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Abstract: The construction industry is increasingly moving towards the adoption of sustainable
strategies and increased efficiency targets. Lean thinking (LT) aims at removing waste, increasing
value, reducing costs, and improving the overall quality of products and processes. Sustainability,
in turn, is concerned with the environmental, social, and economic impacts made by the construction
industry. Both philosophies share efficient resource usage concerns. A systematic literature review
(SLR) was carried out to cover the existing primary research and characterize its evolution and setting;
to discuss the available empirical evidence to identify the LT and sustainability benefits and trade-offs;
and to provide a holistic setting to promote those synergies. To catalyze the synergies between
LT and sustainability, this paper highlights the potential application of LT elements throughout
a building’s lifecycle. Knowledge synthetized is helpful for decision-makers to understand and
explore combinations of the performance-oriented LT philosophy for the provision of environmentally
responsive buildings.

Keywords: lean thinking; sustainability; construction; systematic literature review; framework;
lifecycle of buildings

1. Introduction

The recognition of the construction industry’s role as a major contributor to global environmental
impacts has increased the search for sustainable strategies and for environmentally responsive
buildings. However, there is a need to outline some guidelines in order to ensure that construction
projects will successfully reach expected results. Currently, sustainable strategies are often conditioned
to the idea of environmental attributes being incorporated into construction [1]. The isolated adoption
of sustainable strategies, such as using solar panels or green roofs, is often implemented through
a green certification in a timely and conditioned way. As a result, this has created an interest among
researchers to examine strategies to systemically incorporate sustainability.

Regarding sustainability, we consider the definition of sustainable construction, given by the
International Council for Research and Innovation in Building and Construction (CIB), as the
conception and development of a healthy construction process based on resource efficiency and
ecological design. The CIB has defined seven principles for sustainable construction: reduce resource
consumption, reuse resources, use recyclable resources, protect nature, eliminate rubbish, apply
lifecycle costing, and focus on quality [2].
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At the same time, organizations have also acknowledged the need for an approach that contributes
not only to the production of sustainable buildings, but mainly for optimizing the delivery process
and improving product quality as a whole. Lean Thinking (LT) is a potential approach for reaching
those goals while reducing environmental loads.

Lean philosophy dates back to the development of the Japanese Toyota Production System (TPS)
in 1940 [3]. To gain a competitive edge against the mass production of American companies after
World War II, TPS examined the company’s processes to eliminate waste, improve processes, and
enable the faster and more efficient delivery of products.

These positive impacts have attracted interest to specific literature and to linking LT to
environmental sustainability. These synergies are proven, since both approaches seek the reduction of
waste and prioritize cleaner production. Moreover, companies that adopt continuous improvement
tend to be more prone to implementing environmental practices [4]. Some researchers have explored
aspects of this promising applied research field, and have reported benefits including waste and cost
reduction, and environmental impact minimization, among others [5–12]. LT and sustainability are
complements, and the adoption of lean production practices leads to the reduction of the marginal
cost of environmental management and to the improvement of environmental performance [5].
Furthermore, lean and green concepts have in common additional attributes and synergies, such
as waste and waste reduction techniques, people and organizations, lead time reduction, supply chain
relationships, and key performance indicators (at a service level) [7,12].

The construction industry, in particular, lacks comprehensive research approaches to assist on
how to combine LT and sustainability to address its economical, societal, and environmental concerns.
As a matter of fact, few studies have depicted the synergies, benefits, and trade-offs between LT and
sustainability in the construction industry [13–15], and the relevant insights that have been provided
focused mostly on proposing and modeling relationships between the two concepts.

This paper systematically identifies LT-oriented elements that could be related to sustainability
concepts throughout a building’s lifecycle, and organizes them in a holistic framework to support the
catalysis of potential synergies. Specifically, we aimed at: (i) identifying relevant previously published
primary studies and categorizing them into the economic, social, and environmental dimensions of
sustainability; (ii) discussing the available empirical evidence to recognize benefits, synergies, and
trade-offs between LT and sustainable building; and (iii) providing a holistic framework to assist
decision-makers on promoting those synergies.

We therefore carried out a systematic literature review (SLR) to identify fundamental scientific
contributions to our research questions by revisiting published research that addresses similar or
identical hypotheses. SLRs are valuable for presenting knowledge that is not likely to be obtained
from the isolated reading of individual studies [16]. The synthesis capability resulting from combining
SLR and a meta-analysis process enhances the reliability of a study’s results [17].

Following this introduction, the study was divided into four parts. The next section describes
our methodological approach. The third section is devoted to classifying the literature into specific
research lines, and developing a conceptual framework for an integrative LT and sustainability
approach. Finally, the results are discussed, with reference to the practices used to boost sustainability
achievements and the gaps found in the literature. The conclusions focus on challenges that future
research should address.

2. Materials and Methods

Our SLR process was carried out according to the following steps: (1) planning, (2) conducting
the review, and (3) results reporting and dissemination [17] (Table 1).
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Table 1. Steps and phases of a systematic literature review (SLR).

Stage 1: Planning the review

Identification of the need for a review

Preparation of a proposal for a review

Development of a review protocol

Stage 2: Conducting the review

Identification of research

Selection of studies

Study quality assessment

Data extraction and monitoring progress

Data synthesis

Stage 3: Reporting and dissemination
The report and recommendations

Getting evidence into practice

Source: [17].

2.1. Planning the Review and Research Protocol

The established SLR protocol comprised information on the objectives, sample articles, search
strategy, and inclusion and exclusion criteria for performing the review. Our SLR began by selecting
relevant keywords to characterize the scope of the study. Proper keyword choice is critical to composing
the sample and ensuring that the search is complete and robust. Our choice was directed at identifying
the previous research on the process of integrating LT and sustainability in the building sector.
The databases selected for paper sampling were Compendex, ScienceDirect, Scielo, Scopus, and
Web of Science. Preliminary search trials suggested that using specific keywords would excessively
restrict the sample analysis. Thus, we simultaneously selected the key concepts with the highest
number of studies potentially adherent to the subject: ‘lean’, ‘sustain*’ (to include ‘sustainability’ and
its variations), and ‘construction’ (to limit the search to the construction industry).

2.2. Conducting the Review

The next step was data collection on the established state of the art to be defined: what is the
topic set to be studied; what are the synergies and trade-offs highlighted in the integration of ‘LT and
sustainability’; how have these two themes been integrated into the construction sector; and what gaps
and opportunities could be perceived.

Figure 1 shows the filtering process applied in the SLR sampling. Only papers published in
journals and international conferences were included, whilst the exclusion criteria eliminated papers:
(1) out of the construction industry scope; (2) not written in English, French, Portuguese, or Spanish;
or (3) not jointly addressing the LT and sustainability concepts.

We then applied the ‘snowball sampling’ technique [18] to complement the sample. This is
a non-probabilistic technique widely applied in qualitative and social studies, in which the initial
participants of a study indicate new members until a certain goal is reached [19]. Appropriateness to
theme and citation frequency within our initial sample guided the references’ extended search.

Next, we performed a quality assessment procedure, using a ten-question checklist [20]
(see Appendix A). Up to two points were assigned to each question, for a maximum possible score of
twenty points per paper. Articles that scored less than fourteen points or scored zero in three or more
questions were excluded, comprising a final sample of 48 articles (see Appendix B).

A database was subsequently created. The studies were then categorized into the triple bottom
line [21] by using the following procedure:

• Analysis of the research’s scope to identify the key aspects related to LT and sustainability in the
construction sector;

• Grouping key aspects of a similar nature; and
• Grouping lines of research based on the interrelationships found.



Sustainability 2017, 9, 1156 4 of 18

Sustainability 2017, 9, 1156  4 of 18 

 

Figure 1. Filtering process applied in our SLR sampling. 

3. Results and Discussion 

3.1. Descriptive Analysis of the SLR Findings 

The sample’s analysis provided an overview about: (1) the distribution of studies over time; (2) 

the countries leading and concentrating research on the topic; and (3) the preferred research 

dissemination vehicles. 

Figure 2 presents the number of the publications per year. Except for two articles published in 

1998 and in 2002, publications bloomed after 2005 and peaked in 2012, for which nine studies were 

registered. This finding clearly ratified our assumption that the integration of the lean philosophy 

and sustainability is still poorly researched within the construction industry. 

 

Figure 2. Number of publications per year, between 1998 and 2016. 

Figure 1. Filtering process applied in our SLR sampling.

3. Results and Discussion

3.1. Descriptive Analysis of the SLR Findings

The sample’s analysis provided an overview about: (1) the distribution of studies over time;
(2) the countries leading and concentrating research on the topic; and (3) the preferred research
dissemination vehicles.

Figure 2 presents the number of the publications per year. Except for two articles published in
1998 and in 2002, publications bloomed after 2005 and peaked in 2012, for which nine studies were
registered. This finding clearly ratified our assumption that the integration of the lean philosophy and
sustainability is still poorly researched within the construction industry.
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The United States clearly concentrates research in this subject: over 40% of the collected
studies collected in our SLR were produced by US-affiliated authors (Figure 3). Australia, Brazil,
the United Kingdom, Chile, and New Zealand follow the American lead, and together represent 37%
of published studies.
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3.2. Lean and Sustainability Synergies

To recognize patterns and synergies in the evidence base, we first identified studies that support
the integration between LT and sustainability or that suggested a conditional relation between these
concepts. Next, we categorized the research topics according to the sustainability triple bottom
line, i.e., financial influence; human well-being; and environmental interactions resulting from the
sustainable building delivery process.

3.2.1. Environmental Sustainability

Earlier research has already established a complementary and synergistic relationship between
LT and sustainability in the construction sector [13,14,22–24]. Lean and green adopters have in
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common the pursuit of delivering high performance projects that focus on waste reduction, value
delivery, and cost reductions [13]. Answers about how the adoption of lean tools and methods affects
the construction and operation of green facilities were provided by [14], whereas the interactions
between green guidelines for construction, considering green building certification criteria and Lean
Construction (LC) principles, were outlined in [23]. As reported in [24], the use of lean principles also
made it possible for a Leadership in Energy and Environmental Design (LEED) certificate building to
cost no more than a conventional building with similar characteristics [24]. Moreover, these studies
have shown that lean principles act as catalysts to improve sustainability attributes. Most notably, LT
and sustainability share a common focus on waste reduction, despite differing in their emphases [25].
While lean principles focus on process waste reduction and maximum value generation, sustainability
addresses resource minimization, systems optimization, and wasteful construction practices [26].

The empirical evidence also shows that LT and sustainability are congruent as to eliminating
non-value-generating activities, which would unnecessarily increase environmental impacts [27]. For
example, reducing superfluous material usage reduces energy consumption and generates less waste.
Despite this, eliminating what LT considers waste does not necessarily result in improved environmental
performance [28]. Although LT indeed creates opportunities to boost sustainability, the difficulty in
understanding and quantifying the impacts of LC methods hampers its acceptance by stakeholders [14].

Whist no significant relation between LT and environmental performance was reported by [29],
other studies argue that LT can be actually detrimental to it [14,30,31]. Examples include just-in-time
production, which allows contractors to minimize buffers [32] and reduce the various sources
of extra inventory, but may increase volatile organic compounds and CO2 emissions due to the
frequent transport of inventory and materials [14]. On the positive side, adopting green practices
typically increases the initial budget, but LT applications in construction may positively counteract
to reduce waste-related costs [33]. Since the lean philosophy ultimately aims at delivering value
to the customer, [28] highlighted a conditional relationship: LT does not always result in positive
environmental impacts, but can rather contribute to achieve sustainability goals, whenever this is
perceived as valuable.

3.2.2. Economic Sustainability

Green certification costs are one of the barriers to building more sustainably. The captured studies
on the subject stated that certifications costs ranged from 0 to 21% [34]. We identified some relevant
studies concerned with investigating the relationship between the costs of conventional buildings
and more sustainable buildings [35–40]. The economic and financial aspects of green buildings have
been covered [36], however the positive association of green attribute investment with the increase
of building costs has been challenged [40]. With similar purposes, some research initiatives already
identify LC methods as enablers of initial cost reduction and waste elimination [33,41,42]. Sustainability
efforts have correlated with the reduction of building waste, thus yielding cost savings [33]. Integrated
design and detailing competencies were also recognized as drivers of first cost savings and operating
efficiency improvements [41].

The reviewed literature also showed some opportunities to simultaneously improve the
construction process and minimize its associated costs. For example, Value Stream Mapping (VSM) is
an important tool to make the construction process more transparent and to improve the process of
production by working to eliminate economic waste [28]. Kaizen—the Japanese term for ‘continuous
improvement’—is another resourceful lean practice tool for pursuing sustainable values, not only
for social and environmental purposes, but also for economic ones [28]. Target Costing (TC), a lean
method used in the construction industry to allocate the construction budget to areas or functions
that are most valued by the costumers, is only examined for sustainability purposes by [34], who
mostly discuss the green premium associated with sustainable buildings. The TC method should be
used to prevent an unnecessary increase in facility performance and resource wastage by pre-defining
functions, capacities, and specifications [28].
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Explicit references on how to achieve successful and economically sustainable facilities have not
yet been identified in the literature. In fact, one study found that the cost of green practices brought an
increase of 1.32% in the initial budget, whilst the lean savings represented a 0.19% cost reduction [33].
Despite the cost reduction being unrepresentative in relation to the total cost of the project (around
14% of the green building certification investment), the savings considered reducing the materials
losses only. Therefore, one might infer that completely analyzing the lean applications would result in
higher savings.

3.2.3. Social Sustainability

The social dimension of sustainability is possibly the major factor within the construction industry.
Within the construction chain, three stakeholder groups bear different values: owners, users, and
society. However, social aspects are usually considered only if they are requested by the owners or by
the one who pays for certain requirements. As a result, interests from the society perspective are often
not taken into account.

In this regard, the aspect that has received the greatest attention is the potential given by the
lean perspective to expand the typical customer-focused perspective to cover broader aspects, and to
focus on value generation to society [42,43] perceived as an expanded idea of the ‘potential customer’.
The possibility of developing a construction strategy that delivered value to society was demonstrated
through a case study of social housing projects in Chile [43].

It is also difficult to measure the social impacts of facilities on humans [28]. In this sense, some
studies show, through lean practices, how it is possible to not only consider social impact but also
measure it [15,27,43–45] through matrix and checklist techniques to address the evaluation of lean,
green, and wellbeing actions at building sites [45]. A matrix correlates social, environmental, and
economic indicators to LC principles to exemplify sustainable processes’ management contributions to
a society and economy [15]. These studies show how LC as a practice focused on social responsibility,
and when committed to the work environment can potentially fill gaps that sustainable practices alone
are unable to cover.

3.2.4. Synergies Found between LT and Sustainability

This study registered forty-six synergies found in the reviewed literature, clustered in accordance
with the triple bottom line of sustainability (Table 2).

Table 2. Lean and sustainability synergies: environmental, economic, and social dimensions.

Sustainability Dimensions Main Synergy

Environmental

Reduced waste; reduced energy consumption; reduced water usage; reduced carbon
emission; reduced environmental impacts; improvement in sustainable innovation;
improvement in environmental quality; contributes to a holistic view of sustainability
issues; increased energy efficiency; material recycling; greater ecological credibility.

Economic

Reduced cost and lead time; increased productivity; increased constructability;
avoided design “busts” for a facility; reduced risk of rework and/or subpar facility
performance; reduced inventory related cost; reduced initial costs; increased
sustainable competitive advantage; improved corporate image; improved process flow;
increased compliance with customers expectation; optimized resource usage; process
optimization; continuous improvement; improved building performance; reduced
process variability; breaking barriers; improved product; improved decision-making
process; increased value creation; increased flexibility and adaptability; eased
compliance with the requirements for maintenance; increased reliability of facilities;
improved quality; transparency.

Social

Improved health and safety working environment; increased employee morale and
commitment; work environment clean and organized; improved workflow;
minimization of conflicts; improved social performance; local development; enhanced
relationship with community; improved relationship among stakeholders; wellbeing.
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3.3. Reported Integration between Lean and Sustainability

Most studies focused on the integration of LT and sustainability referred to building design or
construction, with a clear shortage of information on the remaining life cycle stages. The construction
phase, when wastes are measurable and tangible [15], was particularly emphasized. These outcomes
are understandable, since the lean philosophy was devised in the manufacturing environment, and the
terms ‘Lean Production’ and ‘Lean Manufacturing’ obviously target the production phase. LT-inspired
tools developed for the construction industry were therefore naturally directed to design and
construction (‘Product’ stage) problem-solving, and the ‘Use’ and ‘End of life’ stages remain uncovered.

Some studies tried to insert sustainability into the lean concept to integrate their benefits. Recently,
more studies have introduced the environment as a lean customer [22,25,26]. They discuss how to
achieve sustainability and at the same time guarantee value for the various construction stakeholders
and the environment.

An empirical study compared LC principles with building performance criteria embedded
in LEED NC®, one environmental rating system [23]. Although both concepts reduce waste and
encourage improvements to buildings, the low interaction found (12.68%) is influenced by the
conceptual differences between the environmental rating system and LC. For example, the normative
character of the certification tool does not allow the flexibility valued by LC. Moreover, LEED NC®

does not focus on improving processes, working conditions, and safety during building conception
and construction. These two philosophies can be yet used in a complementary manner to improve
building delivery processes [23].

The authors in [15] also proposed a matrix based on the eleven principles of lean proposed by [46]
in his report to the Center for Integrated Facility Engineering (CIFE), as well as the sustainability
indicators and guidelines for the processes of organizations published by Global Reporting Initiatives
(GRI). The findings showed that sustainability has an impact on lean principles [15]. Despite the
low interaction (13.5%) between LC principles and sustainability indicators, the study recognizes a
common agenda in improving processes, reducing wastes, continuous improvement, and marketing
issues [15]. The authors also highlight the importance of setting sustainable goals that go beyond
environmental initiatives towards social and economic sustainability [15].

One study shows that construction industry professionals believe that lean and sustainability
are different, not simply relatable, approaches [47]. The interviewees stated that the two concepts can
be applied together, but it is not a synergistic relationship. Conversely, a study on the application of
lean, green, and wellbeing principles in site layout managing pointed out that integrated management
actions improved sustainability by 79%, 64%, and 49% in the cases studied [45].

3.4. Integrative Framework Definition

After reporting results on the synergies and trade-offs in the integration between LT and
sustainability in the construction industry, we proceeded with an SLR result extraction to structure our
conceptual framework depicting ‘LT and sustainability’ integration.

Six synergies were most frequently cited in the reviewed studies: (i) waste reduction; (ii) reduced
cost and lead-time; (iii) increased value creation; (iv) optimized resource use; (v) reduced energy
consumption; and (vi) improved health and safety (Figure 5). Waste reduction was the most cited
synergy, corroborating results from [48], which surveyed the UK’s construction sector professionals.
However, is important to mention that, from the lean perspective, ‘waste reduction’ refers to reducing
and/or eliminating activities that do not add value to the customer, while from the sustainability point of
view, it is related to resources savings.

As to distribution of LT elements across the literature sample, Prefabrication [17 mentions], Value
stream mapping and Just-in-time [11 mentions each], and Kaizen [10 mentions] had the highest
occurrence frequencies registered by the SLR (Figure 6).
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Figure 6. Distribution of Lean Thinking (LT) elements in the literature reviewed (48 papers). Whenever
a paper mentioned multiple elements, all of them were computed and totalized 115 mentions.

We then created a lifecycle map of the principles, tools, methods, and methodologies (here simply
referred to as ‘LT element’) used in the literature, to evaluate how they interact over the lifecycle
stages of a building. LT and sustainability approaches were originally developed in distinct fields
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of study and practice, with proper forms of classification and application. They, therefore, address
the construction flows differently. A traditional life cycle process can be divided, for example, into
pre-design, schematic design, design development, construction documents, bidding, construction,
closeout, and operation [49]. The lean philosophy, in turn, looks at construction from business,
design, job site, supply, and maintenance flows perspectives [50]. Given these varied approaches,
for an appropriate mapping of an integrative tool application, we adopted the definition according
to [51], as follows:

• Product stage: encompasses all steps relating to the product development phase with regard to
the raw material supply, transport, and manufacturing;

• Design process: includes planning, managing, pre-design, schematic design, design development,
conceptualization, criteria design, and detailed design activities;

• Construction process: covers all activities of planning, managing, transportation, supply,
installation, assembly, construction, and operation;

• Use stage: use, maintenance, repair, replacement, and refurbishment activities;
• End of life stage: includes activities related to demolition, transportation, waste processing,

and disposal.

Based on the top six synergies most frequently cited in our review (Figure 5), we shaped our
findings into a framework, which delivers a holistic and integrative perspective on current LT and
sustainability (Figure 7).
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Figure 7. Lifecycle mapping of LT elements along a building’s lifecycle, considering the top six synergies
found in the SLR: waste reduction (process and materials); reduced cost and/or lead time; increased
value creation; resource optimization; reduced energy consumption; and improved health and safety.
For reference purposes, ‘x’ represents elements related to less frequently mentioned synergies.
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The framework is aimed at assisting decision-makers in AEC companies to choose the most
appropriate LT elements for optimizing sustainability results in the targeted building’s lifecycle stage,
based on the reported research evidence. Nonetheless, our framework valuably organizes information
and clarifies several key points. Firstly, five groups of instruments were clearly defined, based on
their coverage of a building’s lifecycle (Figure 7): (1) Product stage only; (2) Construction stage only;
(3) the Design and Construction stages; (4) the Design to Use stages; and (5) the Design to End of
Life (EOL) stages. The LT elements most comprehensive in terms of their span within a building lifecycle
were ‘Just-in-time’, ‘Kaizen’, ‘Integrated design’, ‘Kaikaku’, and ‘Concurrent Engineering’. Despite the
latter’s potential to be applied in most of the lifecycle, it received little attention from the literature.

Secondly, the LT elements most complete in scope, covering at least four out of the six most
frequent synergies, were ‘Integrated product teams, ‘Value stream mapping’, and ‘Integrated Building
Process Model’. Finally, the LT elements most cited in the reviewed literature were ‘Prefabrication’,
‘Value stream mapping’, ‘Just-in-time’, and ‘Kaizen’. This means that: (i) except for ‘Value stream
mapping’, the most used LT elements are actually the least complete in scope; (ii) those elements
that span along the lifecycle do so by exploring a fraction of the needed interaction with sustainable
building goals; and (iii) a combination of elements covering the product and EOL stages, with others
emphasizing the design and construction (e.g., ‘Value stream mapping’) and design-to-use stages
(e.g., ‘Integrated building process model’), can maximize the benefit of applying LT to catalyze
sustainable building qualities.

By mapping the LT elements adopted by the construction industry, we also confirmed our
assumption that the use and end of life stages have substantial room for improvement, and have
so far been covered by few elements, which are incomplete in scope and cover no more than three
potential synergies at a time. A second group of elements is less comprehensive regarding lifecycle
stages, but is more robust in scope. The ‘Integrated building process model’ is more complete but
less mentioned, possibly for being a promising, relatively novel practice with a high difficulty level
of implementation. Conversely, ‘Value stream mapping’ is very complete and frequently mentioned
in the literature, which suggests it might be gaining traction in construction applications. It could be
combined with specific elements dedicated to the health/safety concerns left uncovered.

4. Conclusions

The main motivation of this paper was to seek synergies between LT and sustainability,
considering the lifecycle of buildings. As in any study, our research work is not exempt from limitations.
The main restriction relates to the realization of SLR itself, since the process of refining studies, inclusion
criteria, and sources of exclusion are not immune to subjectivity and bias. However, the SLR synthesis
provided a new and more comprehensive perspective on the subject, which were not achievable from
the appraisal of the results of each study in isolation.

Prior works have focused mostly on identifying LT and sustainability benefits, synergies,
and trade-offs. Our framework provides a holistic view of LT and sustainability integration to assist
decision-makers in the construction industry. To our knowledge, this is a novel study, which advances
the prescription of LT elements as catalysts of sustainability over a building’s lifecycle according to
synergies identified in published evidence.

We found that the published studies have different positions about the integration and synergies
between LT and sustainability concepts. However, most papers converge over the idea that LT
and sustainability focuses on waste reduction and maximum value generation. Other studies
show that adopting LT elements does not necessarily improve and may even harm environmental
performance. These contradictions might be explained by the fact that sustainability is strongly
influenced by decisions made during conception and design, while LT has still mainly focused
on the construction stage of projects by the prescription of lean techniques and tools. Another
possible explanation stems from the fact that LT-oriented customers have sometimes a different
mindset compared to sustainability-oriented ones. While LT focuses on meeting the customer’s values
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whatever they may value, the sustainability envisions value generation to society, perceived as a
broader potential customer.

The evaluation of previous work also shows a gap in research about the social and economic
lines of inquiry. Key social performance metrics are needed to provide opportunities for impoverished
communities. In the economic area, the full potential of LT should be explored to ensure a profit
margin while at the same time delivering sustainable value to the customer.

Our findings from SLR were synthesized in a holistic framework that makes easy an
understanding of the applications, potential improvements, and fields to explore regarding the
synergies between LT and sustainable buildings. The framework valuably organizes the information
and clarifies key points, such as the fact that the most used LT elements are actually the least complete
in scope. Finally, it can guide and facilitate selecting the most appropriate LT element or combination
of instruments for targeted lifecycle stage(s).
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Appendix A

Table A1. Checklist for quality assessment criteria.

Number Question

1 How credible are the findings? If credible, are they important?

2 How well does the evaluation address its original aims and purpose?

3 How defensible is the research design?

4 How well defined are the sample design/target selection of cases/documents?

5 How well was data collection carried out?

6 How well has the approach to, and formulation of, analysis been conveyed?

7 How well are the contexts and data sources retained and portrayed?

8 How clear are the links between data, interpretation and conclusions—i.e., how well can
the route to any conclusions be seen?

9 How clear and coherent is the reporting?

10 How adequately has the research process been documented?

Source: adapted from [20].

Appendix B

Table A2. The 48 papers composing the final SLR sample.

Papers

Ahuja, R. Sustainable construction: Is lean green? In Proceedings of International Conference on Sustainable Design,
Engineering, and Construction, Fort Worth, TX, USA, 7–9 November 2012; American Society of Civil Engineers
(ASCE): Reston, VA, USA, 2013; pp. 903–911.

Arroyo, P.; Tommelein, I. D.; Ballard, G. Deciding a sustainable alternative by ‘choosing by advantages’ in the
aec industry. In Proceedings of 20th Annual Conference of the International Group for Lean, San Diego, USA,
18–20 July 2012.

Bae, J.W.; Kim, Y.W. Assessing the environmental impacts of lean supply system: A case study of rebar supply
in high-rise condominium construction projects. In Proceedings of construction Research Congress, Seattle, CD,
USA, 5–7 April 2009, American Society of Civil Engineers (ASCE): Reston, VA, USA, 2009; pp. 1009–1018.
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In Proceedings of Architectural Engineering Conference (AEI), Denver, CO, USA, 24–27 September 2008,
American Society of Civil Engineers (ASCE): Reston, VA, USA, 2008, pp. 1–10.
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Enache-Pommer, E.; Horman, M. Greening of healthcare facilities: Case studies of children’s hospitals.
In Proceedings of Architectural Engineering Conference (AEI), Denver, CO, USA, 24–27 September 2008,
American Society of Civil Engineers (ASCE): Reston, VA, USA, 2008, pp. 1–10.

Golzarpoor, H.; González, V. A Green-Lean Simulation Model for Assessing Environmental and Production
Waste in Construction. In Proceedings of 21th Annual Conference of the International Group for Lean
Construction, Fortaleza, Brazil, 31-2 August 2013, pp. 885–894.
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