation Environment Programme [UNEP]. Global Status Report for Buildings and Construction Sector. In 2019 Global
Status Report for Buildings and Construction: Towards a Zero Emission, Efficient and Resilient Buildings, and Construction
Sector. [PDF]. 2019. Available online: https://www.unep.org/resources/publication/2019-global-status-report-buildings-and-
construction-sector (accessed on 1 December 2022).

5. Esa, M.R; Halog, A; Rigamonti, L. Developing strategies for managing construction and demolition wastes in Malaysia based on
the concept of circular economy. J. Mater. Cycles Waste Manag. 2017, 19, 1144-1154. [CrossRef]

6.  Kibert, C.J. Sustainable Construction: Green Building Design and Delivery; John Wiley & Sons: Hoboken, NJ, USA, 2016.

7. Jain, M.S. A mini review on generation, handling, and initiatives to tackle construction and demolition waste in India. Environ.
Technol. Innov. 2021, 22, 101490. [CrossRef]

8.  Vitorio, P.C.; Kripka, M. Fair wage potential as a tool for social assessment in building projects. Eng. Constr. Archit. Manag. 2021,
28,1295-1318. [CrossRef]

9.  United Nation Environment Programme [UNEP]. Guidelines for Social Life Cycle Assessment of Products 2020. [PDF].
2020. Available online: https:/ /www.lifecycleinitiative.org/library/guidelines-for-social-life-cycle-assessment-of-products-
and-organisations-2020/ (accessed on 9 July 2023).

10. Ramirez, PK.S,; Petti, L.; Haberland, N.T.; Ugaya, C.M.L. Subcategory assessment method for social life cycle assessment. Part 1:

Methodological framework. Int. J. Life Cycle Assess. 2014, 19, 1515-1523. [CrossRef]


https://doi.org/10.1108/ECAM-03-2018-0112
https://doi.org/10.1016/j.jobe.2018.07.006
https://doi.org/10.1016/j.jobe.2022.104203
https://www.unep.org/resources/publication/2019-global-status-report-buildings-and-construction-sector
https://www.unep.org/resources/publication/2019-global-status-report-buildings-and-construction-sector
https://doi.org/10.1007/s10163-016-0516-x
https://doi.org/10.1016/j.eti.2021.101490
https://doi.org/10.1108/ECAM-01-2020-0024
https://www.lifecycleinitiative.org/library/guidelines-for-social-life-cycle-assessment-of-products-and-organisations-2020/
https://www.lifecycleinitiative.org/library/guidelines-for-social-life-cycle-assessment-of-products-and-organisations-2020/
https://doi.org/10.1007/s11367-014-0761-y

Sustainability 2023, 15, 14569 18 of 19

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dong, YH.; Ng, S.T. A modeling framework to evaluate sustainability of building construction based on LCSA. Int. ]. Life Cycle
Assess. 2016, 21, 555-568. [CrossRef]

Zamagni, A.; Amerighi, O.; Buttol, P. Strengths or bias in social LCA? Int. ]. Life Cycle Assess. 2011, 16, 596-598. [CrossRef]
Daniel, E.I; Pasquire, C. Creating social value within the delivery of construction projects: The role of lean approach. Eng. Constr.
Archit. Manag. 2019, 26, 1105-1128. [CrossRef]

Ostermeyer, Y.; Wallbaum, H.; Reuter, F. Multidimensional Pareto optimization as an approach for site-specific building
refurbishment solutions applicable for life cycle sustainability assessment. Int. J. Life Cycle Assess. 2013, 18, 1762-1779. [CrossRef]
Fan, L.; Pang, B.; Zhang, Y.R.; Zhang, X.J.; Sun, YW.; Wang, Y.F. Evaluation for social and humanity demand on green residential
districts in China based on SLCA. Int. ]. Life Cycle Assess. 2018, 23, 640-650. [CrossRef]

Tokede, O.; Traverso, M. Implementing the guidelines for social life cycle assessment: Past, present, and future. Int. |. Life Cycle
Assess. 2020, 25, 1910-1929. [CrossRef]

Huertas-Valdivia, I.; Ferrari, A.M.; Settembre-Blundo, D.; Garcia-Muifia, EE. Social Life-Cycle Assessment: A Review by
Bibliometric Analysis. Sustainability 2020, 12, 6211. [CrossRef]

Birkle, C.; Pendlebury, D.A.; Schnell, J.; Adams, ]. Web of Science as a data source for research on scientific and scholarly activity.
Quant. Sci. Stud. 2020, 1, 363-376. [CrossRef]

Zientek, L.R.; Werner, ].M.; Campuzano, M.V.; Nimon, K. The Use of Google Scholar for Research and Research Dissemination.
New Horiz. Adult Educ. Hum. Resour. Dev. 2018, 30, 39—46. [CrossRef]

Jorgensen, A.; Le Bocq, A.; Nazarkina, L.; Hauschild, M. Methodologies for social life cycle assessment. Int. J. Life Cycle Assess.
2008, 13, 96-103. [CrossRef]

United Nation Environment Programme [UNEP]. Guidelines for Social Life Cycle Assessment of Products. [PDF Report]. 2009.
Available online: https:/ /wedocs.unep.org/bitstream/handle/20.500.11822 /7912 /-Guidelines %20for%20Social %20Life %20
Cycle%20Assessment%200f%20Products-20094102.pdf?sequence=3&amp%3BisAllowed= (accessed on 1 December 2022).
Mathe, S. Integrating participatory approaches into social life cycle assessment: The SLCA participatory approach. Int. |. Life
Cycle Assess. 2014, 19, 1506-1514. [CrossRef]

Wu, R.; Yang, D.; Chen, J. Social Life Cycle Assessment Revisited. Sustainability 2014, 6, 4200-4226. [CrossRef]

Hosseinijou, S.A.; Mansour, S.; Shirazi, M. A. Social life cycle assessment for material selection: A case study of building materials.
Int. ]. Life Cycle Assess. 2014, 19, 620-645. [CrossRef]

Benoit, C.; Norris, G.A.; Valdivia, S.; Ciroth, A.; Moberg, A.; Bos, U.; Prakash, S.; Ugaya, C.; Beck, T. The guidelines for social life
cycle assessment of products: Just in time! Int. J. Life Cycle Assess. 2010, 15, 156-163. [CrossRef]

Dong, Y.H.; Ng, S.T. A social life cycle assessment model for building construction in Hong Kong. Int. ]. Life Cycle Assess. 2015, 20,
1166-1180. [CrossRef]

Fauzi, R.T.; Lavoie, P; Tanguy, A.; Amor, B. On the possibilities of multilevel analysis to cover data gaps in consequential S-LCA:
Case of multistory residential building. J. Clean. Prod. 2022, 355, 131666. [CrossRef]

Santos, A.C.; Mendes, P,; Teixeira, M.R. Social life cycle analysis as a tool for sustainable management of illegal waste dumping in
municipal services. |. Clean. Prod. 2019, 210, 1141-1149. [CrossRef]

Balasbaneh, A.T.; Sher, W. Life cycle sustainability assessment analysis of different concrete construction techniques for residential
buildings in Malaysia. Int. J. Life Cycle Assess. 2021, 26, 1301-1318. [CrossRef]

Zheng, X.Y.; Easa, S.M.; Ji, T; Jiang, Z.L. Modeling life-cycle social assessment in sustainable pavement management at project
level. Int. ]. Life Cycle Assess. 2020, 25, 1106-1118. [CrossRef]

Hossain, M.U.; Poon, C.S.; Dong, Y.H.; Lo, LM.C.; Cheng, ].C.P. Development of social sustainability assessment method and a
comparative case study on assessing recycled construction materials. Int. |. Life Cycle Assess. 2018, 23, 1654-1674. [CrossRef]
Bezama, A.; Hildebrandt, J.; Thran, D. Integrating Regionalized Socioeconomic Considerations onto Life Cycle Assessment for
Evaluating Bioeconomy Value Chains: A Case Study on Hybrid Wood-Concrete Ceiling Elements. Sustainability 2021, 13, 4221.
[CrossRef]

Liu, S.Y.; Qian, S.Z. Towards sustainability-oriented decision-making: Model development and its validation via a comparative
case study on building construction methods. Sustain. Dev. 2019, 27, 860-872. [CrossRef]

Liu, S.Y.; Qian, S.Z. Evaluation of social life-cycle performance of buildings: Theoretical framework and impact assessment
approach. J. Clean. Prod. 2019, 213, 792-807. [CrossRef]

Zheng, X.Y.; Easa, S.M.; Yang, Z.X,; Ji, T.; Jiang, Z.L. Life-cycle sustainability assessment of pavement maintenance alternatives:
Methodology and case study. J. Clean. Prod. 2019, 213, 659-672. [CrossRef]

Balasbaneh, A.T.; Yeoh, D.; Abidin, A.R.Z. Life cycle sustainability assessment of school window renovations against noise
pollution in tropical climates. J. Build. Eng. 2020, 32, 101784. [CrossRef]

Balasbaneh, A.T.; Yeoh, D.; Juki, M.I,; Gohari, A.; Abidin, A.R.Z.; Bin Marsono, A K. Applying three pillar indicator assessments
on alternative floor systems: Life cycle study. Int. ]. Life Cycle Assess. 2021, 26, 1439-1455. [CrossRef]

Osorio-Tejada, J.L.; Llera-Sastresa, E.; Scarpellini, S.; Morales-Pinzon, T. Social Organizational Life Cycle Assessment of Transport
Services: Case Studies in Colombia, Spain, and Malaysia. Sustainability 2022, 14, 10060. [CrossRef]

Arcese, G.; Lucchetti, M.; Merli, R. Social Life Cycle Assessment as a Management Tool: Methodology for Application in Tourism.
Sustainability 2013, 5, 3275-3287. [CrossRef]

Jorgensen, A. Social LCA—A way ahead? Int. . Life Cycle Assess. 2013, 18, 296-299. [CrossRef]


https://doi.org/10.1007/s11367-016-1044-6
https://doi.org/10.1007/s11367-011-0309-3
https://doi.org/10.1108/ECAM-06-2017-0096
https://doi.org/10.1007/s11367-013-0548-6
https://doi.org/10.1007/s11367-016-1166-x
https://doi.org/10.1007/s11367-020-01814-9
https://doi.org/10.3390/su12156211
https://doi.org/10.1162/qss_a_00018
https://doi.org/10.1002/nha3.20209
https://doi.org/10.1065/lca2007.11.367
https://wedocs.unep.org/bitstream/handle/20.500.11822/7912/-Guidelines%20for%20Social%20Life%20Cycle%20Assessment%20of%20Products-20094102.pdf?sequence=3&amp%3BisAllowed=
https://wedocs.unep.org/bitstream/handle/20.500.11822/7912/-Guidelines%20for%20Social%20Life%20Cycle%20Assessment%20of%20Products-20094102.pdf?sequence=3&amp%3BisAllowed=
https://doi.org/10.1007/s11367-014-0758-6
https://doi.org/10.3390/su6074200
https://doi.org/10.1007/s11367-013-0658-1
https://doi.org/10.1007/s11367-009-0147-8
https://doi.org/10.1007/s11367-015-0908-5
https://doi.org/10.1016/j.jclepro.2022.131666
https://doi.org/10.1016/j.jclepro.2018.11.042
https://doi.org/10.1007/s11367-021-01938-6
https://doi.org/10.1007/s11367-020-01743-7
https://doi.org/10.1007/s11367-017-1373-0
https://doi.org/10.3390/su13084221
https://doi.org/10.1002/sd.1946
https://doi.org/10.1016/j.jclepro.2018.12.200
https://doi.org/10.1016/j.jclepro.2018.12.227
https://doi.org/10.1016/j.jobe.2020.101784
https://doi.org/10.1007/s11367-021-01881-6
https://doi.org/10.3390/su141610060
https://doi.org/10.3390/su5083275
https://doi.org/10.1007/s11367-012-0517-5

Sustainability 2023, 15, 14569 19 of 19

41.

42.

43.

44.

45.

46.

Lagarde, V.; Macombe, C. Designing the social life cycle of products from the systematic competitive model. Int. J. Life Cycle
Assess. 2013, 18, 172-184. [CrossRef]

Chan, A.P.C; Oppong, G.D. Managing the expectations of external stakeholders in construction projects. Eng. Constr. Archit.
Manag. 2017, 24, 736-756. [CrossRef]

Neugebauer, S.; Traverso, M.; Scheumann, R.; Chang, Y.J.; Wolf, K.; Finkbeiner, M. Impact pathways to address social well-being
and social justice in SLCA—Fair wage and level of education. Sustainability 2014, 6, 4839-4857. [CrossRef]

Zanchi, L.; Delogu, M.; Zamagni, A.; Pierini, M. Analysis of the main elements affecting social LCA applications: Challenges for
the automotive sector. Int. ]. Life Cycle Assess. 2018, 23, 519-535. [CrossRef]

Pollok, L.; Spierling, S.; Endres, H.-J.; Grote, U. Social Life Cycle Assessments: A Review on Past Development, Advances and
Methodological Challenges. Sustainability 2021, 13, 10286. [CrossRef]

Backes, ].G.; Traverso, M. Application of Life Cycle Sustainability Assessment in the Construction Sector: A Systematic Literature
Review. Processes 2021, 9, 1248. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s11367-012-0448-1
https://doi.org/10.1108/ECAM-07-2016-0159
https://doi.org/10.3390/su6084839
https://doi.org/10.1007/s11367-016-1176-8
https://doi.org/10.3390/su131810286
https://doi.org/10.3390/pr9071248

	Introduction 
	Methodology 
	Data Collection and Research Screening Overview 
	Classification Framework 
	Scope 
	Functional Unit and System Boundary 
	S-LCA Indicators 
	Challenges 


	Results 
	Scope of the S-LCA Case Studies 
	Functional Units and System Boundaries in Case Studies 
	Nature of the S-LCA Indicators Used in the Selected Case Studies 
	Main Challenges of Social Life-Cycle Assessment 

	Discussion 
	Conclusions 
	References

