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ABSTRACT 
In recent years, sustainability management has become very important in order to achieve 
the goal that present and future generations can live in a better world, where economic, 
social and environmental aspects are balanced in harmony. On the other hand, there is a 
large amount of literature that shows that the application of Lean tools improves the 
indicators of work accidents and optimizes the management of resources in the project 
life cycle, making them more sustainable. In fact, experiences of the application of Lean 
principles and sustainable tools have been disseminated, but few studies have addressed 
a proposal for a framework or methodology that systematically integrates both 
approaches. This article presents a review of the literature of the main studies that address 
the implementation of Lean principles and environmental sustainability management. and 
proposes a model for evaluating sustainable management performance in building 
projects where Lean tools are implemented. The methodology used is based on a literature 
review, in which information was gathered from the documents of the International 
Conference on Lean Construction (IGLC) and a set of specialized journals on the topics 
of Lean Construction, Sustainable Management and key performance indicators 
(KPIs).This document aims to develop a model for evaluating the performance of 
Environmental sustainability, integrating Lean Construction and Sustainable 
Management in buildings, using the Delphi method, to reduce damage and unnecessary 
use of natural resources. 
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INTRODUCTION 
In the literature review, Lean principles and practices are discovered to facilitate the 
achievement of environmental objectives (Vinodh et al. 2011). Thus, there is research on 
the level of integration or synergy between the implementation of the Lean philosophy 
and the management of sustainability, to carry out an evaluation of the environmental 
performance of construction projects. Although some authors have shown that the 
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implementation of a range of Lean practices and tools have a positive effect on 
environmental variables (Moreira et al. 2010, Vinodh et al. 2011), the results are still 
inconclusive, both positive (Florida 1996, King and Lenox 2001) and negative 
(Rothenberg et al. 2001). Lean construction and sustainability are two philosophies, 
which emerged in different contexts, where their application was independent. However, 
there are currently studies that show that they are complementary (Carvajal et al. 2019, 
Francis et al. 2019, Dües et al. 2013) and that their integration achieves environmental 
benefits in projects (Martinez 2014, Khodeir and Othman 2016), since their synergy 
allows the optimization of resource management in all project phases (Martínez 2014, 
Dües et al. 2013).  

The purpose of this research article is to present a model for evaluating the 
environmental sustainability performance of building projects, which integrate Lean 
philosophy and sustainability management, through the key performance indicators (KPI) 
and the use of the Delphi method. 

RESEARCH METHOD  
This study was developed based on a literature review of already published empirical and 
theoretical studies. The first stage involved the selection of magazines and publications 
containing topics related to Lean Construction, sustainable management and performance 
indicators, in order to identify what was most related to the field of this study. The 
conference proceedings of the International Lean Construction Group were included as a 
source of data, since there is published research that explains the influence of the 
implementation of Lean Construction on the reduction of damage and unnecessary use of 
natural resources. Finally, after an exhaustive review of the scientific literature associated 
with the key performance indicators, 50 scientific publications associated with the 
practices of LC, sustainability and/or the key performance indicators (KPIs) were 
compiled, with a focus on the different stages of the life cycle. The summary is shown in 
Table 1. 

INTEGRATION OF LEAN CONSTRUCTION AND SUSTAINABILITY  
The construction industry has the responsibility to contribute to the sustainable 
development of its projects, so it must embrace sustainability management in all phases 
of the project life cycle. There is a framework for managing the sustainability of projects, 
but it is necessary to establish that it not only involves the environmental factor, but also 
the economic and social categories (Ogunbiyi et al. 2014, Kibert 2016, Torres 2014, 
Solaimini 2019). However, it is important to indicate that the delimitation of this study 
corresponds to the evaluation of the environmental sustainability performance of building 
projects. Likewise, the Lean Construction philosophy aligned with the principles of Lean 
production, focuses on the implementation of tools and methodologies to improve 
production levels and minimize waste, thereby contributing to less use of natural 
resources (Koskela et al. 2002). Lean construction and sustainability are two 
philosophies, which emerged in different contexts, where their application was 
independent. However, there are currently studies that show that they are complementary 
(Carvajal et al. 2019, Francis et al. 2019, Dües et al. 2013) and that their integration 
achieves environmental benefits in projects (Martínez 2014, Khodeir and Othman 2016, 
Brioso and Patricio 2017, Brioso 2011), since their synergy allows the optimisation of 
resource management in all project phases (Martínez 2014, Dües et al. 2013).  
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Table 1: Articles included in the literature review 

N°  Authors  N°  Authors  

1 Alarcón (1996) 26 Khanzadi et al. (2018) 

2 Alarcón (2012) 27 Khodeir et al. (2018) 

3 Ali (2009) 28 Kylili (2016) 

4 Alwear (2009) 29 Lam et al. (2010) 

5 Bajjou (2018) 30 Latorre et al. (2010) 

6 Banihashemi et al. (2017) 31 LCI (2018) 

7 Bassioni et al. (2004) 32 Li et al. (2019) 

8 Babalola (2018) 33 Maradzano (2019) 

9 Butcher (2010) 34 Martínez (2014) 

10 Carvajal et al. (2019) 35 Nasir et al. (2012) 

11 Chan and Tam (2000) 36 Novak et al. (2012) 

12 Chan (2004) 37 Orihuela et al. (2016) 

13 Chan (2009) 38 Pitt and Tucker (2008) 

14 Cheung (2004) 39 Radujkovic et al. (2010) 

15 Constructing Excellence (2011) 40 Ramirez et al. (2004) 

16 Cox et al. (2003) 41 Rankin et al.(2008) 

17 Dawood (2010) 42 Ruoyu et al. (2019) 

18 Dwaikat (2018) 43 Saieg et al. (2018) 

19 Francis et al. (2019) 44 Shahin (2007) 

20 Hamel and Prahalad (1994) 45 Skibniewski (2009) 

21 Hammes et al.(2019) 46 Solaimini (2019) 

22 Horman et al. (2004) 47 Torres (2014) 

23 Hussain et al. (2019) 48 Yeung et al. (2013) 

24 Isa et al. (2018) 49 Zhang et al. (2014) 

25 Jamil and Fathi (2016) 50 Wu et al. (2013) 

 

Likewise, there are different investigations that show the synergy between the 
productivity and sustainability management systems, for example: (1) The Lean 
Construction philosophy and sustainable management seek to minimize waste and 
increase the efficiency of the project, considering Since each system has a different 
approach, the Lean philosophy presents results in short periods of time, while sustainable 
construction management is long-term, throughout the life cycle of the building project 
(Horman et al. 2004) . (2) The sustainability category and the Lean philosophy are 
compatible because, by reducing the use of energy and prioritizing environmental care, it 
allows reducing waste in the long term (Rothenberg et al. 2011). (3) Sustainability 
practices are the consequence of the application of the Lean philosophy in the 
construction phase of the project. (4) Lean Construction and sustainability 
implementations are compatible, therefore, companies that implement them in an 
integrated way could improve their efficiency and productivity indicators (Golzarpoor et 
al. 2013, Kim et al. 2007). (5) The level of integration between Lean philosophy and 
environmental sustainability is positive, because it reduces the indiscriminate use of 
resources and environmental pollution, by eliminating waste as much as possible and 
generating added value for the customer in form of lower environmental impact (Huovila 
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and Koskela 1998, Riley et al. 2005, Sertyesilisik 2014, Solaimani and Sedighi 2019). 
(6) Both philosophies aim at waste reduction. Although each defines the term "waste" 
differently, both aim to eliminate excessive waste (waste considered in its broadest form) 
(Dües et al. 2013). (7) The Lean philosophy can help optimize the overall sustainability 
performance of the supply chain at different stages of construction and improve 
stakeholder engagement (Solaimini, 2019). (8) The implementation of Lean construction 
practices during the construction project generates positive effects on sustainability.  

KEY SUSTAINABILITY PERFORMANCE INDICATORS (KPIS) 
The literature shows that knowledge of key sustainability performance indicators plays a 
more important role than social and cultural incentives in their integration with project 
management practices (Zhang et al. 2014). As a popular proverb states, "If you can’t 
measure it, you can’t improve it" (Hamel and Prahalad 1994). The revolution in 
performance measurement has spread to many disciplines, including construction 
(Bassioni et al. 2004, Pitt and Tucker 2008). Fundamental studies revealed that time, cost 
and quality form the basis of these construction KPIs (Chan and Chan 2004). Recently, 
other factors such as safety (Chan et al. 2004) and sustainability have also been included 
(Lam et al. 2010). Environmental" KPIs are increasingly recognized as important aspects 
of the global sustainability agenda (Latorre 2010). The report by (Constructing 2011), 
revealed that environmental KPIs are making progress. The importance of measuring the 
performance of construction projects has led to several studies: for example, Alarcón 
(1996) proposes performance measurement classified by cost, expected value and 
effectiveness. At the same time, a study that aimed to identify critical factors of practices 
implemented in construction projects, found that by including an integrated model of key 
sustainability performance indicators, it enables a more sustainable construction industry. 
The most accepted indicators being those that allow physical measurement (Banihashemi 
et al. 2017, Cox et al. 2003). Finally, the evaluation and quantification of the performance 
of construction projects allow us to establish the level of success of the project in the 
terms in which it is being evaluated, for example, in this study we cover the evaluation of 
the performance of the environmental sustainability of the construction project. 

LIFE CYCLE OF THE PROJECT 
The construction industry represents an irreversible environmental impact on the natural 
environment, related to the consumption of resources, the use of energy and the 
generation of waste (United Nations Environment 2018). Therefore, it is necessary to 
address sustainable construction in the different phases of the project life cycle, that is, to 
help: (1) the reduction of energy consumption, (2) the reduction of waste, (3) the reduction 
of emissions into the atmosphere and (4) reuse and recycling (Carvajal et al. 2019).In the 
construction industry, there is a need to increase the performance of the construction 
process. Construction organizations are adopting various approaches (Hussain et al. 2019) 
such as ecological, Lean, life cycle assessment (LCA) and Six Sigma to increase 
sustainability (Dahlgaard et al. 2006), productivity (Ullah et al. 2017) and project quality 
(Dwaikat et al. 2018) and decrease life cycle cost (Chugani et al. 2017), manage project 
delays (Bajjou et al. 2018) and reduce waste.  

Solaimani et al. (2019), indicate that it is important to analyze construction projects 
considering their complete life cycle and not only covering the construction phase, the 
following is an analysis of the different phases of a project: 
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DESIGN AND PLANNING  
The design phase is essential when it comes to setting environmental care objectives, 
since proper planning generates less use of resources. Likewise, the modular design that 
divides the project into work blocks can be promoted (Ghosh and Robson 2015, Hansen 
and Olsson 2011). The result appears to allow for more environmentally conscious design 
and planning, for example, contractors are encouraged to consider concrete recycling 
earlier in the design stage (Song and Liang 2011). 

CONSTRUCTION AND DELIVERY  
In the design and subsequent planning phase, the identification of key drivers of resource 
waste appears to be critical (Senaratne and Ekanayake 2012, Wu et al. 2013). In the design 
and subsequent planning phase, identifying the key drivers of resource waste appears to 
be critical (Senaratne and Ekanayake 2012, Wu et al. 2013). Therefore, it is necessary to 
redesign the current way of working in the construction industry, to achieve a low level 
of carbon emissions, through low inventory, continuous workflow, monitoring and 
regulating energy consumption to achieve zero net rating (Ladhad and Parrish 2013), 
reduce delivery time and minimize storage, while releasing less CO2. 

The stages of construction and use, of the project life cycle, are associated with a 
greater impact on the environment. Therefore, the implementation of Lean Construction 
practices and sustainability management is necessary, since they produce positive effects 
on the environmental sustainability of the projects. However, there is little evidence on 
efficient integration for achieving Environmental sustainability during the construction 
and use phases of the Project (Carvajal et al. 2019). 

DELPHI METHOD  
The Delphi method seeks to obtain reliable group opinion from information provided by 
a panel of experts (Alshubbak et al. 2015), who are asked their individual views on 
various topics in a systematic and interactive way (Linstone and Turoff 1975). The data 
are obtained through a series of questionnaires. Through these questionnaires, the experts 
make their estimates anonymously in successive rounds in order to achieve maximum 
consensus while maintaining maximum autonomy of the participant (Cortés et al. 2012). 
The questionnaires can be distributed in person, by e-mail or on the Internet. The study 
leader or facilitator selects the experts according to a predefined pattern, develops 
questionnaires, analyzes the responses, and draws conclusions (Alshubbak et al. 2015).  

The literature review has identified that the Delphi Method has been used to evaluate 
performance using indicators, including sustainable management indicators, in 
companies that can apply the Lean Construction philosophy (Luna et al. 2017, Arriola et 
al. 2018). On the other hand, many experts working in the public or private sector have 
contractual confidentiality restrictions for participating in surveys or face-to-face 
decision-making methods.  

For these reasons, in this research, we will propose a model for performance 
evaluation of building projects that uses the Delphi method, leaving aside the fact that the 
model can be adapted to any collaborative and face-to-face decision-making method.  

PROPOSAL OF PERFORMANCE EVALUATION MODEL  
The proposed model comprises the following processes: (1) Identify the objective of the 
research, (2) Propose a methodology for evaluating the sustainability performance of 
building projects, (3) Validate the proposed methodology, (4) Apply the tool generated, 
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(5) Evaluate results, (6) Report results. Figure 1 shows in graphic form the methodology 
described for the evaluation of Peruvian projects. The processes of the research 
methodology are explained next. 

 

Figure 1: Processes of the research 

IDENTIFY THE OBJECTIVE OF THE RESEARCH  
At the beginning, the purpose of the research must be identified.  

PROPOSE A METHODOLOGY FOR EVALUATING THE SUSTAINABILITY 

PERFORMANCE OF BUILDING PROJECTS  

After identifying the objective of the research, an initial proposal is intended for the 
evaluation of the sustainability of building projects through the measurement of key 
performance indicators (KPI’s). Then, with the help of collaborating companies and the 
analysis of existing literature. Figure 2 graphically shows the procedure described. 

 

Figure 2: Propose an evaluation research 
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VALIDATE THE PROPOSED METHODOLOGY  
Once the proposal for the evaluation of the building projects has been established, a 
Delphi study is applied to revalidate the proposed tool, which allows the evaluation of 
sustainability performance of building projects, through the use of key performance 
indicators (KPI’s). A flow chart that summarizes the methodology is shown in Figure 3. 

 

Figure 3: Validate the proposed methodology (Delphi Study) 

APPLY THE TOOL GENERATED 
After validating the proposed tool through the Delphi study, the sustainability 
performance evaluation methodology is applied to building projects in Peru, in order to 
obtain quantitative results in relation to their key performance indicators of sustainability 
(KPI’s). Figure 4 shows a flow chart that allows a better understanding of the procedures 
followed in this section. 

 

Figure 4: Apply the tool 
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EVALUATE RESULTS 
After applying the evaluation tool to the different building projects, we proceed to 
evaluate the results obtained, to finally issue an evaluation report. 

REPORT OF RESULTS 
The results obtained for the different projects are analyzed, and if deficient management 
practices are detected, improvement alternatives are suggested in order to optimize the 
sustainability performance of the building projects. 

CONCLUSIONS  
Several studies related to Lean Construction and sustainable management have been 
carried out, particularly in the construction phase. The literature review conducted 
indicated that the number of documents focusing on how Lean Construction has been 
used as a strategy for the reduction of damage and unnecessary use of natural resources 
used in buildings is relatively limited because its application is relatively new.  

Regarding the proposed performance evaluation model, recent studies were found 
where the participation of stakeholders to validate the indicators proposed for the 
evaluation is fundamental, especially with the use of the Delphi method (Luna et al. 2017, 
Arriola et al. 2018). This is because the opinion of various specialists in the public or 
private sector may be contractually limited by confidentiality clauses, so the application 
of the Delphi method is ideal for ensuring the anonymity of contributions. In any case, 
the proposed model can be adapted to other collaborative decision-making methods of 
group and open participation. 

The main contribution of this document is that it meets the objective of providing a 
state of the art in the integration of Lean Construction and Sustainable Management in 
buildings that apply Lean tools, and includes a model for evaluating environmental 
sustainability performance through key performance indicators (KPI’s) and the use of the 
Delphi method.. Also, the article encourages the application of the Lean Construction 
philosophy, starting with the tools of the Last Planner System, as a strategy to reduce the 
damage and unnecessary use of natural resources, in order to have a more sustainable 
world for present and future generations. 
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