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[bookmark: _Toc20132953]Abstract
The current study examines the relationship between lean and green (combined as Le-Green) techniques and sustainable business performance in the construction industry. The study also tests the mediating effects of top-management commitment in the adoption and application of Le-Green techniques. A quantitative methodology was applied to examine the relationship between the variables, utilizing a cross-sectional random sampling method.
Results showed that Le-Green techniques had a statistically significant relationship with sustainable business performance. Furthermore, results showed statistically significant relationship between top-management commitment and the adoption and application of Le-Green techniques.
The findings have important theoretical and practical implications as the construction industry is accused of being the major source of air, water, and earth pollution, as well as the greatest miss-user of energy and water resources. Pressure also arises from the need to meet regulatory requirements and to reduce costs and increase profits in a highly competitive market.
One implication of this research is that it provides evidence of the relation between Le-Green construction techniques and reducing costs and increasing profits within the construction industry. It this encourages organizations to adopt Le-Green construction principles and encourage the top-level management of the construction industry to formulate strategies for the successful adoption of the Le-Green philosophy.
The primary theoretical objective of this research is to contribute to the body of knowledge regarding both lean and green construction. The results of the study define the limits, relationship, and links between lean and green construction techniques, and an integrated model of lean, green, and sustainable business performance is proposed.

Keywords: Green construction, Lean manufacturing, Sustainability, Sustainable performance, United Arab Emirates, Waste.
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[bookmark: _Toc20132959]Background Information
The construction industry is unique, being different to the other industries in three aspects: one-of-a-kind products; temporary organizations; and site-production (Korb, 2016). The special nature of construction projects (characteristics, topography, projects’ land variations, and limited available data) make it an extremely challenging task to measure the production effectiveness in a construction context (Rowe, et al., 2016). However, researchers have concluded that productivity and growth in construction has been declining for many years (Rowe, et al., 2016). Construction efficiency and productivity describes the construction company’s capability to deliver projects in the most cost-effective way possible, while maintaining quality. Efficiency is accomplished by assuring that all used resources minimizes waste, including surplus materials, overproduction and defects, and reducing or eliminating employees idle times (The Modular Building Institute, 2010;Construction World, 2019). Loosemore (2014) stated that effectiveness in the construction industry directly relates to the quality of the relationships between the prime and lower tier contractors, as well as to their early involvement in the design process. The literature reveals that 25–50% of project costs are wasted (Tulacz, 2007). While efficiency in all other industries has at least doubled since the 1960s, overall construction-industry efficiency has decreased, with projects exceeding budgets and being delayed (William, 2016). According to a recent study on productivity in construction, about 22% of projects have achieved only poor performance, while 49% have reported a 10% decline in productivity (Rowe, et al., 2016)
To survive in today’s competitive market, it has become essential for construction companies to improve the quality of their work, increase work effectiveness, reduce costs and waste, and increase profits. This is even more pressing within the contemporary financial and economic situation. The combination of project completion time, low cost, and high quality is thus the cornerstone of managerial and engineering decision making in the face of strong competition within the construction business (Ogunbiyi, et al., 2014). However, most construction stakeholders agree that the industry is subject to delays, errors, misspending, and project inefficiency (Ogunbiyi, et al., 2014). Studies have shown that overruns in cost and delays in completion continue to put project success at significant risk in construction (William, 2016). 
The development of the construction industry and its products has also led to environmental problems on a global scale (Ngowi, 2000). It is estimated that the construction industry is responsible for approximately 40% of energy consumption, 30% of CO2 emissions, and 40% of total solid production waste, globally (Copenhagen Resource Institute, 2014). Therefore, in order to support the global environment, substantial changes are necessary to do more with less (Copenhagen Resource Institute, 2014). Since the built environment represents a significant component of society, changes in construction are imperative (Patyal & Koilakuntla, 2017). 
As a result, several project management methodologies have emerged to improve performance in the construction industry, including value-engineering, lean construction, and lean project management, which can reduce production costs, result in quicker delivery, and improve product quality (Patyal & Koilakuntla, 2017). Since the construction industry typically uses various types and vast quantities of materials, a core area of implementing sustainable changes is in the design and construction of buildings and other facilities. Toor and Ogunlana (2008) indicated that critical success factors for construction projects involve improvements in material design and methods of construction.
Furthermore, many organizations in different industries have begun to implement green practices in response to governmental environmental regulations and consumer pressure (Murray, 2000; Green, et al., 2012; Green, et al., 2019). These practices require companies to work closely with suppliers and customers to improve their environmental image. The implementation of green practices is expected to result in improved environmental performance as measured by reductions in air emissions, effluent waste, solid waste, and the consumption of toxic materials. Green business processes must be integrated and coordinated to include purchasing, manufacturing, logistics, marketing, and information systems. Strategic requirements must be aligned to include customer focus, quality, efficiency, responsiveness, and environmental sustainability (Zelbst et al., 2010; Green et al., 2019).
Moreover, top-management commitment is critical to the successful implementation of change or improvement (Achanga, et al., 2006). Top-management commitment is considered the most critical factor in the accomplishment of any efforts that are intended to change and improve the operational philosophy of the organization (Sanjay & O’Shaughnessy, 1998; Alhaqbani et al., 2016). Furthermore, the management commitment level and support across all the management levels have an influence on the success or failure of continuous improvement efforts within the organization (Oakland, 2011). The lack of top-management commitment will cause poor employee commitment, a lack of employee involvement, and a lack of problem solving, as well as decision centralization, shortages in terms of designing and implementing appropriate training, and a lack of trust between employees at all levels, all of which negatively impacts the improvement of organizational performance (Alhaqbani, et al., 2016)
Bergmiller & McCright (2009) identified the relation between green and lean techniques and concluded that companies that adopt such will achieve better results than companies that do not. Furthermore, the findings indicated that when both paradigms are applied simultaneously, lean and green techniques combined (Le-Green) will bring better benefits than when implemented separately. Similarly, Hansen et al. (2004) and Kleindorfer et al. (2005) confirmed that, while lean practices lead to better environmental benefits, green practices lead to enhanced lean practices. Implementing Le-Green techniques and methods in the construction industry is one of the new paradigms for process improvement that aim to increase productivity by maximizing value and minimizing waste (Ogunbiyi, 2014). These techniques result in accessible, secure, healthy, and productive buildings while minimizing the negative impact on society, the environment, and the economy (Sustainable Committee, 2016). However, this paradigm is still in its infancy and has not been widely utilized in the construction industry.
[bookmark: _Toc20132960]Problem Statement 
It is widely recognized that humanity is facing numerous key challenges such as resource depletion, climate change, and environmental risks (Polzin, 2017). Unfortunately, the construction industry is responsible for the increase of these environmental challenges to a large extent, particularly because of its frequent consumption of water, energy, and raw materials (Hwang, et al., 2017). According to the United Nations Environment Program (UNEP) (2001), the construction industry has become a major energy consumer that utilizes 40–50% of global energy and 40% of global raw materials. Meanwhile, it has been proved to be a primary waste source, accounting for 40% of greenhouse gas emissions and solid waste worldwide. 
The construction industry has identified the need for responsible actions in terms of the efficient use of resources and decreasing the negative environmental effects, which will, in turn, enhance the business performance (Zujo, et al., 2017). Therefore, many construction companies have begun to emphasize the improvement of construction performance in terms of environmental and economic aspects (Idrus, 2014). Furthermore, the authorities worldwide have been continuously encouraging and promoting innovative construction practices with the aim of creating efficient and environmentally friendly structures (Siew, 2015). Finally, construction companies that lack strategies that sustain their business performance are at risk of losing their competitive advantage and market share (Epstein, et al., 2015). Lu et al. (2013) stated that U.S.-based construction companies that do not implement sustainable business strategies will, combined, lose $190 billion a year in profits by year 2020.
The construction industry in the United Arab Emirates (UAE) is under economic and regulatory pressure to reduce its operation costs in order to achieve sustainable performance and follow the international and local environmental standards that are becoming mandatory. The construction industry contributes significantly to the economic performance of the UAE, with 11% of the UAE’s GDP in 2015 originating from the construction industry (Chamber, 2016). In 2016, the Cityscape Global exhibition announced projects worth eight billion US dollars (thirty billion UAE dirhams) in the UAE (Cityscape Global, 2016).Therefore, improving construction performance is fundamental both for accomplishing short-term business objectives and developing long-term competitive advantages. The key barrier to applying Le-Green construction techniques in the construction industry is the perceived higher initial costs (Castillo & Chung, 2005). Castillo and Chung (2005) stated that Le-Green construction techniques increase initial costs by an average of 2–7% compared to traditional construction methods. According Rehm and Ade (2013), negative perceptions regarding initial costs are one of the challenges in engaging with and adopting Le-Green construction techniques. The present research will propose and test a framework for appropriate Le-Green construction techniques applicable to construction companies and measure their impact on the competitiveness and economic performance of construction companies in the UAE.
[bookmark: _Toc20132961]Research Context and Justification
The UAE has a high-growth economy, which is quickly diversifying into many areas like tourism, logistics, manufacturing, banking, and finance. To support and promote these industries, a noticeable construction boom taken place in the UAE. In 2007, the UAE construction industry was already valued at $221 billion, emphasizing the fact the construction focus of the UAE, mainly in the city of Dubai (Randeree, 2009). Furthermore, the construction industry in UAE has been directed by the government toward environmentally friendly activities and energy-efficient designs and products in order to comply with the desired environmental outcomes as per UAE Vision 2021 (UAE Government, 2010)  and UAE Vision 2030 (UAE Government, 2015).  The UAE is investing billions in infrastructure and the construction industry in order to diversify the economy away from oil as part of the UAE strategic vision. However, some projects completion might delay due to design and execution complexities similar to Abu Dhabi Airport Expansion (Midfield Terminal) (Business, 2017), applying lean construction practices as Joint IT tools, and the 3D-modeling software allows the early detection and correction of most errors to support the project’s completion on time and reduce waste (Woksepp & Olofsson, 2008; Crowther & Ajayi, 2019). Table 1 presents the UAE’s major construction projects. 



Table 1 – The UAE’s Major Construction Projects.
	Project Name 
	Project Value (US$ million)

	Abu Dhabi Airport Expansion (Midfield Terminal)
	3,000

	Etihad Railway
	11,000

	Abu Dhabi Metro
	7,000

	Dubai Metro
	14,352

	Emirates Roads Master Plan
	12,000

	Warner Bros Abu Dhabi
	1,000

	Al Maktoum International Airport
	80,000

	Dubai Business Bay
	30,000

	Palm Jumeirah
	12,300

	Burj Khalifa
	1,500


Source: Deulgaonkar (2015) and Construction (2018).

The implementation of lean principles can differ from organization to organization, as there is a lack of a universal and standard implementation method (Bhasin, 2012). Additionally, there is a need for a consistent vision and method to achieve a conducive culture (Bhasin, 2012). Moreover, top-management commitment is the principal requirement for lean implementation within organizations (Achanga, et al., 2006). Despite studies on how lean methodology has been applied in construction businesses, there is a lack of a framework that can explain the relationship between lean construction techniques, top-management commitment, and their influence on construction firms’ business performance (Al-Aomar, 2010). 
The literature has also investigated aspects of green practices, with the majority of researchers focusing on green envelope components due to their effectiveness in minimizing a building’s energy consumption, providing indoor thermal comfort, and other environmental benefits as documented by several research studies (Azari, 2014; Koo et al., 2014; Yu et al., 2015). The building envelope is defined as those building components that comprise a major part of a building. These include the roof, walls, windows, and floor, which act as the interface or physical separator between the indoor and outdoor environments (Sadineni, et al., 2011). Other studies have focused on other aspects of green buildings (also known as sustainable buildings), including resource-efficient usage such as energy saving, solar energy usage in lighting and water heating, and using solar photovoltaic systems (Hoen et al., 2011; Zhang et al., 2011; Dastrup et al., 2012; Ng et al., 2012), and water recycling (Zhang, et al., 2011).
There is, however, a lack in green research relating to construction contractors’ green practices. In fact, limited studies were found focusing on construction companies and sustainability efforts outside of material waste reduction, productivity, and Leadership in Energy and Environmental Design (LEED) guidelines. In addition, minimal information was found on sustainability efforts made by construction companies to assess the impact of these green practices on the sustainable performance of construction companies. Many benefits can be achieved by applying sustainable construction and these include environmental, economic, social, health, and community benefits. The environmental benefits are improved air and water quality, with reduced energy and water consumption. The economic benefits include reduced operating cost and maintenance costs and increased sales price and rent, while improved health, increased occupants’ comfort, and reduced liability comprise the health and community benefits (Luther, 2005).
[bookmark: _Toc10728749][bookmark: _Toc20132962]Research Questions and Objectives 
To address the problem statement, the research questions for this study are as follows:
RQ1. What are the lean and green attributes of the construction industry?
RQ2. How do Le-Green practices impact the sustainable business performance of construction companies in the UAE?
To answer these research questions, the study breaks down the query into the following objectives:
1. Identify the boundaries between lean and green in the construction industry by conducting an in-depth and diverse literature review.
2. Develop a conceptual framework integrating lean, green, top-management commitment, and sustainable business performance.
3. Assess the impact of lean and green on the sustainable business performance of construction companies.
4. Evaluate the role of the top management in Le-Green adoption and the sustainable business performance of construction companies.
5. Recommend strategies to improve the positive effects of Le-Green construction techniques on sustainable performance and overcome the negative effects.
[bookmark: _Toc20132963]Significance of the Study 
The gaps in the current literature reveal a lack of research differentiating between sustainable and green construction and that contributes significantly to empirical investigations related to the impact of Le-Green construction factors on sustainable performance. A thorough review of the literature found the following research gaps:
1. The current literature focuses on the successful application of lean and green theories in many industries and activities such as manufacturing, services, and supply chain, while the study of lean and green theories’ application in the construction industry is not well represented . 
2. The literature does not clearly identify the boundaries between lean and green in the construction industry.
3. The current literature lacks a conceptual framework integrating lean, green, top-management commitment, and sustainable business performance.
4. The roll of the top management has not been explored in the adoption of Le-Green philosophy. 
As indicated earlier, the purpose of this research is to identify Le-Green construction principles and investigate the effect of the implementation of Le-Green. Le-Green construction methods and principles provide opportunities for improving the construction industry’s efficiency by decreasing waste and increasing the value. Performance efficiency is important in the construction industry. The findings of this study will add value to the existing body of knowledge related to the construction industry’s productivity. 
[bookmark: _Toc20132964]Research Contributions
[bookmark: _Toc20132965]Academic Contribution 
1. Establishing boundaries between lean and green as most of the related previous works have used the concepts of green and sustainability interchangeably (Carter & Rogers, 2008; Carter & Easton, 2011; Contreras, 2016;Leong, et al., 2018) and there is a lack of studies in this regard, particularly in the context of the construction industry.
2. Define and highlight the limits, relationship, and links between lean, green, and sustainable business performance. This has the potential to identify the similarities between the lean and green philosophies (Dües et al., 2013; Mollenkopf et al., 2010).
3. Introduce an accumulated integrated model of lean, green, and sustainable business performance and test the developed model in the construction industry. The lean and green combination as an integrated methodology has only been explored by a very few experts and researchers (Dües, et al., 2013). The literature states that the combined implementation lean and green principles will result in major improvements in sustainable business performance (Wiese, et al., 2015).
4. Test the role of the construction industry’s top management on the adoption of lean and green principles and the associated implementation processes. Lean and green practices should become part of the decision-making process for profitability; only then will the sustainable gain be accepted as a genuine value-creating activity (Waas, et al., 2014).
[bookmark: _Toc20132966]Applied Contribution 
1. Provide an evidence of the correlation between lean and green construction factors, reducing costs and enhancing value for all stakeholders and partners within the construction industry.
2. Support the organizational transformation from lean and green construction principles for all stakeholders. 
3. Present the real cost impact of implementing and governing lean and green programs in the construction industry, including less use of renewable energy technologies and more use of energy-saving products. 
4. Motivate the construction industry’s top-level management to take better decisions and formulate suitable strategies for effectively adopting lean and green practices within their organizations in order to improve the business performance and comply with governmental environmental regulations.
5. Support governmental regulations regarding waste reduction and energy-resources management to include all types of projects and not only these formally monitored for compliance. 
6. Encourage the creation of government incentive programs for waste reduction and energy-resources management. 
[bookmark: _Toc20132967]Research Plan
The research plan is summarized in Figure 1. First, the research problem was identified as the financial and regulatory pressure being applied to the construction industry all over the world to reduce waste and the consumption of resources and improve the performance. The highlighted problem was supported by industry experts who were consulted for their feedback as part of the literature review at the second stage of the research, while the third stage comprised defining the study’s theoretical framework, including the integration of the lean, green, and sustainable performance in the construction industry. The fourth stage comprised the development of the study instrument and the data-collection process. In the subsequent stages, the collected data were tested for reliability, model fitness and conformity, after which the relationships between the variables were analyzed. The final stage comprises the discussed of the study’s results, with relevant conclusions drawn and future researches recommendations provided.   
[image: ]
Figure 1 – Research Plan.

[bookmark: _Toc20132968]Structure of the Dissertation
This dissertation is divided into seven chapters. In Chapter 1, the reader is introduced to the construction industry, construction trends and delivery methods, challenges, shortcomings, and opportunities for improving methods and study design.
Chapter 2 provides an in-depth literature review of the construction industry, starting with the role of the construction industry contribution to the UAE’s economy. It also identifies the Le-Green construction principles, highlighting and identifying the sustainable performance of the construction business. It presents previous relevant research based on the topic results and outcomes.
Chapter 3 discusses the theoretical background of the research, presenting the related theories regarding lean, green, and sustainable performance. This chapter also presents the research framework and discusses the development of the research hypotheses.
Chapter 4 details the methods applied to conduct this study. It explains the survey design of the questionnaire, the research population and sample, the method of data collection, and the data-analysis procedures.
Chapter 5 presents the results and subsequent analysis of the survey questionnaire. This chapter explains the empirical data using charts and tables. 
Chapter 6 provides a discussion of the research findings and the relation between the factors, while the implications and limitations of the study, as well as future research recommendations and conclusions, and are presented in Chapter 7.
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The problem addressed by this study is the failure of the construction industry in terms of productivity, effectiveness, and completion times. The purpose of this descriptive, quantitative study is to investigate the relationship between Le-Green construction factors and principles, and sustainable performance, within the construction industry and to understand the role of construction organizations’ top management regarding the adoption of Le-Green factors. The literature identified many failures in the construction industry’s effectiveness in all industry sectors (Ogunbiyi et al., 2014; William, 2016; Patyal & Koilakuntla, 2017). The results regarding the implementation of Le-Green construction factors are expected to support projects in avoiding cost overruns, completion delays, unsuccessful deliverables, and projects collapses. This study establishes a framework for the effective integration of top-management commitment with Le-Green construction factors. This integration could enable senior management to provide teams with the support required for the effective implementation of Le-Green construction factors. To identify and evaluate the relationships between Le-Green construction factors and construction industry performance, the researcher conducted a correlational study utilizing structural equation modeling (SEM). A cross-sectional design was applied to obtain measurements for Le-Green factors and performance variables and constructs. An empirical approach was employed to evaluate the strength of the relationships and the correlations between elements.
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This chapter reviews the existing literature on the background lean and green methodologies and applications in different industry sectors, including the manufacturing, services, and construction industries. To conduct the literature review, this study reviewed the most relevant and varied journal papers. This chapter aims to define and highlight the limits, relationship, and links between the lean, green, and sustainable business performance concepts and find the similarities and overlaps between the three concepts on order to develop an accumulated integrated model based on merging lean, green, and sustainable business performance. The result of this merging revealed seven items shared between lean, green, and sustainable business performance: reduced waste; reduced costs; increased growth; higher market share and better reputation; increased profitability; gaining competitive advantage; and greater customer satisfaction. The findings in this section provide evidences that the implementation of lean and green methods will enhance organizations’ sustainable business performance. 
[bookmark: _Toc20132972]Background of Lean 
Lean thinking can be traced back to the end of the nineteenth century (1890) in the work of Frederick Taylor (Dwivedi, 2013). Taylor concentrated on workers’ individual practices and analyzed their way of doing things (Clarke, 2005). The outcome of this examination was the study of time and work standardization. This outcome introduced a new management method called, “scientific management” or “Taylorism” (Liker & Convis, 2011). Taylorism’s main purpose is to improve economic efficiency, particularly in the area of productivity (Clarke, 2005). Taylor focused on the workers’ practices to achieve a better analysis regarding the reduction of process time, ignoring the resistance to change of individuals around them (Dwivedi, 2013). Later, Frank Gilbreth added a significant contribution to the development of lean history through motion study and process mapping (Bhasin, 2012). Gilbreth’s motion study aimed to reduce the movements of workers throughout the production process, influenced by process mapping, which focused on process components, including the non-value added ones (Krenn, 2011). The key benefits of process mapping are: highlighting waste; describing the process-flow; and standardization (Dwivedi, 2013). Taylor and Gilbreth, alongside other researchers, generated the idea of “eliminating waste.” This idea is one the main principles in lean production and the just-in-time (JIT) production system (Krenn, 2011).
Henry Ford, founder of the Ford Motor Company, formulated the main steps in the development of lean production. Henry Ford introduced new production techniques and management tools (Clarke, 2005). The Ford Motor Company transformed the company’s production to a completely new level, as demonstrated by producing the famous “T-Model” in only 93 minutes (Dwivedi, 2013). In 1910, Ford produced the first intelligent production strategy, influenced strongly by Taylor’s theory of scientific management, which led to an increase in productivity; Ford’s production methods, however, were unable to compete against future Japanese methods (Dwivedi, 2013).
Toyota proposed a new system – called the Toyota Production System (TPS) – to standardize production and maximize process and economic efficiency using minimal resources. The main concept of TPS was to eliminate all kinds of waste (Abolhassani, et al., 2016). Any activity not adding value to the finished product should be eliminated, including production, transportation, stock holding, stopping times, stores spaces, maintenance times, errors rectifications, and supply time (Womack, et al., 1990). The substantial differences between Ford and Toyota were the ways which they approached standards (Wakchaure, et al., 2011). Ford used its industrial engineers to explain work standards, whereas Toyota conferred responsibility to the workers on the production floor (Clarke, 2005). Barney and Kirby (2004) asserted that the main success factor of TPS/lean production is the dynamic interface of all three following principles: standardization of practices; value focus; and workers’ empowerment. This is considered as the legacy of the TPS, specifically defined as lean. 
The term “lean” was coined by John Krafcik on his 1988 article, “Triumph of the lean production system” (Krafcik, 1988). Jim Womack, Daniel Jones, Daniel Roos, and John Krafcik authored the first lean book: The Machine That Changed the World (Womack, et al., 1990). Womack et al. (1990) investigated the differences between mass production and lean production in the automotive industry and compared the practices of European and American manufacturers. Womack’s lean is a set of “tools” that support the identification and balanced elimination of the waste. Waste elimination and quality improvement will reduce production time and cost (Womack, et al., 1990). Lean principles include: value-stream mapping; single-minute exchange of dies (SMED); five S’s (sort, set, shine, standardize, sustain), poka-yoke (error-proofing); Kanban (pull systems); total productive maintenance; mixed-model processing; elimination of time batching; single-point scheduling; redesigning working cells; rank-order clustering; and multi-process handling and control (Womack, et al., 1990).
Toyota’s interpretation is focuses on the concept of lean rather than the tools, emphasizing the reduction of three types of waste: overburdening; unevenness; and non-value (Womack, et al., 1990). TPS has two main concepts: JIT; and smart automation (Barney & Kirby, 2004). When production flows perfectly, inventory will be eliminated, and only customer-valued products will be produced. Lean implementation aims to put the right things in the right place at the right time with the right quantity to achieve a perfect work flow, reducing waste, and increasing flexibility to change (Liker & Convis, 2011) .

[bookmark: _Toc20132973]Lean in the Manufacturing Industry
This lean manufacturing methodology incorporated quality into the manufacturing processes and separated man, process, and machine (Liker & Convis, 2011). The lean manufacturing methodology was developed from Ohno’s TPS, applying an execution process known as the plan, do, check, act/adjust (PDCA) format (Alsyouf, et al., 2011). The manufacturing companies’ objective is to convert raw materials into finished products. The processes that allow such changes are the outcome of two different activities: value-adding activities; and non-value-adding activities (Womack & Jones, 2003). Activities that add value complete the product transformations and add value to the end product from the customers’ perspective, for example machine operations and shipping. Non-value-adding activities do not improve the end product value from the customers’ perspective, such as machine set up, waiting time for materials, and materials storage. Non-value-adding activities are referred to as waste (Liker & Convis, 2011).
Types of waste in the manufacturing industry wastes types are as follows (Scoggin, 2017):
1. Overproduction: producing excess quantity.
2. Waiting time: resources waiting for a different operation to complete.
3. Over processing: manufacturing a product with a value not paid for by the customer
4. Excess inventory: excess storage of parts or raw materials 
5. Defects: producing parts that do not meet customer specifications.
6. Failing to utilize opportunities such as new ideas, skills, and improvements.
The lean production system includes powerful tools and techniques that support the identification and elimination of waste (Chopra, et al., 2014). According to Marodin and Saurin (2013), several researchers have studied lean production concepts. Stentoft, Arlbjørn, and Vagn Freytag (2013) stated that lean production is important and improves the processes in numerous sectors of the industry in addition to its influence on productivity. The research of Moyano-Fuentes and Sacristán-Díaz (2012) confirmed the positive impact of the application of lean production principles on all industrial sectors around the world. Manufacturing is the largest economic sector in the world (Bryson, 2002). Lean manufacturing is an advancement in production procedures that ensures positive profit margins and continued sustainable performance in competitive markets. Transition from mass-production practices to a lean methodology will improve organizations’ performance (Cullinane, et al., 2012 ).
[bookmark: _Toc20132974]Applications of Lean in the Manufacturing Industry 
JIT and total quality management (TQM) are the main lean practices applied in the manufacturing industry (Miller, 2013). JIT practices lead to shorter lead time and lower inventory levels, while applying TQM will improve product quality (Abolhassani, et al., 2016). Studies consider that JIT, TQM, and total productive maintenance (TPM) working together are the main pillars of lean production (Cua, et al., 2001). Researches results have also confirmed the importance of lean production. Marodin and Saurin (2013) concluded that lean production will improve productivity, increase employees’ motivation, and enhance competitiveness. While studies considered TQM, JIT, and TPM are all pillars of lean manufacturing, TQM is quite generally defined as incorporating the relationships between the design of the product, suppliers, and customers, whereas JIT and TPM are more specific features and related to performance objectives (Abolhassani, et al., 2016). Wakchaure et al.’s (2011) results showed that JIT, TPM, and TQM were significant in explaining the relationship between lean production and performance objectives. Hence, in a conclusion relevant to this study, the researchers confirmed that it is more appropriate to consider the three pillars of lean production (JIT, TPM, and TQM) together to understand better how they are influenced by performance goals (Dwivedi, 2013). 
A review of the existing literature of lean manufacturing also reveals that much of work on lean is focused on developed countries, such as those in Europe and North America, while very few are from developing countries (Lyons et al., 2013; Jasti & Kodali, 2105; Panwar, et al., 2017). Vinodh and Joy (2012) found that management’s role and strategies were the key drivers for the successful implementation of lean. Panizzolo et al. (2012) suggested that the implementation of lean manufacturing principles improved the operational metrics of manufacturing companies. Similarly, Tanco et al.( 2013) proposed the application of lean analysis tools like value stream mapping to identify and eliminate waste, with a subsequent positive impact on manufacturing companies. More importantly, the majority of studies focus on the discrete manufacturing environment, with very few focusing on process industries (Bhamu & Sangwan, 2014). Some of the recent lean studies in the context of the process industry environment include those of  Lyons et al. (2013) and Dora and Gellynck (2015). While Lyons et al. (2013) explained that lean practices have been employed in different types of process industries in the UK, the research did not study the impact of lean on specific performance metrics, such as delivery lead time and inventory levels. Dora and Gellynck (2015) found that there was surplus of a structured approach in lean implementation in food processing industries even in Europe and North America, particularly in small- and medium-sized companies.
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Increasing competition in the service industry has pressurized service firms’ profit margins (Rust & Huang, 2012). Notably, however, research in the lean context in the service industry is scant (Geum & Park, 2011). Furthermore, the service industry is typically characterized by significantly varying production processes, which presents a challenge to productivity management (Rust & Huang, 2012). Service providers, generally, significantly affected by globalization and competition (Carlborg, et al., 2013). Additionally, service processes have unique characteristics (i.e. heterogeneity, intangibility, simultaneity, perishability, and the customer’s presence during the production process) (Nie & Kellogg, 1999). However, Ross (2013) stated that lean methodology is relevant to the service industry as service processes includes long cycle times, numerous complex variables, several decision points, collaborations with a multiple computer systems, and considerable value-added work that take place out of sight; this makes lean methodology a great tool that can be of benefit to service industries and represents an opportunity for process improvement. Ross (2013) explained that lean is not just about manufacturing; it is also about standardizing work processes to help visualize problems and develop teams’ critical thinking capability in order to solve problems and improve work efficiency.
The literature has explored the application of lean philosophy in the service industry, including information technology (IT), healthcare, and financial services. Numerous authors have agreed that lean philosophy can be applied in the service industry; however, this application should be smart (Malmbrandt & Ahlstrom, 2013). Spear (2005) and Kollberg et al. (2007) studied lean in the healthcare sector and concluded that process improvement can reduce costs and improved quality. Apte and Goh (2004) found that applying lean in the IT industry leads to benefits such customer satisfaction and cost efficiency. Womack and Jones (2005) proposed following principles for the proper application of lean in the service industry: completely solve the problems of customers by confirming the full and effective operation of all services, specifically by working together, delivering exactly what customers want, wherever and whenever wanted, and not wasting their time. 
Furthermore, recent literature reviews have uncover a marked lack of adoption of lean methodology in various aspects of lean service (Suarez-Barraza, et al., 2012; Gupta & Sharma, 2018;Sunder M., et al., 2018). This is supported by the lack of suitable theoretical background to establish the lean service concept and investigate its impact on service industry performance. Critical change is needed to adopt lean service methodology (Scherrer-Rathje, et al., 2009) and improving the performance of service firms in most developed economies (Chase & Apte, 2007). This unconfirmed association between lean service and performance may delay the development and the adoption of lean across service industries (Staats, et al., 2011).
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The lean approach can be applied in the service industry in two ways: as rapid improvement events (RIEs); or as a fully-fledged implementation approach. The majority of the organizations have been studied in relation to RIEs, also known as Kaizen events (Benefield, 2009; Suárez-Barraza & Ramis-Pujol, 2010; Holden & Hackbart, 2012; Radnor & Johnston, 2013). Womack and Jones (2003) stated that fully and completely developed implementation requires three to five years. RIEs can be used as tool to introduce lean thinking, following which, once the motivation develops, fully-fledged implementation and actually of lean can be pursued. Lean has applied in many service industry sectors, including the healthcare sector, considering particular hospital departments such as pharmacy, radiology, and emergency; related mainly to the material flow, lean implantation resulted in continuous improvement and better healthcare at lower costs (Toussaint & Berry, 2013; Drotz & Poksinska, 2014; Sloan, et al., 2014; Timmons, et al., 2014). Lean healthcare has also been shown to improve patient access and the quality of services quality and to reduce the number of tests and test-report waiting time, as well as reducing inventory waste (Toussaint & Berry, 2013; Hussain, et al., 2016).
Lean adoption in the IT sector has gained momentum due to pressure following the global economic collapse in 2008 as attention shifted towards improving the triple bottom line (TBL) and cost cutting (Jailia, et al., 2011). Lean application in IT has focused on quality improvement techniques like capability maturity model integration (CMMI), six sigma, and agility (Wang, et al., 2012). Many organizations have implemented different IT lean methodologies to maintain their position in the market. Lean methodologies lead to lower performance variability, less defects and rework, and improved operational performance and quality (Staats et al., 2011; Gupta et al., 2016). Financial services are also facing strong competition due to globalization and, in order to sustain their position, it is imperative that they improve their operational inefficiencies; lean implantation can support reduced support cycle time and rework, waste elimination, increased revenue, greater customer satisfaction, and servicing more customers (Delgado et al., 2010; Berger, 2013).
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Construction industry activities are mainly concerned with the regulation, design, planning, manufacturing, construction, and maintenance of buildings (Burtonshaw, 2009). The industry and the problems that affect construction projects are difficult to fully understand as the relationships among the parts are not always clear and the limits of the industry are unclear (Murdoch, 2008). Thomassen et al. (2004) noted that the industry is generally considered to have low productivity, overspend, delayed schedules, faults, poor reputation, poor safety, and a shortage of skilled labor. These authors also stated that certain characteristics of the construction industry distinguish it from other industries:
1.	the physical description of the product; 
2.	the product being mostly manufactured at the client site; 
3.	most projects are unique designs;
4.	design mostly being separate from construction ;
5.	the organization of the construction process; and
6.	the pricing method.
The lean project delivery system (LPDS), which was developed by the Lean Construction Institute (LCI), defines lean project delivery as the dedication to implementing the guiding principle of lean (Ballard, 2008), which includes, but is not restricted to, lean design, lean supply, lean production, lean assembly, and lean delivery systems. The lean description provides a value-based scope of work (SOW), effective master production schedule (MPS), and cost assessments. At the construction site, the MPS is implemented as small work chunks that are pulled as needed from a look-ahead plan (Al-Aomar, 2012). The industry is clearly facing a paradigm shift; however, the early adopters in the industry are acquiring benefits that cannot be accomplished without a change in the current attitude, as suggested by previous studies (Miller, et al., 2009).
The application of lean methodology has been explored and reviewed in different industry sectors, although the literature reveals a lack of a theoretical framework that can identify the theoretical lean concept and explain the influence of lean construction techniques on construction firms’ business performance (Al-Aomar, 2012; Mclean et al., 2017). To identify the lean techniques in the construction industry, lean theory will be investigated, including the application of lean techniques in the construction industry. The theoretical framework will incorporate business performance, organizational economic performance, and competitiveness into the best practices of lean construction. Table 2 presents the lean techniques in different types of industry.


Table 2 – Lean Techniques in Different Industry Sectors.
	Lean in Manufacturing
	Author(s)
	Lean in Service
	Author(s)
	Lean in  Construction
	Author(s)

	Plan, do, check, act/adjust (PDCA) 
	Womack & Jones, 2003; Alsyouf et al., 2011; Patel & Deshpande, 2017
	Rapid improvement events (RIEs) also known as Kaizen events 
	Benefield, 2009; Suárez-Barraza & Ramis-Pujol, 2010; Holden & Hackbart, 2012; Radnor & Johnston, 2013, Marodin et al., 2019
	Continuous improvement (Kaizen)
	Green & May, 2005; Pheng & Fang, 2005; Salem et al., 2006; Jorgensen & Emmitt, 2009; Lina & Hafiz Ullah, 2019

	Just-in-time (JIT)

	Cua et al., 2001; Barney & Kirby, 2004; Miller, 2013; Chopra et al., 2014; Phogat & Anil Kumar Gupta, 2019
	Just-in-time (JIT)

	Toussaint & Berry, 2013; Hussain et al., 2016; Phogat & Anil Kumar Gupta, 2019
	Just-in-time (JIT) 
	Salem et al., 2006; Jorgensen, 2009; Mclean et al., 2017; Phogat & Anil Kumar Gupta, 2019

	Total quality management (TQM)
	Wakchaure et al. 2011; Dwivedi, 2013; Abolhassani et al., 2016; Marodin et al., 2019; Sahoo, 2019
	Standardization

	Drotz & Poksinska, 2014; Sloan et al., 2014; Timmons et al., 2014; Marodin et al., 2019
	Joint IT tools
	Woksepp & Olofsson, 2008; Crowther & Ajayi, 2019

	Total productive maintenance (TPM)
	Wakchaure et al. 2011; Dwivedi, 2013; Marodin & Saurin, 2013; Abolhassani et al., 2016; Sahoo, 2019
	Value stream mapping (VSM)
	Delgado et al., 2010; Berger, 2013; Dadashnejad & Valmohammadi, 2019
	Off-site fabrication
	Green & May, 2005; Al-Aomar, 2012; Tresidder & White, 2018

	Single-minute exchange of dies (SMED)
	Womack et al., 1990; Indrawati et al., 2018
	Single-minute exchange of dies (SMED)
	Womack et al., 1990; Indrawati et al., 2018 
	Last planner system (LPS)
	Ballard. 2003; Winch, 2006; Jorgensen & Emmitt, 2009; Wu et al., 2019

	Five S’s (sort, set, shine, standardize, sustain)
	Womack et al., 1990; Lina & Hafiz Ullah, 2019
	One-piece flow
	Scherrer-Rathje et al., 2009; Marodin et al., 2019
	Five S’s (sort, straighten, standardize, shine, sustain) 
	Green and May, 2005; Salem et al., 2006; Woksepp, 2008; Lina & Hafiz Ullah, 2019

	
	
	Voice of customer (VOC)
	Staats et al., 2011; Gupta, et al., 2016
	Master schedule
	Green & May, 2005; Salem et al., 2006; Ballard, 2008; Wu et al., 2019

	
	
	Six sigma and agility
	Wang et al., 2012; Sreedharan, et al., 2019 
	Reverse phase scheduling (RPS), 
	

	
	
	
	
	Six-week look ahead (SWLA)
	

	
	
	
	
	Weekly work plan (WWP), 
	

	
	
	
	
	Percent plan complete (PPC)
	

	
	
	
	
	Design integration
	Green & May, 2005; Salem et al., 2006; Winch, 2006; Jorgensen & Emmitt. 2009; Koolwijk et al., 2018

	
	
	
	
	Concurrent engineering
	Song et al., 2009; Love & Smith, 2019

	
	
	
	
	Daily huddle meetings (Tool-box meetings)
	Green & May, 2005; Pheng & Fang, 2005; Jorgensen & Emmitt, 2008; Elfving et al., 2010; Akanbi et al., 2019

	
	
	
	
	Partnering 
	Green & May, 2005; Eriksson & Laan, 2007; Khalfan, 2007; Jorgensen & Emmitt, 2008; Elfving, 2010; Erikson, 2010; Akanbi, et al., 2019









	


Construction Companies Leanness Evaluation Factors
Authors such as Salem et al. (2006), Jorgensen and Emmitt (2009), Huang et al. (2012), Ogunbiyi et al. (2012), Mclean et al. (2017), Koolwijk et al. (2018), and Tresidder and White (2018) have conducted studies in several countries to identify the key lean factors in the construction industry. Based on the review of mentioned literature on lean construction, the factors in the following sub-sections were identified. Shurrab and Hussain (2018) applied these mentioned factors in the construction industry in the UAE.
[bookmark: _Toc20132979]Waste Reduction
The most important core element for lean construction is waste reduction (Jorgensen & Emmitt, 2009). A dominant aspect of waste reduction is housekeeping, which ensures that a construction site is well organized, tidy, and clean by using the 5S’s process (sort, straighten, standardize, shine, and sustain) (Salem, et al., 2006) . Each step of the 5S’s is based on how to increase efficiency and decrease non-value-added activities, which matches the core principle of lean construction – eliminating waste. The 5S’s process is an indicator of lean site management and is a powerful signal of the implementation of lean construction (Huang et al., 2012; Lina & Hafiz Ullah, 2019). Therefore, workers should be encouraged to clean the jobsite as soon as the activity has been completed (Paez, et al., 2005). However, maintaining efficient materials delivery and storage is crucial for waste reduction in lean construction, and this is labelled JIT delivery (Jorgensen, 2009). From a JIT standpoint, inventories are not valuable and should be viewed as waste (Salem, et al., 2006). When applying JIT, contractors struggle to receive smaller batches of material at a site when needed to reduce stockholding and double-handling (Salem et al., 2006; Phogat & Anil Kumar Gupta, 2019).
Another feature of waste reduction is using IT. Joint IT tools, such as the 3D-modeling software, allow the early detection and correction of most errors before production (Woksepp & Olofsson, 2008; Crowther & Ajayi, 2019). Joint IT tools also enhance the integration among the supply chain actors and clear their tasks, consequently increasing the chance of cost and schedule reduction (Woksepp & Olofsson, 2008). The fourth central feature of waste reduction is the off-site fabrication of parts and units (Green & May, 2005). The prefabrication process also has many advantages for construction industries, such as shortening the construction duration, reducing material waste, and improving the work environment. Hence, increased prefabrication makes lean construction more similar to lean production in manufacturing industries (Al-Aomar, 2012). Japanese firms have used waste-elimination techniques more effectively to achieve global competitiveness (Mclean, et al., 2017).
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Managing production by focusing on processes and flow is a core element of the lean construction industry (Jorgensen & Emmitt, 2009). The last planner system (LPS) is considered to be a significant aspect of the process focus that improves efficient production planning and control (Ballard, 2003; Winch, 2006; Jorgensen & Emmitt, 2009; Wu et al., 2019). Each individual should take immediate action regarding their own tasks (self-control) to avoid defects at the source and obstructing the flow within the process. The main LPS tools are: master schedule; reverse phase scheduling (RPS); six-week look ahead (SWLA); weekly work plan (WWP); and percent plan complete (PPC) (Green & May, 2005; Salem et al., 2006; Ballard, 2008; Wu et al., 2019). This characteristic should be used in all activities during the buying process (Salem, et al., 2006). Conventionally, contractors are used to being controlled by clients, which will adequately reduce their performance and self-control. Additionally, the design consultants cannot perform self-control satisfactorily due to the lack of time (Andi & Minato, 2003) 
Empowering workers to manage and control their own tasks and work is, therefore, critical (Ballard, 2008; Höök & Stehn, 2008). A third aspect that improves the focus of the production plans and the schedule is to establish project milestones (Salem, et al., 2006). By clarifying the significance of production milestones and making them obvious to everyone, project participants will be more involved in the execution of the project (Salem, et al., 2006). Moreover, Winch (2006) argued that a pull plan underneath the LPS is more powerful and better for guiding the real operation than a traditional plan.
[bookmark: _Toc20132981]Focus on End Customers
End-customer focus is another core element of lean construction (Jorgensen & Emmitt, 2009). Furthermore, in reference to the dimension of the customer, some researchers have argued that demand variability can prevent lean implementation (Höök & Stehn, 2008) because it is used to maximize the value of lean construction (Salem et al., 2006; Winch, 2006; Jorgensen & Emmitt, 2008). Contractors and suppliers should understand the needs of the customer so they can provide customers with what they need, not what they want (Styhre, et al., 2004). Freire (2002) concluded that customer satisfaction is dependent on the process used or applied as well as the end product. Therefore, to increase the end-customer focus, it is important to adopt lean principles in the design stage (Maloney, 2002; Koolwijk et al., 2018). Moreover, the early involvement of contractors during the design integration and concurrent engineering is an important aspect of lean construction (Green & May, 2005; Salem et al., 2006; Winch, 2006; Jorgensen & Emmitt, 2009). Concurrent engineering improves the contractors’ understanding of customer needs and increases teamwork and cooperative problem-solving, while also providing significant time savings (Song, et al., 2009).
Using competitive bidding is not effective when customized products are procured in lean construction (Green & May, 2005; Elfving et al., 2010). A focus on the lowest tender price will activate the self-protecting attitudes of the contractors (Eriksson & Laan, 2007), rather than approaches targeting customer satisfaction. Thus, the limited bid invitation for honest and capable contractors should be integrated with a bid evaluation based on soft parameters that will ensure that partners who are capable of satisfying customers’ needs are selected (Eriksson & Laan, 2007). The overall perspective of professionals within the industry shows that benefits such as increased compliance with customer expectations are realized following the principles of lean construction (Ogunbiyi, et al., 2012).
[bookmark: _Toc20132982]Continuous Improvements
The long-term perception of continuous improvements (named Kaizen in the TPS) is an important element of lean construction. First-run studies and fail safes are effective tools for continuous improvements (Green & May, 2005; Pheng and Fang, 2005; Salem et al., 2006; Jorgensen & Emmitt, 2009; Lina & Hafiz Ullah, 2019) to reduce waste and increase the effectiveness of the construction process over time. Long-term contracts are an important aspect as they decrease the traditional short-term focus on cost reduction (Green & May, 2005) while promoting lasting improvements. By working together on a series of projects, the transfer of construction knowledge, performance experiences, and improved supply-chain collaboration between two projects are expedited. Measuring performance against pre-defined targets is a very important characteristic of continuous improvements (Salem, et al., 2006), and controlling and measuring the different kinds of performance indicators are influential in determining whether performance is improving (Freire, 2002).
Consequently, the explanations for unsatisfactory or satisfactory performance should be analyzed to determine the actions for potential improvement (Freire, 2002). In addition, all staff should be inspired to initiate ideas and higher-quality solutions to solve problems that occur on the site (Pheng & Fang, 2005). Unfortunately, the site workers’ contribution to problem-solving is minimal in the construction industry compared to other industries (Green & May, 2005). Moreover, the workers believe that they do not have adequate opportunities to share their opinions (Riley & Clare-Brown, 2001). Thus, it is important that the propositions from workers are treated seriously to increase their commitment to continuous improvements (Ballard, 2008). Although knowledge sharing and combined learning among teams from different businesses and disciplines are vital for realizing continuous improvements in lean construction (Green & May, 2005; Jorgensen & Emmitt, 2009), they are occasionally realized as the result of suitable methods absence (Styhre, et al., 2004). Such learning can be achieved by establishing quality circles and providing the project staff with opportunities to contribute to the improvement process (Salem, et al., 2006).
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Cooperative relationships among project actors (often referred to as partnering), similar to daily huddle meetings (tool-box meetings), are an important element of lean construction (Green & May, 2005; Pheng & Fang, 2005; Jorgensen & Emmitt, 2008; Elfving et al., 2010; Akanbi et al., 2019) that simplify the integration of different actors’ capabilities and efforts in combined problem-solving. Since the traditional methods of construction and governance procedures are often criticized for producing waste, adversarial relationships, and long lead times (Elfving, et al., 2010), they had to be changed to a lean contracting approach (Pheng & Fang, 2005). Further, subcontractors participate in most project values, and because the project activities are fully connected, synchronization between main contractors and subcontractors is important for both partnering and lean construction. 
Consequently, Humphreys (2003) concluded that it is vital to involve key subcontractors in the partnering team, allowing all actors to contribute to the combined objectives (Eriksson, 2010). However, previous researchers have encountered practical problems when trying to involve a wider range of actors in lean construction initiatives (Jorgensen & Emmitt, 2009). Good communication is central to the establishment of such cohesive partnering, coordination, and integration (Elfving, et al., 2010). Partnering is facilitated by numerous collaborative tools, such as joint project, joint objectives, and teambuilding activities (Green & May, 2005; Eriksson & Laan, 2007). It is important that all participants benefit from the improved performance caused by the implementation of lean construction (Green & May. 2005). An equitable and fair reward system is vital for building cooperation and trust among all construction business actors (Khalfan, et al., 2007). Hence, gain share/pain share is an incentive-based compensation arrangement that encourages the actors’ commitment to contributing to the joint objective (Eriksson & Laan, 2007; Akanbi et al., 2019).
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An additional core element of lean construction is the systems perspective (Jorgensen & Emmitt, 2009), which is necessary to increase the overall efficiency of lean construction projects (Green & May, 2005; Pheng &Fang, 2005; Winch, 2006). A consistent workflow in the overall system is more significant than is the individual activity cost or time (Elfving, et al., 2010). An important aspect of this is to consider the entirety of the design and construction processes by making coherent decisions that support or complement one another (Eriksson & Laan, 2007). Furthermore, the construction process will be simplified by reducing the number of working steps (Pheng & Fang, 2005).
Lean construction cannot be achieved by considering design, operation, and construction in isolation. Therefore, a readjustment of the contractual restrictions among all parties is required (Green & May, 2005). As a result, large-scope contracts are required instead of dividing the project into smaller portions that involve many different actors for short periods of time. The systems perspective is also the central issue in terms of reaching the end result of the process (Green & May, 2005). To obtain appropriately balanced objectives, such as cost, schedule, and quality, each objective of the project should receive an appropriate amount of attention related to its importance throughout the project. It is also important that the project objectives are specified and that the values are clear to all actors (Jorgensen & Emmitt, 2009). Various lean tools and techniques for enabling better performance have been discussed by several authors. Some studies have explored various issues of performance with lean techniques and established the benefits that can be derived by applying lean core values and techniques (Ogunbiyi, et al., 2012). Lean design approaches such as joint IT tools (integrated design, target costing, and 3D modeling) can be applied during the design of a lean project (Woksepp & Olofsson, 2008; Koolwijk et al., 2018; Crowther & Ajayi, 2019).
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The terms “green” and “sustainability” are often used interchangeably. Sustainability, or the TBL, refers to the integration of economic, social, and environmental concepts (Carter & Rogers, 2008; Carter & Easton, 2011). However, green presents the environmental aspect of the TBL and seeks to decrease or eliminate pollution such as waste materials, CO2 emissions from vehicles (Jaillon, et al., 2009), noise, the release of pollutants into the atmosphere, ground, and water (Zhang et al., 2011, Shrestha, 2016), and green materials (Hassan, 2006). Green does not refer to general ideas of conservation and preservation; it refers instead to the environment and its weakening that has led to the growth of a new environmental policies (Stavrakakis, 1997). Yanarella et al. (2009) defined green as the improvements in social practices, human habitats, and modern technology. 
Many organizations in different industries have begun to implement green practices in response to governmental environmental regulations (Green et al., 1998; Murray, 2000). These practices require companies to work closely with suppliers and customers to improve environmental sustainability. The implementation of green practices is expected to result in improved environmental performance as measured by reductions in air-pollution emissions, effluent waste, solid waste, and the consumption of toxic materials. Green business processes must be integrated and coordinated to include purchasing, manufacturing, logistics, marketing, and information systems. Strategic requirements must be aligned to include customer focus, quality, efficiency, and responsiveness (Zelbst, et al., 2010), and, most recently, environmental sustainability.
There are many environmental indicators in the literature that have been used in different contexts, with different characteristics, and associated to various advantages and disadvantages such as:
· Environmental sustainability index (ESI): includes environmental, economic, and social dimensions (Siche, et al., 2008).
· Ecological footprint analysis (EFpA): a measure of how much useful land and water an individual, a city, a country, or humanity needs to produce the resources it consumes and to eliminate the waste it generates, using dominant technology (Wackernagel, 2014).
· Genuine progress indicator (GPI): a collective index formed by 20 sub-indicators of which seven indicators replicate a growth in welfare and 13 indicators replicate a reduction in welfare. GPI includes social and environmental advantages and costs as well as those of the standard economic variety (Singh, et al., 2009) .
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Green manufacturing is defined as the techniques and processes for the environmental performance improvement of industries by decreasing consumption of natural resources  (Tsai, et al., 2014). The importance of green manufacturing importance has grown due to the regulations controlling manufacturing-industry emissions, consumer awareness of and requirements for eco-friendly products, and the increased environmental certification prerequisites worldwide (Hui, et al., 2002). The most important aspect of green manufacturing is decreasing the environmental impacts and reducing resource consumption during manufacturing processes (He, et al., 2008). The intention of green manufacturing is to produce products with the minimum possible energy consumption and pollution using technological and managerial approaches (Tsai, et al., 2014). The issuance and/ or use of environmental management systems (EMSs), OHSAS18000, ISO14001, environmental labeling systems, and environmental regulations have been instrumental in the adoption of green manufacturing practices in real production (Li, et al., 2010).
The green manufacturing concept and implications were initially proposed in the blue book published by the Society of Manufacturing Engineers in 1996 (Melngk & Smith, 1996). In 1996, after the launch of ISO 14001, green manufacturing started to receive wider attention. Florida (1996) discussed the actions taken by firms to develop their manufacturing processes and improve productivity to create significant opportunities for environmental enhancements. With the rapid development of green manufacturing, researchers began to study green strategies. Zhou et al. (2012) proposed systematic models to evaluate green strategies and analyze the implementation of different green manufacturing strategies, including the assessment of well-defined performance measurement systems. Researchers focused on the green supply chain and green product fields as they were rapidly expanding. Researchers also began to conduct deeper research into supply chains that involve customers’ entire ordering cycle (Handfield, et al., 1997), incorporating green thinking into supply chain management (SCM), such as material sourcing and selection, product design, manufacturing processes, final product delivery to the consumer, and product end-of-life management (Srivastava, 2007; Wee et al., 2011). 
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Successful green manufacturing organizations should control four key factors in their production processes: the amount of energy and resource consumption; the extent of renewable or green energy; the amount of hazardous waste; and the amount of recycling of hazardous waste (Chen, et al., 2012). The main logic behind every green practice is to reduce, reuse, recycle, remanufacture, and recovery (referred to as the 5R’s). Table 3 presents the application of green practices in the manufacturing industry. Total quality environmental management was developed out of TQM, which expands the quality management principles to include manufacturing processes that affect environmental quality (Florida, 1996).
Table 3 – The Application of Green Practices in the Manufacturing Industry.
	Manufacturing Industry Green Practices
	References

	ISO14001 certification
	Zhu et al., 2005; Zhu & Sarkis, 2006; Zhu & Sarkis, 2007; Sheila Namagembe & Sridharan, 2019

	5R’s (reduce, reuse, recycle, remanufacture, and recovery)
	Vachon, 2007; Zhu & Sarkis, 2007; Zhu, et al., 2007; Saroha et al., 2018

	Total quality environmental management 
	Zhu et al., 2008a, 2008b; Yang et al., 2011; Sheila Namagembe & Sridharan, 2019

	Supply chain management (SCM)
	Zhu & Sarkis, 2007; Green et al., 2012; Diabat et al., 2013; Jing et al., 2019


Source: Prasad et al. (2016).

The supply chain was included in the green factors in manufacturing to improve the manufacturing industry’s environmental performance (H’Mida & Lakhal, 2007; Khan et al., 2016), overall carbon footprint reduction (Govindan, et al., 2015), and recycling of waste products and use of by- products (Tseng, et al., 2016), as well to help them comply with local legislation and international regulations (Bhattacharya, et al., 2015). Improving supply-chain efficiency leads to time and cost savings as well as satisfying customers’ needs by providing high-quality products and services (Bhattacharya, et al., 2015). Li et al. (2016) concluded that Chinese high-tech firms make significant use of green product design and green supply-chain processes to improve the firms’ financial and environmental performance. Customers purchase green products as they prefer products that have optimal environmental features compared to other, similar products (Esmaeilpour & Bahmiary, 2017). Because of customers’ increasing demand for green products, they can play a significant role in the achievement of sustainable development goals. Dangelico (2017) concluded that it is important to provide top-quality services and products, generating little or zero waste, to gain high levels of product and company competitiveness.
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Service is defined as values transformation by the service provider into a product as per the customer requirements (Hefley & Murphy, 2008). To deliver the service, the supplier should rely on a range of assets, which may include, either in combination or alone, information, processes, and technologies. Accordingly, any service is a composite of many important factors, such as customer needs, service-supplier abilities, flexibility, practicable values, and methods (Hefley & Murphy, 2008). Service philosophy has shifted recently from service products that are management-oriented and measurable economically to operationally-oriented and socially responsible values (Krcmar, 2010).
Green service is generally defined as services that fulfill costumers’ requirements and that can be continued for long periods without negatively impacting the customer’s environment (Krcmar, 2010). Green services should focus on a “value-in-use” perception that facilitates the services concept as dynamic and comprising shared problem-solving efforts that create values in several dimensions instead of traditional consumer–provider relationships, where value is formed by services exchanging services (“value-in-exchange”) (Krcmar, 2010). Green service development requires that the attention of service providers extends beyond economic characteristics to include environmental elements. Additionally, the development of green services needs a life-cycle-oriented perception of the relationships between consumers, suppliers, and providers (Galbraith, 2002; Wolfson et al., 2013). Moreover, to create green services, the concept of life-cycle analysis must be adopted to identify, manage, and synchronize the different features of the service system, from the design and process development to energy and material usage. 
In addition, all services should integrate and reflect their environmental elements, and the potential long-term effects should be studied. The fundamentals of green service and strategies for making a service greener are still under development (Wolfson, et al., 2013). The main challenge is moving beyond green products and processes toward solutions that support the services providers’ financial performance (Fiorini & Bernard, 2018). Hence, the new green services perspective encompasses not just services that satisfy immediate customer needs and that have no negative impact on the environment over long periods of time without; it also encompasses services that deliver the next generation of customers. Finally, enlarging the green process value with customers and with stakeholders will enable the design and provision of much greener services (Wolfson, et al., 2013).
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The hospitality industry is undergoing a green awakening (Vij, 2016). There are numerous examples of how greenness is linked to and supports organizations’ competitive advantage (Falkenberg & Brunsæl, 2011). The hotel industry is competitive, as revealed by competitive position normative analysis. Therefore, hospitality management are keen to adopt green practices to achieve a competitive advantage (Lacap, 2014). Global hospitality industry leading companies have included green plans in their visions, missions, and corporate strategies (Gutiérrez, et al., 2015).Furthermore, most hospitality industry companies aim to demonstrate their commitment to greenness in order to enhance their competitive advantage by developing a strong brand that distinguishes them from their competitors (Jones, et al., 2014). Green practices in the hospitality industry are considered very important in the present-day context, particularly in terms of reputation. Being well-thought-of as a green hotel establishes a respectful reputation among clients, which is a source of competitive advantage (Falkenberg & Brunsæl, 2011; Jones et al., 2014). Leading hotel chains integrate greenness into their corporate policies and strategies to support their businesses growth (Jones, et al., 2014). Hospitality industry leaders Delta Hotels has developed environmentally friendly policies and adopted green practices (Lacap, 2014). This approach motivates the measuring – on an annual basis – of the green strategies implemented. These measurables include: energy; carbon footprint; water; waste; facilities; procurement; employee engagement; guest engagement; and community involvement (Gutiérrez, et al., 2015).
Bruns-Smith et al. (2015) concluded that the most widely used and effective green practice among the hospitality industry, as well as being the best received by guests across the industry, is programs regarding the reuse of linen and towels. Furthermore, guests are highly favorable the usage of water-saving fixtures. This demonstrates the strong link between the best green practices being utilized by the hospitality industry and the most preferred programs and used by guests. In contrast, the link between the green practices and guest satisfaction is modest. The traditional drivers of guest satisfaction (room, food and beverage quality, and facilities) still outweigh the effects of green operations (Bruns-Smith, et al., 2015). The hospitality industry is still, however, underdeveloped in terms of the application of green practices (Hsieh, 2012). Furthermore, it evident that many green practices investments are now considered to be a standard aspect of hospitality operation, regardless of the initial cost involved or satisfaction considerations (Bruns-Smith, et al., 2015).
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Service supply chain operations management is a new concept in the SCM literature (Sampson & Spring, 2011). The service supply chain’s final product produced by the business is a complete service and physical products have no role (Wang, et al., 2015). However, the supply chain is typically associated with high-level customer involvement and a major role of suppliers. Therefore, the efficient management of customers and suppliers is a key role in product/service supply-chain integration (Hussain, et al., 2016). The management of service SCM includes monitoring and controlling information flow, demand, capacity, supplier relationships, customer relationships, cash flow, and full service performance within the whole supply chain, from the primarily supplier to the final customer (Ellram, et al., 2004). For companies aiming to achieve greenness in their supply chain, the first step is to manage their relationships carefully both with suppliers and customers (Tseng, et al., 2016). Service supply chains and manufacturing supply chains are different, especially in the area of green practices (Hussain et al., 2016; Tseng et al., 2016). Büyüközkan and Berkol (2011) confirmed that minimizing the usage of non-renewable resources and reducing or eliminating waste will enhance organizations’ economical sustainability. Hasan (2013) confirmed that green supply-chain practices in different service companies will support environmental and operational performance. In this study, only environmental sustainability was considered, with no attention paid to social aspects (Hasan, 2013). This means that businesses that continuously consider green issues in their supply chain will experience less risk and greater value in the long term.
Supply chains have also been studied using confirmatory factor analysis (CFA) and structural equation modeling (SEM) methodologies regarding service flow and product flow. Xu and Gursoy (2015) and Chithambaranathan et al. (2015) examined the impact of green practices on the SCM of hospitality, hospitals, and grocery service providers in terms of customer attitudes and behavior. Their studies confirmed that green practices in these services positively impacted customer satisfaction, willingness to pay, and loyalty. Table 4 provides a summary of the application of green practices in the service industry.
Table 4 – The Application of Green Practices in the Service Industry.
	Service Sector
	Reference(s)

	Manufacturing and service industries
Hospitality SCM
	Hasan, 2013
Xu and Gursoy, 2015b
Chithambaranathan et al., 2015

Hussain et al., 2016

Tseng et al., 2016

	Drug service providers in hospitals and grocery service providers 
	

	Different service sectors: banks, airlines and hospitals
	

	The service supply chain of electronic industry
	


Source: Nouri et al. (2019).

[bookmark: _Toc20132992]Green in the Construction Industry
The principles of sustainable construction and the term “sustainable construction” were originally proposed to describe the responsibility of the construction industry in attaining “sustainability” (Kibert, 2008). The concept of sustainable construction addresses three main pillars: environmental protection; social well-being; and economic prosperity (Brownhill & Rao, 2002). Green construction is the set of processes by which a profitable and competitive industry delivers built assets (buildings, structures, supporting infrastructure, and their immediate surroundings), which: enhance the quality of life and offer customer satisfaction; offer flexibility and the potential to cater for user changes in the future; provide and support desirable natural and social environments; and maximize the efficient use of resources (Government Construction Clients’ Panel (GCCP), 2000). In view of this, there are many benefits that can be achieved by applying green construction practices and these include improved air and water quality, reduced energy and water consumption, and reduced waste disposal (Luther, 2005).
Scholarly research of the implementation of green concept application in all industry sectors has been growing. However, the literature requires a theoretical framework that explains the relationships of the construction green techniques and their influence on construction firms’ business performance (Pitt et al., 2009; Elmualim et al., 2012; Azari, 2014; Yu et al., 2015). To identify the green techniques in the construction industry, green theory will be investigated, including the application of green techniques in the construction industry. Furthermore, in light of the inadequacies in the existing literature regarding the integration of lean and green in construction and sustainable business performance, the present study will propose a theoretical framework incorporating business performance, organizational economic performance, and competitiveness, to reveal the best practices of lean and green construction. Table 5 presents the green techniques used in different types of industry.


Table 5 – Green Techniques in Industry.
	Green  in Manufacturing 
	Author(s)
	Green in Service 
	Author(s)
	Green in Construction 
	Author(s)

	ISO14001 certification
	Zhu, et al., 2005; Zhu & Sarkis, 2006; Zhu & Sarkis, 2007; Sheila Namagembe & Sridharan, 2019
	Linen and towel reuse programs
	Bruns-Smith et al., 2015
	Off-site prefabrication
	Jaillon et al., 2009; Kleemann et al., 2019

	5R’s (reduce, reuse, recycle, remanufacture, and recovery)
	Vachon, 2007; Zhu & Sarkis, 2007; Zhu et al., 2007; Saroha et al., 2018
	Water-saving fixtures
	Lacap, 2014; Hussain et al., 2016
	Use of fuel-efficient machinery
	Shi et al., 2013

	Total quality environmental management
	Zhu et al., 2008a, 2008b; Yang et al., 2011; Sheila Namagembe & Sridharan, 2019
	Energy saving products
	Gutiérrez et al., 2015
	Wastewater recycling technology
	Shrestha, 2016

	Supply chain management (SCM)
	Zhu & Sarkis, 2007; Green et al., 2012; Diabat et al., 2013; Jing et al., 2019
	Solar energy products
	Wolfson et al., 2013; Hussain et al., 2016.
	Solar panels
	Zhang et al., 2011; Wong & Cronin, 2019

	
	
	Minimizing the usage of non-renewable resources
	Büyüközkan & Berkol, 2011; Kahia et al., 2019
	Energy efficient heating, lighting and air-conditioning systems
	Ng et al., 2012; Omer, 2017

	
	
	
	
	Environmental certifications: governmental certification; ISO 14001 certification 
	Darnall et al., 2008; Seuring & Muller, 2008; Zutshi & Creed, 2015

	
	
	
	
	Environmental purchasing policies (green products/suppliers) 
	Ofori, 2000; Varnäs et al., 2009; Zutshi & Creed, 2015
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These are factors undertaken at the construction level, largely covering the energy-efficient activities that could significantly reduce the environmental impacts during the operational phase of building, as well as eliminating the need for costly and disruptive refurbishments to reduce any environmental impacts during the post-occupancy stage  (Fieldson et al., 2009; Li & Colombier, 2009; Shurrab et al., 2018). The relevant factors identified described in the following sub-sections.
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Green practices refer to the use of onsite practices to minimize the environmental impacts of construction. These practices are relevant only to the main/sub-contractors and involve considerations such as waste management planning (Shen & Tam, 2002), the adoption of off-site prefabrication (Jaillon et al., 2009; Kleemann et al., 2019), the use of fuel-efficient machinery (Shi, et al., 2013), and the implementation of wastewater recycling technology (Shrestha, 2016).
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This is of paramount importance for the sector, with a significant influence on the life-cycle environmental impact of the building (Zhang, et al., 2011). For example, integrating the right technological systems within the building design, such as the use of solar panels, energy-efficient heating, lighting, and air-conditioning systems, and wastewater recycling technologies, is essential for improving the environmental performance of the building (Zhang et al., 2011; Wong & Cronin, 2019). Furthermore, it will reduce the energy consumption and harmful effects associated with the building (Ng et al., 2012; Omer, 2017). Developers and architects/consultants are the relevant stakeholders involved in green building design. In the case of construction material suppliers, the corresponding practice is “green product design,” which includes the selection of low-energy raw materials.
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To efficiently execute each of the “core green factors,” all stakeholders must implement certain practices at the firm level, referred to as facilitating/supporting practices (Seuring & Muller, 2008). Given the complex supply-chain stages in the construction sector, these facilitating practices need to be more robust than those of any other sector. These practices include governmental certification (Estidama in the UAE), ISO 14001 certification, and environmental management systems (EMSs). An EMS consists of a collection of internal policies, assessments, plans, and implementation actions. Organizations that implement EMSs identify how their activities interact with the environment, the types of environmental impacts that emanate from different operations, and alternative means of preventing environmental pollution and natural resource degradation (Darnall, et al., 2008). While there are different standards for EMSs, ISO 14001 is the most widely recognized standard. There is considerable evidence in the construction sector and other sectors for the significance of EMSs and ISO 14001 from an environmental/green perspective (Seuring & Muller, 2008; Zutshi & Creed, 2015).
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This includes the integration of environmental considerations into purchasing policies, programs, and actions (Varnäs, et al., 2009), both in the material-purchasing decisions and in awarding the contract. Material-purchasing decisions include the purchasing of products with environmentally friendly features, such as recycled materials and non-toxic ingredients (Ofori, 2000). Similarly, environmental considerations during the tendering stage involve the establishment of environmental criteria in the pre-qualification stage, such as requiring that the tender participant should possess an EMS, ISO 14001 certification, and technical knowledge, including previous green project experience or LEED certified employees on the payroll. In the selection phase, appropriate weights are allocated to the green aspects of the project (Zutshi & Creed, 2015).
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Currently, the sustainable survival of business organizations is linked to their ability to produce products and services that meet customers’ expectations. Top management stands as the front line of any organization, company, or institution, with results/ performance being a direct reflection of their commitment and capability (Chinomona, et al., 2017). According to Gholamreza et al. (2010), top management is responsible for employees gaining the skills and ability essential to perform their tasks efficiently. Top managers will bring significant benefit to the organization through their role in quality management as a crucial requirement for successful quality improvement. According to Olorunniwo and Udo (2002), the project success depends on top management’s commitment level. Therefore, top-management commitment demands that management at all levels must change its role from controlling to coaching/ facilitating since top-management commitment should support positive changes and employees’ decision-making processes (Njie, et al., 2008). Furthermore, management can demonstration its commitment by increasing the budget for staff support and training (Tavitiyaman, 2004). If managers treat their employees well, employees will also treat customers well. Commitment is essential to the successful implementation of changes and improvements (Achanga, et al., 2006).
The commitment of top management is considered to be key to the success of any attempts that are intended to change the operational philosophy of the organization (Sanjay & O’Shaughnessy, 1998). Moreover, the level of the commitment and support from the management across all management levels will impact the success or failure of the change efforts within an organization (Oakland, 2011). Managers are responsible for establishing and maintaining the environment in which employees fully participate in achieving goals related to organizational performance (Parumasur & Govender, 2013). The top management of the organization has the responsibility to support the efforts of employees to improve processes (Evans & Lindsay, 2008). Implementing a considered strategy is the capability to recognize implemented goals and to link organizational actions to the strategic goals set by top management (Mantere, 2008).
The successful implementation of Le-Green philosophies and strategies requires the support of the top management. Top management have to allocate sufficient resources to assist the implementation of the new process (es) (Bashir, et al., 2010). Kumar et al. (2016) classified the lack of top-management commitment as the main challenge to the implementation of Le-Green philosophies. The benefits are not clear for top management, however, when their training and experience is not suitable to provide them with the competence to manage change (Mossman, 2009). However, many studies have reported several issues related to management, including: poor planning; insufficient delegation of authority; poor understanding of customer requirements; the absence of look-ahead planning; and deficiencies in coordination (Alinaitwe, 2009). Top-management commitment has been found to be main influence on whether or not to implement Le-Green practices (Gandhi, et al., 2018). Top-management commitment has been recognized as the main driver of the implementation of Le-Green practices, supported by the initiatives taken by governments toward business and management development (Gandhi, et al., 2018). Kumar et al. (2016) pointed out that Le-Green practices are difficult to implement due to the presence of barriers such as a lack of top-management commitment, a lack of expertise in designing training programs, and funding constraints. The poor implementation of the Le-Green practices results from weak top-management commitment and attitudes, poor employee management, and negative company culture (Kumar, et al., 2016). On many occasions, it has been proven that top management and employees be affected by the fear of the main requirements of Le-Green culture (Kumar, et al., 2016).
Studies have emphasized the importance for the top-management commitment as a key support for the implementation of Le-Green practices as change should start from the top. The workforce will resist change is the purpose of implementing Le-Green practices is not been communicated effectively. Le-Green practices allow for substantial intrinsic employee motivation linked to the power of self-governance and problem solving (De Treville, et al., 2005). The managers in Le-Green practice facilities disagreed strongly with the idea that management is resistant to change. The management does not accept poor performance, even if it is correct. Objectiveness is a significant asset in Le-Green practices as management is responsible for distinguishing their faults and fixing them (Mann, 2009). Mclean and Antony (2014) reviewed the main causes of firms’ failures during the implementation of continuous improvement. The failure factors included expectations and motives, organizational environment and culture, top-management commitment, implementation methodology, project management, training, the involvement level of employees, and results and feedback.
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It is a generally accepted that companies’ business performance can be assessed using the financial ratios; this practice is generally understood and has long been accepted as a method of establishing a company’s financial configuration and characteristics (Cheah, et al., 2004) and as a way of evaluating that company against industry benchmarks. Financial ratios can also be used as an input in analyzing financial risk, providing substantial and reliable information of the company’s financial strength. Despite the fact that a considerable debate on the value of financial ratios and their ability to directly impact the share prices, they are easy to acquire and are useful in presenting information for long-term investors who are more interested in the prolonged existence of a company. Analysts have developed acceptable ranges and standards for financial ratios. Companies that operate outside of those ranges are under potential risk. However, these ranges are subjective and are not always accepted (Basha, et al., 2007). 
A poor share price does not necessarily indicate the poor financial standing of a company. The ratios are considered based on actual company performance, although the share price is dependent on the market’s sensitivities and opinions and, since many investors recognize that investing in construction business carries risk, mainly due to fluctuating economies, the discrepancy between share price and ratios may be greater for construction companies than for companies in other industries (Hood, et al., 2006). The financial performance of firms is affected by better utilization of resources, improved efficiency, and higher productivity, all of which reduce operating costs. Therefore, better use of resources will impact firms’ competitive advantage, and this leads to enhanced revenue, new market opportunities, and higher market share; therefore, organizations that improve their processes and reduce waste are able to expand their markets. However, whether these advantages have a direct impact on firm financial performance is yet to be explored (Rao & Holt, 2005). Rao and Holt (2005) suggested that, to investigate the relation between green construction factors and economic performance, a number of variables constitute the construct measuring economic performance:
1.	market opportunities;
2.	increase of product price;
3.	profit margin;
4.	sales increase; and
5.	market share increase.
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Business competitiveness is defined as a strategy that makes a business difficult to be replaced by competitors and that can help maintain its profit margins (Porter & Millar, 1985; Coyne, 1986; Chen, 2008; Chuang & Huang, 2015). Businesses should maintain their competitiveness to enhance resources, increase market value, and ensure that it is not easy for competitors to copy them (Barney, 1991). Chen (2008) measured business competitiveness in comparison with the competitors based the following measures: advantage of lower costs; offering better services and products; superior ability in research and development and innovation; more efficient management; higher profit margins; higher revenue growth; industrial position is difficult to be surpass; better business image; offering more products and services; and innovative ideas that are not imitated easily.
Apart from owning the management and marketing capabilities, construction firms need to ensure that they are competitive and capable of enduring any challenges in the competitive construction industry market. Therefore, the competitive advantage factor is included in this study as one of the variables that is influenced by the green construction factors. Competitive advantage is the degree to which the organization is able to establish a defensible position over competitors (Chen, et al., 2006). Competitive advantage is simply defined as how companies enter the market with the goal of optimizing their operations to achieve better results for short-term and long-term objectives (Safarnia, et al., 2011). Therefore, this paper will explore the relation between green construction factors and competitiveness. Consequently, the variables used to investigate competitiveness are (Rao & Holt, 2005):
1. efficiency improvement;
2. improved quality;
3. productivity improvement; and
4. cost saving. 
[bookmark: _Toc20133002]Summary 
The objective of this literature review was to examine and analyze studies and relevant literature that pertain to lean and green construction and their relationship with the construction industry’s sustainable business performance in order to synthesize a comprehensive understanding of the history, effects, and outcomes for when these strategies are integrated. The literature review has enabled identifying and evaluating gaps in the body of knowledge regarding the adoption lean and green principles, supported the need for this study, provided the foundation for answering the research questions, and supported the researcher to report the research problem. 
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[bookmark: _Toc20133004]Introduction
The construction industry is characterized by low efficiency compared to other industries (Rowe, et al., 2016). Studies have shown that the construction industry is still considered “broken,” and that cost overruns and delays continue to threaten project success (Seed, 2016). It is estimated that the construction industry is responsible for approximately 40% of energy consumption, 30% of CO2 emissions and 40% of total solid production waste globally (Copenhagen Resource Institute, 2014). Therefore, improving construction performance is fundamental both for accomplishing short-term business objectives and developing long-term competitive advantages. Despite the growth of scholarly research in the implementation of the Le-Green practices in the construction industry, the role of, and capability of the determine, Le-Green practices remain poorly understood. Therefore, this chapter will discuss the theoretical background of lean and green and introduce a conceptual framework integrating lean, green, top-management commitment, and sustainable business performance.
[bookmark: _Toc20133005]The Theory of Lean (Transformation, Flow, Value)
The term “lean” was introduced by John Krafcik in 1988 in the paper “Triumph of the lean production system” (Krafcik, 1988), while the first book on “lean,” The Machine That Changed the World, was authored in 1990 by Jim Womack, Daniel Jones, Daniel Roos, and Krafcik’s  (Womack, et al., 1990). The lean concept is an alternative mass-production system to that used in the West, based on the TPS (Krafcik, 1988). The main goals of production are to: produce products; reduce production system costs, time, and materials; and fulfill customer needs based on flexibility, reliability, and quality (Womack, et al., 1990). Therefore, lean theory application allows the industries to improve their production capabilities (Feng & Ballard, 2008; Zokaei, et al., 2017). Abdelhamid et al. (2008) described lean as a complete design and delivery philosophy with the primary purpose of maximizing the value for all stakeholders, employing collaborated, systematic, and continuous improvements. 
Lean theory can be examined from three different perspectives. The first concerns the transformation aspect, which focuses on the production process as a transformation of the inputs to the outputs. This viewpoint proposes breaking down the whole process into smaller steps and optimizing each step independently (Porter, 1985; Wortmann, 1992). The second viewpoint concerns flow, which makes every effort to eliminate waste from the processes flow (Gilbreth & Gilbreth, 1922). The flow perspective employs the principles of variability reduction, lead-time reduction, and simplification (Koskela, et al., 2002). The third concerns the value principle of production theory, which aims to maximize the greatest possible value from the customer’s perspective (Shewhart, 1931). Shewhart’s PDCA lean scientific method has been used extensively in the quality movement, which utilizes the analysis of requirements and manages the flow (Koskela, et al., 2002). Table 6 summarize the seven types of production-system waste. The three views must be integrated to build a theory utilizing the concepts of transformation, flow, and value (TFV). The TFV or lean theory suggests that forming, structuring, managing, and improving production must use all three viewpoints collectively (Koskela, et al., 2002). 
Table 6 – Seven Types of Manufacturing Waste.
	Production System Waste 
	Definition

	Overproduction 
	Produce greater quantities than the customer demands

	Inventory 
	Any material, in raw form, work in progress (WIP), or as finished goods with no added value 

	Extra Processing Steps 
	Processes outside the customer standard requirements 

	Motion 
	Movements of individuals more than is needed to complete the process 

	Defects 
	Item or component which does  meet the quality standard required by the customer  

	Waiting 
	People or items on hold or waiting for one or more work cycle to be completed

	Transportation 
	Needless parts movement between processes


Source: Ohno (1988).

The term lean construction (LC) was coined in 1993 by the International Group for Lean Construction (Nguyen & Chang, 2012). The LC concept is copied from the lean production concept originating from the TPS (Koskela, 1992). LC supports the identification of wasteful and inefficient activities in the processes, thus allowing the improvement of the overall performance (Koskela, 1999). Ballard (2000) divided lean in the context of construction into four interrelated phases: definition of the project; lean design; lean supply chain; and lean assembly. Several benefits were observed following lean implementation in construction projects, including cost savings and shortened construction times (Koskela, 1999; Mossman, 2009).
[bookmark: _Toc20133006]The Theory of Green 
Green is one environmental pillar of the TBL and is also known as natural capital; it aims to decrease or eliminate pollution such as waste materials, CO2 emissions from vehicles (Jaillon et al., 2009), noise, and the release of pollutants into the atmosphere, ground, and water (Zhang et al., 2011, Shrestha, 2016), while encouraging the use of green materials (Hassan, 2006). The most frequently cited definition of greenness comes from the Brundtland Report of 1987 (Brundtland, 1987,p37) in which environmental sustainable development (green) was defined as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs” (Borowy, 2013). The US Environmental Protection Agency (2017) defined sustainability (green) as creating and maintaining the circumstances under which nature and humans can be in productive harmony to support present and upcoming generations. In this context, companies must not only reduce their waste, gas emissions, and consumption of energy, but must also increase their use of renewable energy and recycled materials (Başar, 2018).
Hawken et al. (1999) stated that the green approach will create the next industrial revolution. The global economy is founded on natural resources and the ecosystem that sustains us. Therefore, to continue to gain the benefits of the environment, it is essential to recognize the importance of natural capital within the economy (Hawken, et al., 1999; Paksoy, et al., 2019). The next industrial revolution will require the adoption of four fundamental strategies: resource protection through using more effective industrial processes; materials reuse as found in natural systems; a shift in values from quantity to quality; and sustaining natural resources (Hawken, et al., 1999)
As previously stated in Chapter 2, there are many environmental indicators in the literature that have been used in different contexts, with different characteristics and associated with various advantages and disadvantages, including ESI, EFpA, and GPI.
[bookmark: _Toc20133007]Sustainable Business Performance 
Sustainable performance is the outcome of the application of the TBL (Sebhatu, 2017). The TBL is a tool that reveals the performance of the company as a whole system. Sustainability is a comprehensive discipline that includes corporate limitations of responsibility and its mechanisms (Kopnina, 2017). The TBL provides a methodology that can support profit evaluation but can also add an entirely new perspective to the method itself. Therefore, environmental, social, and economic pillars are factors that indicate an evident level of corporate profitability (Nguyen, et al., 2018).
Sustainable performance is defined as the degree to which an organization succeeds in achieving its objectives (Sebhatu, 2017). Cruz and Marques (2014) defined sustainable performance as a social objective with an intense focus on TBL performance in terms of profit, planet, and people. Business sustainable performance is the process of achieving financial objectives in creating value for the investors, while also protecting the interests of stakeholders by focusing on non-financial objectives (Cruz & Marques, 2014). Artiach et al. (2010) defined it as the limit to which an organization integrates its concerns in terms of profit, environment, and people, as well as how it manages its operations for the greatest impacts on the organization and the community, whereas Stanciu et al. (2014) defined it as an organization’s ability to satisfy the needs and expectations of stakeholders based on long-term, effective, and balanced management with appropriate awareness of their staff applying improvements and innovations.
Sustainable performance can be measured with three dimensions: economic performance (defined as the extent to which the organization improves its operations and financial results); environment performance (defined as the extent to which the organization improves its control of waste and resource management efficiency); and social performance (defined as the extent to which the organization improves its outcomes related to its employees and society) (Long & Nguyen, 2018). Sustainable performance is considered as the main pillar of TBL theory; balancing all the dimensions is essential to improving the organizational competitive advantages (Nguyen, et al., 2018). Proper performance management helps organizations to effectively understand their current position, monitor their improvement of their goal achievement, and recognize latent sources obstructing their success (Norazlan, et al., 2014).
[bookmark: _Toc10728820][bookmark: _Toc20133008]Demarcation of Lean, Green, and Sustainable Business Performance Paradigms 
Lean aims to eliminate waste in all areas, including design, production, supplier networks, and management (Chauhan & Singh, 2012); hence, the lean and green combination seems natural. However, although several studies have studied the impact and relationship of lean and green practices on organizations and sustainable business performance (Hajmohammad et al., 2013; Carvalho et al., 2014), the combination of lean and green as an integrated methodology has only been explored by a few experts and researchers (Dües, et al., 2013). Dües et al. (2013), for example, conducted a study aiming to explore and conceptually evaluate the “green lean” paradigm. Their results revealed that lean has a positive influence on green actions and measures and that these, in turn, are beneficial for lean business practices. Similarly, Duarte (2011) examined how different business models can contribute to demonstrating a green-lean approach for organizations. Based on this, Duarte and Cruz-Machado (2013) proposed guidelines to model green-lean organizations. Other researchers studied the “green lean” concept impact on different filed of business as supply chain, and business performance, (Chaplin & O’Rourke, 2018; Inman & Green, 2018;Thanki & Thakkar, 2018; Carvalho, et al., 2019;Choudhary, et al., 2019;Leong, et al., 2019). Researchers concluded that integration of lean and green will positively impact the organization supply chain and business performance.

[bookmark: _Toc20133009]Comparison of Lean and Green 
The shift towards green operations has forced organizations to pursue alternative means to combining with green objectives the traditional measures of performance, profitability, efficiency, quality, and customer satisfaction. Le-Green is the result of this combination. Thinking about the lean and green meanings, their similarities seem to be centered around their joint vision and focus on waste elimination or reduction (Garza-Reyes, 2015); however, the lean and green combination goes beyond this. Mollenkopf et al. (2010) suggested that lean and green look for more efficient systems to eliminate or reduce undesired products and negative environmental impacts throughout the entire operational process. Simpson and Power (2005) mentioned that lean and green practices are similar in that they produce an efficient and well-organized system dedicated to continuous improvement. Duarte and Cruz-Machado (2013) stated that the Le-Green practices work together to support the improvement of processes at the operational level, thus reducing operational costs. Therefore, it feasible to conclude that Le-Green practices represent a successful tool to enhance and improve processes, decrease costs, and maintain organizations’ sustainable business performance (Garza-Reyes, 2015).
Mollenkopf et al. (2010) stated that lean companies that apply continuous-improvement techniques are more likely to understand and accept environmental innovations. As lean aims to emphasize waste reduction, it will be the best environment in which to apply green philosophies and tools (Kurdve, et al., 2014). The similarity between the lean and green seems logical. However, green goes beyond waste reduction and is concerned with process efficiency, material consumption reduction, recycling, and quality-improvement approaches; the improvement of customers’ satisfaction is also one of the ultimate objectives of green (Kurdve, 2014). Therefore, it is possible to identify similarities between lean and green philosophies, which are: waste reduction; lead-time reduction; and the use of different approaches and techniques to manage organizations (Dües et al., 2013; Mollenkopf et al., 2010). However, waste has different perceptions and meanings in lean and green concepts (Dües et al., 2013; Duarte & Cruz-Machado, 2013). For lean, waste pertains to any non-value-added activities to the final product, while waste in the green concept is connected to the wasteful consumption any natural resource, such as water or energy (Duarte & Cruz-Machado, 2013).
One similarity between lean and green concepts concerns the fact that non-value-added activities and actions can be considered as wasting natural resources. For instance, excessive or unnecessary transportation of raw materials and/or products is not only one of the wastes defined by lean philosophy but also a waste of the natural resources (green philosophy). In consequence, lean and green practices target less transportation, both to reduce costs (lean practices) and to reduce the consumption of natural resources and CO2 emissions (green practices) (Carvalho, et al., 2011).
Excessive inventory is another example, which is considered a waste according to lean because it increases the lead time, prevents the quick identification of problems, and reduces communication efficiency (Hines & Rich, 1997). Furthermore, excessive inventory demands storage space that requires lighting and, sometimes, heating or chilling, which, from the green point of view, is considered a waste of energy if the lighting, chilling and/or heating are not done effectively (Franchetti, et al., 2009). Thus, it is possible to connect all the types waste as defined in lean practices to waste defined as defined by green practices. This highlights that lean can facilitate companies’ green policies and practices (Garza-Reyes, 2015).
However, there are some areas in which lean and green cannot be linked, demonstrating that there are still certain limitations when considering lean and green as an integrated approach. It seems impossible to merge several objectives of the two approaches, such as: their main focus; what precisely constitutes waste; looking to the customer; and approaches towards business strategies (Dües et al., 2013; Mollenkopf et al., 2010). Consequently, despite the several similarities previously identified, lean and green cannot perfectly be merged; they are synchronized and, accordingly, can successfully work together; however some points are still worthy of attention when setting up both initiatives to work simultaneously (Garza-Reyes, 2015).
According to Duarte and Cruz-Machado (2013), the central difference between lean and green concerns how to define waste; this difference was also recognized by Dües et al. (2013). Even though both meanings apply a working approach to improve processes at the operational level, lean focuses on space reduction, workforce reduction, capacity utilization increase, higher flexibility in the system, and the standard components use (Duarte & Cruz-Machado, 2013; Pettersen, 2009), whereas green extends from practices like the 5R’s (reduce, reuse, recycle, rework, and return) (Duarte & Cruz-Machado, 2013). Another difference between lean and green concerns the customer type (Dües, et al., 2013). Lean focuses on lead-time reduction and cost reduction to satisfy customers (Carvalho, et al., 2011); however, green customers are more affected by the product’s environmental impact and how it is helping them being more green (Dües et al., 2013; Mollenkopf et al., 2010). Furthermore, green customers are ready to pay more for environmental friendly or green products, which does not occur in the case of lean customers. Consequently, it is evident that lean and green are not completely similar (Garza-Reyes, 2015); there remain a few areas in which they cannot be combined. However, these areas do not preclude or weaken the utilization of lean and green simultaneously as a joined management approach; it can in fact be an opportunity to improve both methods in a system that they can perfectly match (Garza-Reyes, 2015). Dües et al. (2013) asserted that organizations implementing lean and green jointly achieve higher environmental commitment and also maintain sustainable business performance.
The success for lean expansion into other industries beside manufacturing has also been extensively recorded (Garza-Reyes, 2015), and it has now been accepted as one of the best practices for many organizations in different industries all around the world (Forrester, et al., 2010). This substantiate the fact that Le-Green will be able to support organizations in achieving the targeted improvements that are not only driven by short-term financial goals but also by long-term goals both of improved business performance and environmentally oriented strategies (Garza-Reyes, 2015).
[bookmark: _Toc20133010]The Integration of Le-Green and Sustainable Business Performance
Martinez et al. (2009) suggested the integration of lean construction philosophies and green building, while Enache-Pommer et al. (2010) proposed the integration of lean, green, and building information modeling (BIM) software during the early design stages of projects in the healthcare construction sector. Verrier et al. (2014) proposed a method that adds social and environmental dimensions to the consideration of economic returns brought about by lean actions. In the construction industry, Joshi and Sharma’s (2014) and Kurdve et al.’s (2014) studies explored lean and green integration as consolidated tactics. Generally, studies have investigated and discussed the relationship between lean and green by highlighting the similarities and differences between the two, possible benefits of their integration, and their impact on organizations’ sustainable business performance.
The attributes distinguishing the lean, green, and sustainable business performance paradigms are summarized in Table 7, including a comparison of purpose, focus, and how customer satisfaction is accomplished, as well as details of the relationship with suppliers and customers, raw material sourcing, storage, and transportation. 








Table 7 – Attributes of Lean, Green, and Sustainable Business Performance.
	Attribute
	Lean Paradigm
(Womack et al., 1990; Koskela et al., 2002; Feng & Ballard, 2008)
	Green Paradigm
(Zhang et al., 2011; Shrestha, 2016),
	Sustainable Business Performance Paradigm
(Kopnina, 2017; Nguyen et al., 2018) 

	Purpose
	Increasing profits and reducing costs 
	Reducing or eliminating the negative environmental impacts and improving organizations’ ecological efficiency and that of their partners
	Cost reduction, customer satisfaction, profitability, reputation, position, and waste reduction 
Future generations 
High quality and on-time delivery 

	Focus
	Cost reduction and improved flexibility, applying continuous waste elimination 
	Sustainable development and ecological impact reduction through waste and pollution resource elimination
	Customer satisfaction, profitability, reputation, position, and waste reduction 

	Customer satisfaction
	Reducing lead times and costs 
	Helping customers to being green
	Cost reduction, high quality, and on-time delivery 

	Lead time
	Shortening lead times without affecting the costs 
	Reducing lead-time transportation while not increasing CO2 emissions 
	

	Relationship with suppliers and customers
	Collaborative, trusting, win–win, long-term relationships with selected suppliers to build a common understanding of waste reduction and higher operational efficiency in the delivery of existing products and services 
	Sharing green knowledge and environmental risk within partners 
	Maximizing performance and minimizing cost s

	Material sourcing and supply
	High quality and low cost, applying JIT practices through a demand-based system 
	Green purchasing, focusing on renewable  resources, reducing waste, using reusable components 
	Maximizing performance

	Inventory
	Minimizing inventory and high turnover in order to reduce costs
	Reducing inventory by decreasing redundant materials and introducing reusable parts and materials in the inventory 
	Minimizing costs 

	Transport
	Reducing material handling activities, small deliveries of materials and products 
	Reducing handling activities to reducing fuel consumption and CO2 emissions 
	Minimizing costs



The literature reveals that the implementation of Le-Green principles will result in major improvements in sustainable business performance (Wiese, et al., 2015). Businesses’ results can be improved by simultaneously implementing Le-Green principles in an integrated manner (Figure 2 illustrates this model). Bergmiller and McCright (2009) suggested that a model that integrates Le-Green principles into one comprehensive practice that focuses on all waste reduction will be the most effective and efficient means of achieving long-term organizational business performance and can eventually lead to gains in overall competitiveness. By definition, Le-Green thinking focuses on improved business results in terms of cost, market position, reputation and product design (Wiese, et al., 2015). Le-Green principles can be integrated directly into the organizational business model and change it to make it more effective than other methods in delivering the key strategic objectives of the organization (Bergmiller & McCright, 2009). This suggests that the incorporation of Le-Green principles into the business strategy will improve the long-term business performance (Prasad, et al., 2016). Implementing Le-Green principles should both achieve efficiency and prevent or eliminating waste (Wiese, et al., 2015).
[image: ]
Figure 2 – Integrated Model of Le-Green Principles and Sustainable Business Performance.

Le-Green practices focus on enhancing value for the customer by collaborating with suppliers and customers, analyzing the existing operations, and identifying opportunities to reduce or eliminate waste to operate more efficiently. Research has demonstrated that many businesses worldwide benefit from the Le-Green approach by improving the operational, economic, and performance measures (Pampanelli et al., 2014; Prasad et al., 2016). The Le-Green approach also develops the competitiveness of the company (Verrier et al., 2104), its supply chain (Carvalho et al., 2017; Dües et al., 2013), and its social and environmental image. The Le-Green approach enables companies to perform in a profitable and sustainable way at the same time (Prasad et al., 2016).
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The present study’s framework was developed based on lean theory (or TFV) (Womack et al., 1990; Koskela et al., 2002), green theory (Brundtland, 1987; Başar, 2018), and sustainable performance theory (Norazlan et al., 2014; Nguyen et al., 2018). Lean methodology application was explored and reviewed in different industry sectors, and the theoretical lean concept will explain the relationship between construction lean techniques and their influence on construction firms’ business performance (Al-Aomar, 2012; Mclean et al., 2017). Authors such as Salem et al. (2006), Jorgensen and Emmitt (2009), Huang et al. (2012), Ogunbiyi et al. (2012), Mclean et al. (2017), Koolwijk et al. (2018), and Tresidder and White (2018) preformed studies to identify the key lean factors in the construction industry. Several other authors have studied green construction and identified the key factors (Darnall et al., 2008; Seuring & Muller, 2008; Varnäs et al., 2009; Zhang et al., 2011; Shi et al., 2013; Shrestha, 2016; Ng et al., 2012; Zutshi & Creed, 2015; Omer, 2017; Kleemann et al., 2019; Wong & Cronin, 2019). Based on the review of above-mentioned literature, Figure 3 depicts the theoretical framework adopted.
Top-management commitment is considered a significant factor in improvement programs, and many papers have been written about the role of top-management commitment in implementing a quality management systems (Chinomona, et al., 2017). A lack of top-management commitment and support has concluded to be a major barrier for the application of Le-Green factors. Several studies, for example, have found the lack of top-management commitment and support to be the major obstruction to the implementation of Le-Green factors in organizations. Shang and Sui Pheng (2014) found that top-management commitment and support was the most important factor in the application of Le-Green factors in China’s construction industry. Omran and Abdulrahim (2015) concluded that lack of top-management commitment ranked second among seven barriers found in Libya’s construction industry. Furthermore, top-management commitment was found to be the second most important factor affecting the implementation of Le-Green factors in the UK construction industry (Sarhan & Fox, 2013).
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Figure 3 – Theoretical Framework.
[bookmark: _Toc20133012]Hypotheses Development
Based on the hypothesis testing for the research framework, the following hypotheses are proposed:
H1a: There is a significant relation between lean techniques and sustainable business performance.
H1b: There is a significant relation between green techniques and sustainable business performance.
H2a: There is a significant relation between lean techniques and Management commitment.
H2b: There is a significant relation between green techniques and Management commitment.
H3: Management commitment mediates the relationship between Le-Green techniques and sustainable business performance.
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This chapter has discussed the theoretical background of lean, green, and sustainable business performance. A theoretical framework has been proposed to investigate the relationship between lean, and sustainable business performance, as well as between green and sustainable business performance. Top-management commitment has been developed as mediator of lean, green, and sustainable business performance to determine if top-management commitment can be reliably measured in the effect the Le-Green practices’ adoption in the construction industry. 
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Research is a systematic approach that follows a hierarchy and sequence of steps to explore or resolve a research question (Gog, 2015). An appropriate research method and research design should be selected to match the purpose of the research and deliver the research objectives. Three methods can be applied to conduct research: qualitative; quantitative; and mixed methods. 
Qualitative methods entail the exploration and documentation of an event or activity to provide strategies for solving a problem (Mayer, 2015). Tumele (2015) described the increasing popularity and acceptance of the qualitative method in the academic community. The conventional concept of qualitative research involves researchers who are in contact with participants and interact with them; researchers using this method are not external observers (Hlady-Rispal & Jouison-Laffitte, 2014). The qualitative method is ideal for theory expansion and data collection (Mukhopadhyay & Gupta, 2014). Qualitative research often starts with a perceived problem or unsatisfactory phenomenon that the researcher wants to explore (Collins & Cooper, 2014).
Research informed by a qualitative methodology has a research design that is study-specific, and the data collected by a qualitative method is represented as textual units rather than numeric representations. Data analysis focuses on eliciting key themes and ideas associated with the participants being studied. The representation of the findings is usually in narrative form (Jennings, 2001). Qualitative research is generally multi- and inter-disciplinary and cuts across philosophical boundaries. It employs a wide variety of interconnected empirical methods attempting to make meaning of people’s experiences in order to better understand the phenomena of interest to the researcher (Denzin & Lincoln, 2005).
Quantitative research, on the other hand, is applied to statistically determine the strength of relationships between variables using collected data. The data collected consists of compiled scores for each of the independent variables and the dependent variable. This enables an analysis of the main and interaction effects of the independent variables on the dependent variable. Quantitative research involves the scientific investigation of quantitative properties and phenomena and their associated relationships. Falling within the positivist paradigm, quantitative methodology closely follows the scientific methods involving objectivity, reliability, validity representation, and generalization; it is both deductive and inductive (Vaske, 2008). The objective of quantitative research is to develop and utilize mathematical models, theories, and/or hypotheses that pertain to the phenomena under investigation (Creswell, 2007). Quantitative techniques involve numbers and, generally, the information collected and conclusions drawn are subject to statistical analysis.
Mixed methods research (the combination of qualitative and quantitative methods within a single study) has developed rapidly in recent years (Denscombe, 2008). This approach is becoming increasingly accepted as the third methodological movement, alongside each of its component methods, qualitative and quantitative research (Tashakkori & Teddlie, 2003). Mixed methods research combines qualitative and quantitative data collection and data analysis within a single study (Molina-Azorın, 2012). Johnson and Onwuegbuzie (2004) argued that a key feature of mixed methods research is its methodological pluralism, which frequently results in superior research compared with that of mono-method designs; others have point out, however, that mixed methods research is not intrinsically superior to research that relies on a single method (Molina-Azorín & Font, 2015). Nevertheless, the overall purpose and central premise of mixed methods is that the use of quantitative and qualitative approaches in combination may provide a better understanding of research problems than either approach alone (Creswell & Plano Clark, 2007). A comparison of the characteristics of qualitative and quantitative research methods is presented in Table 8.













Table 8 – Comparison of the Research Methods’ Characteristics.
	
	Qualitative Research
	Quantitative Research

	Objective
	Exploratory research to understand motivations and perceptions
	Quantify data, measure and benchmark outcome to generalize results, and predict future behaviors

	Sample
	Relatively small
	Large and projectable

	Methodology
	Personal interview or focus group
	Surveys

	Data collection
	Semi-structured interview with certain guidelines
	Highly structured questionnaires including different types of questions

	Data analysis
	General, none-statistical, and focusing on the concepts
	Statistical and numeric, including analytical methods

	Reporting outcome
	Conceptual and directional
	Graphical reports providing business guides to decision makers


Source: Bernard (2017).

[bookmark: _Toc20133016]Justification of the Research Method 
The main objective of this research is to investigate the effect of the application of Le-Green construction practices on sustainable performance in the construction industry. It also aims to investigate the impact of construction organizations’ top-management commitment towards the adoption of Le-Green construction practices. In order to empirically assess the relation between Le-Green practices and sustainable performance in the construction industry, a quantitative research method was applied. A quantitative method examines the differences of characteristics or variables of the entities. Data were gathered about all variables in all groups. The data allowed measurement of the characteristics in relation to the research questions:
RQ1. What are the lean and green attributes of the construction industry?
RQ2. How do Le-Green practices impact the sustainable business performance of construction companies in the UAE?
SEM was employed to identify and develop the model, test the model fit, assess the contribution of each scale item to the variables, and examine the relationship between variables, with homogeneity or heterogeneity being identified for the variables. Finally, the quantitative method outcomes were interpreted and translated into meaningful results and recommendations.
[bookmark: _Toc20133017]Research Design
Due to the nature of the research problem identified, the study’s research design was based on the quantitative method, which was appropriate to investigate the hypothesized relationships among variables (Creswell, 2008). The research design followed the steps shown in Figure 4 to answer the research questions.
[image: ]
Figure 4 – Research Design.



[bookmark: _Toc10727535][bookmark: _Toc10728844][bookmark: _Toc10727536][bookmark: _Toc10728845][bookmark: _Toc20133018]Research Problem Identification 
Studies have shown that the construction industry is still considered “broken,” and that cost overruns and delays continue to threaten project success (Seed, 2016). Findings regarding construction inefficiency reveal that project costs’ waste is 25–50% (Tulacz, 2007). Overall construction labor productivity has decreased, with projects’ final costs over budget and completion being delayed (Seed, 2016). Another study revealed that 49% of owners and contractors have experienced more than 10% productivity reduction (Construction Industry Resources, 2016).
It is estimated that the construction industry is responsible for approximately 40% of energy consumption, 30% of CO2 emissions, and 40% of total solid production waste globally (Copenhagen Resource Institute, 2014). The construction industry contributes significantly to the economic performance of UAE. A total of 11% of the UAE’s GDP in 2015 originated from the construction industry (Chamber, 2016). In 2016, the Cityscape Global Exhibition announced projects worth eight billion US dollars (thirty billion UAE dirhams) (Cityscape Global, 2016); therefore, improving construction performance is fundamental for both accomplishing short-term business objectives and developing long-term competitive advantages. Despite the growth of scholarly research in the implementation of Le-Green practices in the construction industry, the role of, and ability to determine, Le-Green practices remains poorly understood. To date, analysis has focused on identifying the determinants for the adoption of the Le-Green practices, rather than not offering significant insights into the role and the capabilities of Le-Green practices (Pitt et al., 2009; Elmualim et al., 2012). Furthermore, construction research provides very little organized and inclusive work linking Le-Green practices in the construction industry to actual adoption at the organizational business level.
[bookmark: _Toc20133019]Development of the Research Questions 
The research problem identification supported developing the research questions and research objectives relevant to the addressing research problem. The research questions formulated are as follows: 
RQ1. What are the lean and green attributes of the construction industry?
RQ2. How do Le-Green practices impact the sustainable business performance of construction companies in the UAE?
[bookmark: _Toc10728848][bookmark: _Toc20133020][bookmark: _Toc10727540][bookmark: _Toc10728849]Identification of Le-Green Practices’ Factors
To identify the study factors, the literature was reviewed, examined, and analyzed to provide relevant theories related to Le-Green practices in the construction industry. Identifying the related factors provided the basis for answering the research questions. The results of the literature review helped to collect and establish the Le-Green practices related factors in construction industry, as presented in Table 9.
Table 9 – Le-Green Practices’ Factors.
	Lean Construction Techniques
	References

	Waste reduction (WR)
	Green & May, 2005; Salem et al., 2006; Woksepp & Olofsson, 2008; Jorgensen, 2009; Al-Aomar, 2012; Mclean et al., 2017; Tresidder & White, 2018; Crowther & Ajayi, 2019; Phogat & Anil Kumar Gupta, 2019

	Process focus (PF)
	Ballard, 2003; Green & May ,2005; Salem et al., 2006; Ballard, 2008; Winch, 2006; Woksepp, 2008; Jorgensen & Emmitt, 2009; Lina & Hafiz Ullah, 2019; Wu et al., 2019

	End-customer focus (ECF)
	Green and May, 2005; Jorgensen & Emmitt, 2009

	Continuous improvement (CI)
	Green & May, 2005; Pheng & Fang, 2005; Salem et al. 2006; Jorgensen & Emmitt, 2009; Lina & Hafiz Ullah, 2019

	Cooperative relationships (CR)
	Green & May ,2005; Eriksson & Laan, 2007; Khalfan, 2007; Jorgensen & Emmitt, 2008; Elfving, 2010; Erikson, 2010; Akanbi et al., 2019

	Green Construction Techniques
	References

	Supplier awareness (SA)
	Ofori, 2000; Varnäs et al., 2009

	Client awareness (CA)
	Anon., 2002; Adetunji et al., 2003; Simpson et al., 2004; Yu & Bell, 2007; Zhang et al., 2011; Ng et al., 2012

	Energy and water saving (EWS)
	Zhang et al., 2011; Ng et al., 2012; Shrestha, 2016

	Facilitating green practices (FP)
	Seuring & Muller, 2008; Zutshi & Creed, 2015

	Renewable resources (RS)
	Hoen et al., 2011; Zhang et al., 2011; Dastrup et al., 2012; Ng et al., 2012 

	Business Performance Indicators
	References

	Economic
	Rao et al., 2005

	Competitiveness
	Rao et al., 2005

	Mediation factor
	References

	Top-management commitment
	Shang & Sui Pheng, 2014; Abolhassani et al., 2016



[bookmark: _Toc20133021]Framework Development
To investigate the Le-Green practices’ relationship with sustainable performance in the construction industry, the framework depicted in Figure 5 was developed to assess both the presence and the strength of the association between Le-Green practices and sustainable performance.
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Note: For detailed information, please refer to Chapter 2
Figure 5 – Conceptual Framework.

[bookmark: _Toc20133022]Study Instrument
The study instrument was developed as a questionnaire survey based on existing and validated survey instruments. The study instrument included five main sections:
Section 1: General and demographic information: related to general information about the construction company’s size and the respondent’s occupation and experience (Ogunbiyi, 2014).
Section 2: Investigating the lean core value and its practical site practices at the construction sites, including waste reduction (Andrew, et al., 2004), process focus, end-customer focus, continuous improvement (Nunez & Helen, 2014), and system perspective (Kulatunga, et al., 2006).
Section 3: Investigating the green core value and its practical site practices at the construction sites, including supplier awareness (Ofori, 2000; Varnäs et al., 2009), client awareness (Yu & Bell, 2007; Zhang et al., 2011), energy and water saving (Zhang et al., 2011; Ng et al., 2012; Shrestha, 2016), facilitating green practices (Seuring & Muller, 2008; Zutshi & Creed, 2015), and renewable resources (Hoen et al., 2011; Dastrup et al., 2012).
Section 4: Investigating the mediation role of the construction company’s top-management commitment towards the adoption and application of Le-Green construction practices in construction activities (Shang & Sui Pheng, 2014; Abolhassani et al., 2016).
Section 5: Highlighting the influence of the adoption of Le-Green construction practices on the sustainable business performance of the construction company and the improvement of the competitive and commercial outcomes (Rao et al., 2005).
All questions were evaluated on a five-point Likert scale ranging from (1) strongly disagree to (5) strongly agree. 
[bookmark: _Toc20133023]Population and Sample Size 
The population studied was Tier 1 construction organizations in the UAE (Municipalities, 2018). Tier 1 construction companies are companies that have: capital value of AED 30,000,000 (thirty million) at least; ISO 9001, ISO 14001, and OHSAS 18001 certifications; a staff of full-time specialized engineering and technical cadre registered in the Engineers’ Registry; and a total value of previously executed projects of not less than AED 480,000,000 (Municipalities, 2018). The list of Tier 1 companies was downloaded, including the companies’ contact information, which comprised 400 companies. An introductory mail sent to these Tier 1 companies explaining the purpose of the research with an attached letter from the Abu Dhabi University (ADU) and details regarding the confidentiality of the collected information. A total of 250 Tier 1 companies responded to accept participation in the research, including the contact information of their HR department’s mangers in order to facilitate communication with their employees. 
The sample size determines the precision and stability of the model that researchers intend to estimate (Brown, 2015). Hair et al. (2010) proposed the guidelines for minimum sample size (i.e. N ≥ 100) and the minimum number of cases per parameter (i.e. at least 5–10 cases per estimated model parameter). MacCallum et al. (1996) presented recommendations for minimum sample sizes based on degrees of freedom and effect size. Brown (2015) and Hair et al. (2010) noted that a sample size should depend on context of the obtained data set and model, considering the following components: the complexity of model; multivariate normality of the data; the estimation method; the amount of missing data; and the average error variance of measured variables. 
Thus, Hair et al. (2010) suggested sample sizes ranging from 100 to 400 for using maximum likelihood estimation (MLE) in SEM. According to Wolf et al. (2013), sample size requirements for SEM studies commonly range between 30–460 participants. Schreiber et al.(2006) recommended a minimum of 10 participants per variable in order to maintain the stability of the parameter estimates. Furthermore, Nunnally and Bernstein (1994) recommended 20–30 participants per independent variable within SEM studies in order to increase the chances that results may be replicated and not mere artifacts; other existing literature contains similar variable numbers and types. This dissertation study, therefore, aimed for a minimum of 20–30 participants per independent variable (12), equaling a total 220–360 potential participants. For this study, the upper limit of 360 respondents was targeted.
[bookmark: _Toc20133024]Data Collection
The selected Tier 1 companies’ HR departments were contacted to provide a list of their employees. The list was filtered to match the following criteria: participants should be participating in setting up and implementing the organization’s strategic decision-making processes. Participants included project managers, project engineers, site foremen, architects, and quality assurance (QA)/ quality control (QC) inspectors. A total of 700 employees were listed from different companies. An introductory email, together with a summary of the present research study objectives and a web link to the online questionnaire (hosted on Survey Monkey) was sent to the targeted population after approval from Abu Dhabi University Institutional Review Board was obtained. A total of 552 employees agreed to participate in the survey. The survey emailed to the selected respondents had a one-month period in which to complete the questionnaire. After two weeks, a reminder was sent to all respondents, followed by weekly reminders. A total of 272 surveys were received, of which 243 were fully completed and 29 had some fields missing.
[bookmark: _Toc20133025]Data Analysis Procedure
Descriptive Statistics 
Data analysis was finalized for all data to ensure any variances were identified and reported. Data scanning was performed to identify missing data and responses that did not correspond to the stated questions. Regression was used to assess the relationship between the independent and dependent variables. In addition, the MLE method for estimating the parameters of a statistical model was used to enable factor analysis.
Structural Equation Modeling (SEM) 
A SEM two-step technique was employed to answer the research questions and test the hypotheses. The use of SEM enabled the assessment of the strength of the relationships between dependent and independent variables, direct, indirect, and total effects, and the development of path coefficients to better define the relationships of the variables. Software programs such as the Statistical Package for the Social Science (SPSS version 24), AMOS software, and Microsoft Excel were utilized in conducting the statistical analyses. SEM was also employed to calculate fit indices of the model to establish whether the model was acceptable and if specific paths were significant (Hooper, et al., 2008). Moss and Yeaton’s (2014) test was employed to test the model fitness and validity, as detailed below.
Confirmatory Factor Analysis (CFA)
CFA is a key component of two-step SEM, which is specified as a measurement model assessing how measured variables reflect certain latent variables (Thompson, 2004). The CFA method provides a comprehensive means for validating the measurement model for latent variables (Ahmad, 2013; Brown, 2015). The results of a measurement model utilizing CFA provide critical evidence for construct validity, achieved by convergent validity and discriminant validity (Hair, et al., 2010).
Model Validity Measurement
Model validity measurement depends on: achieving reasonable levels of model fit statistics for the measurement model; and providing evidence of construct validity (Hair, et al., 2010). The measurement model provides evidence of the assessment of validity and reliability (Awang, 2013), while the model’s goodness of fit represents the extent to which there is a similarity between the observed and estimated covariance matrices (Wang & Wang, 2012).
Construct Validity
Construct validity refers to extent to which a set of measured variables represents the theoretical latent variable they are intended to measure (Hair, et al., 2010). In other words, uni-dimensional measures are referred to as “a set of measured variables that could be explained by only one underlying construct” (Hair et al., 2010, p. 696). By removing redundant measured variables, improved uni-dimensionality, validity, reliability, and fitness of latent variables can be established (Ahmad, 2013). Construct validity can be established by specific evidence of convergent validity and discriminant validity.
Convergent Validity
CFA has the ability to provide distinct evidence of the convergent validity of the latent variables (Brown, 2015). Convergent validity is verified by evidence that different indicators of theoretically similar constructs are strongly interrelated (Brown, 2015). In other words, the indicators (measured variables) of a specific latent variable should converge with a high proportion of variance in common (Hair, et al., 2010). Hence, convergent validity should be established by acceptable levels of factor loadings, construct reliability (CR; McDonald, 1978), and average variance extracted (AVE; Fornell & Larcker, 1981).
Factor Loadings
Factor loadings are the coefficients that connect the measured variables to their underlying latent variables, which describes how variance (R2) is accounted for by the latent variable (Wang & Wang, 2012). If measured variables are uni-dimensional, all measured variables have acceptable factor loadings for the individual latent variable. Although there is no clearly confirmed guideline of cut-off values for the critical magnitude of standardized factor loadings, an absolute level of 0.3 can be considered as an acceptable minimum cut-off (Brown, 2015; Thompson, 2004; Wang & Wang; 2012). Factor loadings over 0.7 can be considered as high (Hair, et al., 2010) and those less than 0.3 as poor (Ullman, 2014). Awang (2013) proposed that measured variables affecting poor fit in the measurement model due to low factor loadings should be removed and that the measured variable deletion should not exceed 20% of total measured variables in a model. The factor loadings of all measured variables were estimated by using AMOS version 24.
Construct Reliability
The reliability of an instrument provides evidence of whether the results of the measurement are repeatable under identical conditions (Blunch, 2013). In other words, reliability refers to the extent to which a variable or set of variables is consistent with what it is intended to measure (Hair, et al., 2010). The reliability of scales can be estimated by internal consistency reliability (ICR; Cronbach’s alpha) and CR. The ICR estimates how strongly the measured variables are correlated in respect to latent variable (Hair, et al., 2010). Although, conventionally, a Cronbach’s alpha value greater than or equal to 0.8 is good (Nunnally & Bernstein, 1994), a value of 0.7 can be considered as an acceptable cut-off threshold (Kline, 2016).  Although high reliability is aligned with lower measurement errors, it does not ensure that a latent variable (construct) is measured accurately (Hair, et al., 2010). The CR refers to the internal consistency of the measured variables representing a latent variable (Hair, et al., 2010). 
Discriminant Validity
Discriminant validity is assured through results showing that the measured variables of a respective construct are not highly inter-correlated (Brown, 2015). Discriminant validity is estimated by comparing the AVE values and the squared inter-construct correlation (SIC). To determine discriminant validity, the AVE vales for the two constructs in the model should be higher than the value of SIC (Walker, et al., 2016).
[bookmark: _Toc20133026]Ethical Assurances
Because this cross-sectional, correlational quantitative study involved the participation of human subjects, all aspects of this study were accomplished with care and integrity that met the accepted ethical standards of scientific research and ADU code of conduct, academic integrity policy, and academic integrity standards. Because the present research study involved human subjects, to protect the safety, welfare, rights, and dignity of all research participants, the researcher submitted an application and supplemental information packages to the dissertation chair and the ADU Institutional Review Board committee for review and approval. The dissertation chair was periodically consulted on ethical concerns during the course of the research study. 
The scope of the ethical considerations not only included the participants of the research, but also the research sites, support organizations, readers of the published results, other researchers who will base their work on the findings, and those who would apply the results to real-world situations. To contribute to the overall body of knowledge, the researcher acted ethically, not only within the accepted standards for scientific research, but from a personal perspective of placing the public trust and well-being above personal interest. Ciulla (2014) stated that, to develop ethical principles, one must act upon them, as ethical principles are only beliefs until put into practice. The researcher was open-minded in discoveries, ethical in actions, thorough in analyses, careful in techniques, complete in the documentation, and open to sharing of findings when possible. 
For the research study, the research plan included adequate provisions and safeguards in the study to protect the rights and welfare of research subjects. The research plan disclosed aspects of the research that included an assessment of the potential risks to the subjects of the study, prevention strategies to minimize the possibility of occurrence, and mitigation strategies to minimize the effects. The advertisements, online web-based survey initial screen, and electronic questionnaires for the study included a statement that all information provided in response to questionnaires would be safeguarded and treated confidentiality.
[bookmark: _Toc20133027]Summary 
This study aims to provide construction companies’ senior management and decision makers, government authorities, and academic scholars with a quantitative model to understand the influence Le-Green practices on the construction industry’s sustainable performance to support the accomplishment both of short- and long-term objectives. To test the influence of Le-Green practices, a quantitative design method using a controlled experimental population and sample was identified as the best methodology to assess the model’s fitness as well as to identify any fundamental effects of the model application. To evaluate the influence of Le-Green practices, a correlational-based survey was used with SEM to measure, describe, and present the relationships and strength of relationships between Le-Green practices and the measures of sustainable performance in the construction industry, mediated by top-management commitment. The study applied a cross-sectional, correlational quantitative design to conclude a cause–effect relationship among Le-Green practice variables and sustainable business performance variables using quantitative data collected from an online questionnaire. This study involved construction industry respondents to enhance the external validity of the study, utilizing Le-Green practices and sustainable performance surveys instruments validated from previous research studies to provide the internal validity. The data was collected from the responses of construction industry employees, including project managers, project engineers, site foremen, architects, and QA/QC inspectors. The results from the survey are described in detail in Chapter 5. The results of this study, it is hoped, will influence the construction industry’s site practices in applying lean and green techniques both to achieve sustainable performance and strategic targets.
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[bookmark: _Toc20133028]Chapter 5: Data Analysis and Results

[bookmark: _Toc20133029]Introduction
This chapter presents the collected data analysis for the examined relationship between Le-Green techniques and sustainable business performance, as well as the roll of the top-management commitment in the adoption and application of the Le-Green philosophy in the construction industry. There were three models examined in this study: lean; green model; and Le-Green. Data were collected by administering a survey based on well-established and validated instruments. A quantitative methodology utilizing SEM was applied in this study. The quantitative methodology was advantageous in producing numeric results for the research variables. The correlational design was appropriate for examining relationships between the variables. To generate valid conclusions from the SEM and CFA, it was important to prepare data appropriately, avoiding incomplete and missing data (Kline, 2016). Incomplete and missing data could have effects on the analyses, particularly the generalizability of the results (Hair, et al., 2010). 
A set technique of two-step SEM was utilized to respond to the research questions and test the study hypotheses. Wang and Wang (2012) stated that SEM is a combination of CFA, represented by the measurement model, and structural equations, represented by the structural model. The measurement model estimates the relationships between the unobserved latent variables and observed measured variables, while the structural model estimates the relationships among the latent variables free of measurement errors (Hair, et al., 2010).
[bookmark: _Toc10727552][bookmark: _Toc10728861][bookmark: _Toc10727553][bookmark: _Toc10728862][bookmark: _Toc10727554][bookmark: _Toc10728863][bookmark: _Toc20133030]Lean Model Data Analysis
The lean theoretical framework is depicted in Figure 6. The items for each construct were structured in the form of a survey questionnaire, with all questions evaluated on a five-point Likert scale ranging from 1 to 5. The questionnaire was distributed randomly to a total of 300 construction industry professionals, including project managers, project engineers, site foremen, architects, and QA/QC inspectors. Sample selection criteria used were: having experience of at least four years at middle or senior level; and working in special, first, second and, third ranked companies as per the UAE Chamber of Commerce ranking. These respondents were selected from medium and large construction companies listed as by the UAE Chamber of Commerce. Respondents were communicated with through an online questionnaire hosted on Survey Monkey. A total of 225 of the participants completed the survey, representing a response rate of 71%. A total of 10 responses were removed due to incompleteness, leaving 215 valid responses for data analysis. The characteristics of the survey participants are provided in Table 10.
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Figure 6 – Lean Theoretical Framework.
















Table 10 – Summary of Respondent’s Demographic Data (Lean).
	Variable
	Number
	Percentage

	Size of organization (by staff)
	
	

	Up to 50 employees
	70
	33

	51–249 employee
	66
	31

	Above 250 employees
	79
	37

	Professional discipline
	
	

	Architect
	66
	31

	Quantity surveyor
	54
	25

	Construction manager
	60
	28

	Engineering
	35
	16

	Work experience
	
	

	< 5 years
	43
	20

	6–10 years
	26
	12

	11–15 years
	40
	19

	16–20 years
	68
	32

	21 years and above
	38
	18



[bookmark: _Toc20133031]Exploratory Factor Analysis (EFA)
EFA is an extensively utilized and widely applied statistical technique in the social sciences. In recently published studies, EFA has had different applications, including expanding an instrument for evaluating school principals (Lovett et al., 2002), evaluating the students’ motivation at Puerto Rican high schools (Morris, 2001), and defining what types of services should be presented to college students (Majors and Sedlacek, 2001). There are several factor analysis extraction methods to choose from. SPSS has six [in addition to principal component analysis (PCA), the Statistical Analysis System (SAS), and other packages with similar options]: generalized least squares; un-weighted least squares; maximum likelihood; alpha factoring; principal axis factoring; and image factoring. Information on the relative weaknesses and strengths of these techniques is limited and is often only available in unknown references. Moreover, it is often difficult to parse out, which is a method a journal article or textbook author uses to describe whether it is available in the software packages the researcher is using. EFA was applied to confirm the refinement and evaluation of tests, scales, and measures applied. Factor analysis is a method of choice for interpreting self-reporting questionnaires and is used to reduce a large number of variables into a smaller number of variables. Moreover, it creates underlying dimensions between the measured variables and the latent constructs, thus allowing for the formation and refinement of the theory. Finally, it provides evidence of the construct validity of self-reporting scales (Williams, 2017). The EFA test, as shown in Table 11, found the conformity of the proposed scale and distributed questionnaires to have a value of 0.648, which is higher than 0.5.
[bookmark: _Toc20133032] Construct Reliability Tests
A reliability analysis was performed using the collected survey data to validate the constructs of lean practices and assess the reliability and internal consistency of the survey instrument. The reliability of the data was confirmed by the values of Cronbach’s α analysis (Cronbach, 1915) and was calculated using the SPSS data analysis software. Cronbach (1915) suggested that, for an empirical study, the Cronbach’s α values should be above the threshold limit of 0.70 to confirm the constructs’ internal reliability and consistency. The reliability of the eight constructs was confirmed by further analysis of Cronbach’s α as 0.785, which is above the threshold limit of 0.70, which confirms the constructs’ internal consistency and reliability. The Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy and Bartlett’s test of sphericity were also conducted to test the model stability and measure the sampling adequacy (see Table 11).
Table 11 – KMO Measure of Sampling Adequacy and Bartlett’s Test of Sphericity (Lean).
	KMO measure of sampling adequacy
	0.648

	Bartlett’s test of sphericity
	Approx. chi-square
	170.558

	
	df
	28

	
	Sig.
	0.000



[bookmark: _Toc20133033]Descriptive Statistics  
The descriptive statistics showed that the means of the 215 responses collected for lean practices ranged from 3.4 to 4.4 and that the standard deviations ranged between 0.42 and 0.63 (Table 12). This indicates that lean practices are valid for implementation in the construction industry to a certain extent. Correlation analysis is one of the most extensively used and reported statistical methods in summarizing research data.




Table 12 – Descriptive Statistics (Lean).
	Constructs
	
	Mean
	Std. Deviation

	Waste reduction
	
	4.15
	0.42

	Process focus
	
	4.31
	0.42

	End-customer focus
	
	4.11
	0.55

	Continuous improvement
	
	4.41
	0.40

	Cooperative relationships
	
	4.05
	0.60

	System perspective
	
	3.94
	0.49

	Economic performance
	
	3.46
	0.63




[bookmark: _Toc20133034]Correlation Analysis
Table 13 shows the correlation results for each of the lean practices and business performance measures using Pearson’s correlation coefficients. The lean practices were positively correlated with one another to some extent, and most of them were significant at the 0.01 level. A high level of correlation occurs more frequently between lean practices and business performance. Positive relationships are likely to support previous empirical studies by showing that lean practices impact the business performance of construction companies and should thus be applied to enhance the economic performance and competitive advantages of construction companies in UAE. Furthermore, the goals of lean practices are synergistic in terms of their focus on eliminating waste and reducing inefficiency.


Table 13 – Correlation Matrix of the Lean Practices and Business Performance.
	
	
	Waste Reduction
	Process Focus
	End-customer Focus
	Continuous Improvement
	Cooperative Relationships
	System Perspective
	Economic Performance

	Waste reduction
	
	
	
	
	
	
	
	

	Process focus
	
	0.376**
	
	
	
	
	
	

	End-customer focus
	
	0.173
	0.501**
	
	
	
	
	

	Continuous improvement
	
	0.416**
	0.705**
	0.383**
	
	
	
	

	Cooperative relationships
	
	0.193
	0.348*
	0.452**
	0.198
	
	
	

	System perspective
	
	0.219
	0.544**
	0.480**
	0.346*
	0.724**
	
	

	Economic performance
	
	0.087
	0.081
	0.176
	0.049
	0.081
	0.291*
	

	Competitive advantage
	
	0.314*
	0.348*
	0.232
	0.3215*
	0.083
	0.490**
	0.634**


Notes: ** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

[bookmark: _Toc20133035]Green Model Data Analysis
The green theoretical framework is depicted in Figure 7. A survey-based approach was used to test the green practices in the construction industry in UAE in the present study. All questions were evaluated on a five-point Likert scale ranging from 1 to 5. The survey was conducted during the Fall of 2017, with the survey instrument administered via email to construction industry employees in the UAE using Survey Monkey, a web-based survey system. Several measures to improve the response rate were undertaken (Dillman, 2000; Frohlich, 2002). Respondents were a realistic match for the composition of all the UAE’s medium-to-large and small construction firms in terms of size and sub-sector. A total of 71% worked in medium- to large-sized organizations, with a small proportion (29%) working in small organizations of less than 50 staff. Regarding the experience of respondents, 71% had over 10 years’ experience working in the construction industry. Almost all the respondents were specialists in the senior positions with relevant expertise and reasonable experience in construction projects. A total of 400 construction industry employees from over 150 firms were invited to participate, of whom 135 completed the survey, representing a response rate of 45%. Of the 135 responses, 15 responses were removed due to incompleteness, leaving 120 valid responses for data analysis. The characteristics of the survey participants are provided in Table 14.
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Figure 7 – Green Theoretical Framework.









Table 14 – Summary of Respondent’s Demographic Data (Green).
	Variable
	Number
	Percentage

	Size of organization (by staff)
	
	

	Up to 50 employees
51–249 employees
Above 250 employees
	35
33
52
	29
28
43

	Professional discipline
	
	

	Architect
	38
	32

	Quantity surveyor
	27
	23

	Construction manager
	35
	29

	Engineering
	20
	17

	Work experience
	
	

	< 5 years
	12
	10

	6–10 years
	23
	19

	11–15 years
	22
	18

	16–20 years
	40
	33

	21 years and above
	23
	19



[bookmark: _Toc20133036]Exploratory Factor Analysis (EFA)
The KMO measure of sampling adequacy and Bartlett’s test of sphericity were conducted to test the model stability and measure the sampling adequacy, with results presented in Table 15.




Table 15 – KMO Measure of Sampling Adequacy and Bartlett’s Test of Sphericity (Green).
	KMO measure of sampling adequacy
	
	0.933

	Bartlett’s test of sphericity	
	Approx. chi-square
	2805.49

	
	df	
	671

	
	Sig.	
	0.000


The constructs are highly significant at the p < 0.01 level, and the KMO measure of sampling adequacy has value more than 0.5 value, showing that the data had no sphericity problems (Hair, et al., 2006).
To summarize the data and establish the dimensionality of the individual variables, exploratory factor analysis (EFA) was applied on the survey instrument. Using the Varimax rotation method, seven factors emerged:  Supplier awareness, Client awareness, Energy and water saving, Training, Management commitment, Facilitating green practices, Renewable resources. These factors were in alignment with a priori prospects and explaining 73 percent of the variance. The loadings for each of the elements are shown in parentheses in Table 16.








Table 16 – Exploratory Factor Loadings of Questionnaire Items (Green).
	Questionnaire items
	Supplier awareness
	Client awareness
	Energy and water saving
	Training
	Top-management commitment
	Facilitating green practices
	Renewable resources

	SA1
	0.818
	
	
	
	
	
	

	SA2
	0.801
	
	
	
	
	
	

	SA3
	0.697
	
	
	
	
	
	

	SA4
	0.678
	
	
	
	
	
	

	SA5
	0.665
	
	
	
	
	
	

	SA6
	0.645
	
	
	
	
	
	

	SA7
	0.630
	
	
	
	
	
	

	SA8
	0.569
	
	
	
	
	
	

	SA9
	0.565
	
	
	
	
	
	

	SA10
	0.464
	
	
	
	
	
	

	SA11
	0.440
	
	
	
	
	
	

	SA12
	0.436
	
	
	
	
	
	

	CA1
	
	0.783
	
	
	
	
	

	CA2
	
	0.667
	
	
	
	
	

	CA3
	
	0.611
	
	
	
	
	

	CA4
	
	0.576
	
	
	
	
	

	EWS1
	
	
	0.701
	
	
	
	

	EWS2
	
	
	0.694
	
	
	
	

	EWS3
	
	
	0.646
	
	
	
	

	EWS4
	
	
	0.502
	
	
	
	

	EWS5
	
	
	0.420
	
	
	
	

	T1
	
	
	
	0.669
	
	
	

	T2
	
	
	
	0.580
	
	
	

	T3
	
	
	
	0.575
	
	
	

	T4
	
	
	
	0.543
	
	
	

	T5
	
	
	
	0.498
	
	
	

	MC1
	
	
	
	
	0.709
	
	

	MC2
	
	
	
	
	0.703
	
	

	MC3
	
	
	
	
	0.593
	
	

	GP1
	
	
	
	
	
	0.671
	

	GP2
	
	
	
	
	
	0.618
	

	GP3
	
	
	
	
	
	0.589
	

	GP4
	
	
	
	
	
	0.492
	

	GP5
	
	
	
	
	
	0.381
	

	RS1
	
	
	
	
	
	
	0.747

	RS2
	
	
	
	
	
	
	0.610

	RS3
	
	
	
	
	
	
	0.474

	RS4
	
	
	
	
	
	
	0.387

	RS5
	
	
	
	
	
	
	0.347



In addition, Cronbach’s α was used as the coefficient of reliability for testing the internal consistency of the constructs. As shown in Table 17, the correlation coefficients for all factors were significant, and the coefficients exceeded 0.80, above the acceptable standard of 0.70 for established constructs (Nunnally & Bernstein, 1994).



Table 17 – Correlation Coefficients, Descriptive Statistics, and Cronbach’s α (Green).
	
	Item mean
	
	Construct mean
	Cronbach’s α

	Supplier awareness
	
	
	4.28
	0.926

	SA1
	4.18
	
	
	

	SA2
	4.08
	
	
	

	SA3
	4.28
	
	
	

	SA4
	3.98
	
	
	

	SA5
	4.23
	
	
	

	SA6
	4.10
	
	
	

	SA7
	3.99
	
	
	

	SA8
	4.00
	
	
	

	SA9
	4.03
	
	
	

	SA10
	4.15
	
	
	

	SA11
	4.22
	
	
	

	SA12
	4.17
	
	
	

	Client awareness
	
	
	4.24
	0.928

	CA1
	4.22
	
	
	

	CA2
	4.27
	
	
	

	CA3
	4.17
	
	
	

	CA4
	4.50
	
	
	

	Energy and water saving
	
	
	4.36
	0.922

	EWS1
	4.35
	
	
	

	EWS2
	4.47
	
	
	

	EWS3
	4.56
	
	
	

	EWS4
	4.33
	
	
	

	EWS5
	4.27
	
	
	

	Training
	
	
	4.26
	0.930

	T1
	4.22
	
	
	

	T2
	4.30
	
	
	

	T3
	4.42
	
	
	

	T4
	4.10
	
	
	

	T5
	4.08
	
	
	

	Top-management commitment
	
	
	4.55
	0.940

	MC1
	4.55
	
	
	

	MC2
	4.54
	
	
	

	MC3
	4.56
	
	
	

	Facilitating green practices
	
	
	4.26
	0.928

	GP1
	4.28
	
	
	

	GP2
	4.24
	
	
	

	GP3
	4.27
	
	
	

	GP4
	4.25
	
	
	

	GP5
	4.26
	
	
	

	Renewable resources
	
	
	4.22
	0.943

	RS1
	4.23
	
	
	

	RS2
	4.21
	
	
	

	RS3
	4.25
	
	
	

	RS4
	4.19
	
	
	

	RS5
	4.22
	
	
	


[bookmark: _Toc10727562][bookmark: _Toc10728871][bookmark: _Toc20133037]Confirmatory Factor Analysis (CFA)
The measurement model using the scales resulting from the EFA identified supplier awareness, client awareness, energy and water saving, training, top-management commitment, facilitating green practices, and renewable resources, and these were evaluated using CFA to assure their fit (Gerbing & Anderson, 1988) (see Table 18). The model provides an assessment of convergent and discriminant validity. Jöreskog and Sörbom (1993) specified that the measurement model should be tested independently in order to conclude whether the chosen indicators for a construct actually measure that construct. The MLE method in AMOS 24 was employed to test the measurement model among the 120 respondents; most measures had a full response, with no more than three responses missing for any single measure. AMOS does not evaluate missing data; however, it does provide a theoretical approach for randomizing missing data that is efficient, consistent, and asymptotically unbiased (Byrne, 2001).
Table 18 – Construct Validity Analysis (Green).
	Factors/ Construct
	Convergent Validity
Bentler–Bonett Normed Fit Index
	Discriminant Validity
Factor Cronbach’s  – Average Correlation Between Factors

	Supplier awareness
	0.97
	0.09

	Client awareness
	0.95
	0.04

	Energy and water saving
	0.91
	0.10

	Training
	0.93
	0.03

	Top-management commitment
	0.92
	0.07

	Facilitating green practices
	0.96
	0.08

	Renewable resources
	0.95
	0.05



Convergent validity is required to measure the constructs (Bagozzi et al., 1991). Convergent validity evaluates the fitted residual matrix and the construct indicators standardized coefficients; all of the standardized coefficients were highly significant at the p < 0.001 level, again indicating convergent validity (Jöreskog & Sörbom, 1993). Discriminant validity is effectively assures that the measures of the individual constructs are discrete (Bagozzi et al., 1991). Crocker and Algina (1986) specified that discriminant validity is shown when the correlations of individual factors do not exceed the reliability coefficients. 
CFA First Order Model
The first order model fit (as defined by Hair et al., 1998) shown in Figure 8 was evaluated using a number of the fit indices, including the ratio of chi-square to degrees of freedom, RMSEA, the Tucker-Lewis index (TLI) (Tucker & Lewis, 1973), and CFI (Bentler, 1990). However, Jöreskog and Sörbom (1993) noted that this statistic should be construed with caution and that other measures of fit should be considered, such as the ratio of chi-square to degrees of freedom. RMSEA is the most informative criteria in assessing model fit (Byrne, 2001), with a built-in correction for model complexity (Kline, 2005). 
[image: ]
Figure 8 – First Order Measurement Model for Green Construction.
A RMSEA value of less than 0.08 is acceptable. The other ratios (TLI and CFI) are evaluated for their closeness to 1.0, and are preferred fit indices for small sample sizes (Shah & Goldstein, 2006).The measurement model has goodness-of-fit indices (GFIs) indices as shown in Table 19.
Table 19 – CFA First Order Model GFIs (Green).
	Model good fit indices
	Value

	χ²/df
	2.1

	GFI
	0.79

	CFI
	0.986

	TLI
	0.981

	RMSEA
	0.083



CFA Second Order Model
The second order model (Figure 9) was constructed to evaluate impact of the supplier awareness, client awareness, energy and water saving, training, top-management commitment, facilitating green practices, and renewable resources on the sustainable business practices and test its correlations. The model indicated goodness-of-fit results with significant coefficients (p < 0.01).  

[image: ]
Figure 9 – Second Order Measurement Model for Green Construction.

[bookmark: _Toc20133038] Le-Green Model Data Analysis
The Le-Green theoretical framework is presented in Figure 10.

[image: ]
Figure 10 – Le-Green Theoretical Framework.

[bookmark: _Toc20133039]Response Rate
A total of 272 respondents out of the total 552 questionnaires that were distributed to construction industry employees through a systematic random approach responded to the questionnaire, with 29 questionnaires being incomplete (missing responses). Thus, a total of 243 responses were usable for subsequent analysis, representing a response rate of 44% (see Table 20).
Table 20 – Total Response Rates.
	Total questionnaires delivered
	
	552

	No response
	
	280

	Incomplete
	
	29

	Completed
	
	243

	Response rate (%)
	
	44



[bookmark: _Toc20133040]Construct Reliability Tests
SPSS 23.0 software was utilized to determine the internal measurement consistency. The data reliability was confirmed by the values of Cronbach’s α analysis. Cronbach (1915) suggested that the Cronbach’s α for an empirical study should be more than the limit of 0.70 to confirm the internal reliability and consistency of the constructs. The reliability of the 12 constructs was confirmed as the Cronbach’s α value of 0.92 is above the threshold limit of 0.70, which confirms the constructs’ internal consistency and reliability. The KMO and Bartlett’s tests were conducted to test the model stability and measure the sampling adequacy, which, having a value more than 0.5, showed that the data had no sphericity problems (Hair, et al., 2006) (see Table 21).



Table 21 – KMO Measure of Sampling Adequacy and Bartlett’s Test of Sphericity (Le-Green).
	KMO test for sampling adequacy
	
	0.802

	Bartlett’s test of sphericity	
	Approx. chi-square
	6050.815

	
	df	
	861

	
	Sig.	
	0.000


[bookmark: _Toc20133041]Descriptive Analysis
The present study included 12 major items: waste reduction; process focus perspective; end-customer focus; continuous improvement; cooperative relationships; supplier awareness; client awareness; energy and water saving; facilitating green practices; renewable resources; top-management commitment; and sustainable business performance. The results were acquired after the demographic variables analyzes. The sample included different occupations in the construction industry. The characteristics of the survey participants are provided in Table 22.

Table 22 – Summary of Respondent’s Demographic Data (Le-Green).
	Variable
	Number
	Percentage

	Size of organization (by staff)
	
	

	Up to 50 employees
	79
	33

	51–249 employees
	90
	37

	Above 250 employees
	74
	30

	Professional discipline
	
	

	Architect
	52
	21

	Quantity surveyor
	61
	25

	Construction manager/ Project manager 
	81
	33

	Engineering
	49
	20

	Work experience
	
	

	< 5 years
	36
	15

	6–10 years
	35
	14

	11–15 years
	52
	21

	16–20 years
	78
	32

	21 years and above
	42
	17



[bookmark: _Toc20133042]Construct Correlations
Table 23 illustrates the constructs’ correlation coefficients; it can be concluded that the correlation coefficients for all latent variables were under the threshold of 0.80 (Hair, et al., 2006), which means there is no collinearity between variables.


Page 147 of 225

Table 23 – Pearson’s Correlation Sig. (2-Tailed) for Dependent and Independent Variables.[image: ]Notes: ** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed). 

[bookmark: _Toc20133043]Hypothesized Model Testing (First Order Model)
The CFA testing is the first step of SEM. The CFA decides whether the factor values and items loadings conform to the expected output based on the applied theory and the scale assessment. The SEM method was used to execute the CFA to assess the fitness of the hypothesized model (Figure 11). AMOS v. 24 software was used to calculate model fitness with reference to the proposed factor solutions. CFA was first used to confirm the factor loadings of the 12 constructs (waste reduction, process focus perspective, end-customer focus, continuous improvement, cooperative relationships, supplier awareness, client awareness, energy and water saving, facilitating green practices, renewable resources, top-management commitment, and sustainable performance).

[image: ]Figure 11 – Le-Green Hypothesized Model.
Hair et al. (2006) stated that the factor loadings of a value of 0.50 or greater are considered extremely significant, a loading more than 0.40 is considered most important, and a loading of 0.30 is considered significant. The hypothesized model (Figure 11) was evaluated using a number of fit indices, including the ratio of χ² to degrees of freedom, RMSEA (Hair, et al., 2010); TLI (Tucker & Lewis, 1973), and CFI (Bentler, 1990). RMSEA is the most informative criteria in assessing model fit (Byrne, 2001). A RMSEA value of less than 0.08 is acceptable (Hair et al., 1998). The other ratios (TLI and CFI) were evaluated for their closeness to 1.0. Results revealed that the hypothesized constructs of the study did not completely fit the collected data. This can be seen from the values of the model fit indices, as shown in Table 24. Basically, the conclusion that must be drawn is that the hypothesized model indicators did not represent the variables of the construct properly; therefore, the collected data did not fit the study’s hypotheses.
Table 24 – Le-Green Hypothesized Model Goodness-of-Fit Indices.
	Model Goodness-of-Fit Indices
	Value

	CMIN/DF (χ²/df)
	1.700

	Adjusted GFI
	0.769

	GFI
	0.808

	CFI
	0.776

	TLI
	0.743

	RMSEA
	0.054



[bookmark: _Toc20133044]Measurement Model 
Jöreskog & Sörbom (1993) stated that the modification of the proposed model to generate the measurement model might be theory or data driven. The main objective is to achieve a model that is practically meaningful and well-fitted statistically. The modification indices deletions were used to achieve the measurement model goodness of fit from the hypothesized model.
Factor loadings has no confirmed guideline of cut-off values, an absolute level of 0.3 can be considered as an acceptable minimum cut-off (Brown, 2015; Wang & Wang; 2012). Factor loadings more than 0.7 considered as high (Hair, et al., 2010) and loadings less than 0.3 are poor (Ullman, 2014). Variables affecting poor fit in the measurement model due to low factor loadings should be removed (Awang, 2013). 
To enhance to model fitness, the CFA test for lean techniques suggested deleting the end-customer focus technique from the five lean techniques; furthermore, one item was deleted from the continuous improvement (CI2) due its high negative loading (–0.53), while two items (CI1, CI3) remained with a factor loading of more than 0.50, signifying that these items were significantly correlate with the continuous improvement factor (CI). The cooperative relationships technique item (CR1) was deleted due to the low loading factor of –0.48, while two items (CR1, CR3) remained with factor loadings of 0.57 and 0.72, respectively.
The green techniques CFA test confirmed that, of the four constructs, the customer awareness construct (CA2) should be deleted. The facilitating green practices construct (FP1) was deleted to enhance the model fitness, with two items (FP2, FP3) remaining. The energy and water saving item (EWS3) was deleted, leaving two energy and water saving factors (EWS1, EWS2). Sustainable performance was measured using nine items; however, after running the CFA, two items (SP1, SP2) were deleted, with seven items (SP3, SP4, SP5, SP6, SP7, SP8, and SP9) remaining with factor loadings ranging from 0.41 to 0.82, which clearly shows that these items measured sustainable performance accurately. The items for the mediator, top-management commitment, remained without any deletion. The (modified) measurement model improved the good fit indices, mainly in terms of CMIN/DF (χ²/df) from 1.700 to 1.333, CFI from 0.776 to 0.912, and RMSEA from 0.054 to 0.037, as shown in Table 25 and Figure 12.
Table 25 – Le-Green Measurement Model Goodness-of-Fit Indices.
	Model Goodness-of-Fit Indices
	Value

	CMIN/DF (χ²/df)
	1.333

	Adjusted GFI
	0.846

	GFI
	0.881

	CFI
	0.912

	TLI
	0.743

	RMSEA
	0.037


[image: ]
Figure 12 – Le-Green Measurement Model.
[bookmark: _Toc20133045]Structural Model 
The structural model was constructed to evaluate impact of the Le-Green techniques on sustainable business performance as well as to test the mediating role of top-management commitment. The MLE assessment method was applied to assess all parameters’ relations in the model simultaneously as well as the implications of hypotheses testing (Kline, 2010). The structural model (Figure 13) shows that there are direct correlations between Le-Green techniques and sustainable business performance and also between top-management commitment and sustainable business performance. In addition, there is a mediating effect of top-management commitment on the relationship between Le-Green techniques and sustainable business performance. 
[image: ]
Figure 13 – Le-Green Structural Model.

[bookmark: _Toc20133046]Hypotheses Testing
A direct effect represents the effect of the independent variable on the dependent variable. Table 26 shows that the hypotheses tests provided estimated coefficient values for the hypothesized relations. The goodness-of-fit results for the structural model were acceptable and close to the values obtained for the measurement model fit indices.

Table 26 – Direct Hypotheses Testing Results of the Structural Model.

	H. Group
	From
	To
	Coefficient
	Hypothesis

	*
H1a

	WR
	SP
	–1.394
	Not supported*

	
	PF
	SP
	1.155
	Supported *

	
	CI
	SP
	0.415
	Supported *

	
	CR
	SP
	0.160
	Supported **

	H1b
	SA
	SP
	0.472
	Supported **

	
	CA
	SP
	–0.367
	Not supported

	
	EWS
	SP
	–0.152
	Not supported

	
	FP
	SP
	0.406
	Supported**

	
	RS
	SP
	0.080
	Supported **

	H3
	MC
	SP
	–0.273
	Not supported


Notes: ** Relationship is significant at the 0.01 level. * Relationship is significant at the 0.05 level.

[bookmark: _Toc20133047]Testing the Mediating Effect
Mediation effects was tested using Baron and Kenny’s (1986) three-step regression procedure to validate whether top-management commitment was a mediating variable in the relationship between Le-Green techniques and sustainable business performance. Baron and Kenny (1986) suggested that the mediation effect’s existence is determined if the following conditions are met: the independent variable (Le-Green techniques) affects the mediating variable (MC) in the first regression equation; the independent variable (Le-Green techniques) affects the dependent variable (sustainable performance) in the second equation; and, after including the mediating variable (MC) into the second regression equation of the previous step, if the direct relationship between the independent variable (Le-Green techniques) and the dependent variable (sustainable performance) is lower than the indirect relationship between the independent variable (Le-Green techniques) and the dependent variable (sustainable performance), then there is a significant mediating effect of the mediator (MC).
As shown in Table 27, top-management commitment mediated the relationship between the majority of the Le-Green techniques (continuous improvement, cooperative relationships, supplier awareness, customer awareness, facilitating green practices, and renewable resources) and sustainable business performance where the indirect relationship was higher than direct relationship. This also shows that top-management commitment did not mediate the relationship between the waste reduction, process focus perspective, energy and water saving techniques, and sustainable performance.








Table 27 – Mediating Effect of Top-management Commitment (MC).
	H. Group
	From
	Mediation
	To
	Direct effect
	Indirect effect
	Total Effect
	Mediating

	H2a

	WR
	MC
	SP
	–1.394
	1.137
	–0.257
	Not mediating

	
	PF
	MC
	SP
	1.155
	–0.224
	0.931
	Not mediating

	
	CI
	MC
	SP
	0.415
	–1.115
	–0.7
	Mediating

	
	CR
	MC
	SP
	0.160
	0.117
	0.277
	Mediating

	H2b
	SA
	MC
	SP
	0.472
	0.011
	0.483
	Mediating

	
	CA
	MC
	SP
	–0.367
	–0.019
	–0.386
	Mediating

	
	EWS
	MC
	SP
	–0.152
	0.275
	0.123
	Not mediating

	
	FP
	MC
	SP
	0.406
	0.564
	0.97
	Mediating

	
	RS
	MC
	SP
	0.080
	0.506
	0.586
	Mediating



[bookmark: _Toc20133048]Summary
This chapter has presented the five-point Likert scale survey findings regarding lean, green, and Le-Green techniques and has provided a descriptive and empirical analysis. In summary, the questionnaire was distributed among the employees of Tier 1 construction originations in the UAE, including architects, quantity surveyors, construction managers, and projects managers. The research participants’ demographics of were also presented, including their professional experience. The respondents’ feedback regarding lean and green construction techniques was presented. 
First, the respondents’ results for each of the six lean techniques, waste reduction, process focus, end-customer focus, continuous improvement, cooperative relationships, and system perspective were presented in Tables 11 to 13. Second, the respondents’ results for each of the seven green techniques, supplier awareness, client awareness, energy and water saving training, management commitment, facilitating green practices, and renewable resources were presented in Tables 15 to 19. Third, the respondents’ results for each of the ten Le-Green green techniques including the mediating item (top-management commitment) was presented in Tables 23 to 27. Finally, the survey’s results somewhat confirmed the positive impact of lean and green techniques on the sustainable performance of construction companies and the positive role of top-management commitment in the adoption and application of these techniques. 





[bookmark: _Toc10727575][bookmark: _Toc10728884]
[bookmark: _Toc20133049]Chapter 6: Discussion

[bookmark: _Toc20133050]Introduction
The purpose of the study was to examine the impact of the implementation of lean and green techniques on sustainable business performance in the construction industry as predicted by three research models developed from the literature. This study provides deep insights into understanding how the construction industry has accepted and applied lean and green techniques and philosophies.
The current study assessed the three research models (lean, green, and Le-Green) using SEM. This chapter will discuss the results obtained from these models obtained from the examination of the relation between lean techniques, green techniques, and sustainable business performance. This chapter will also link the research results with the previous research in the literature.
[bookmark: _Toc20133051]Lean Model Discussion
This study assessed the extent to which lean practices are impacting the construction industry using data collected from 215 professionals in the UAE construction industry. The study was based on the survey instrument of six lean practices identified from numerous sources in the literature. The reliability analysis suggested that these practices are reliable, with a Cronbach’s α of 0.785 (see also Table 11). As is apparent from Table 12, continuous improvement is the most dominating construct for lean practices in the construction industry, with a mean value of 4.4. The significance of the constructs waste reduction, process focus, end-customer focus, continuous improvement, cooperative relationships, system perspective, economic performance, and competitive advantage is given in Table 13; process focus was the most highly related to the other lean practices, as it had a significant correlation to four lean practices and competitive business advantage. The least related was cooperative advantage, which was significantly correlated only to system perspective.
The literature review findings assisted the frame of reference in the research of lean techniques in the construction industry. The findings demonstrate that lean construction utilizes a range of lean-related aspects, corresponding to the items on the lean construction questionnaire that focused on businesses performance. There is still a long way to go to reach such a fully lean approach. This was verified by the survey results, indicating that lean construction practices were more concerned with aspects related to competitive advantage than with those related to economic performance. Pearson’s correlation analysis provided empirical evidence that lean practices were positively associated with competitive advantage. The positive relationship between lean practices and business performance shows that they should be linked to enhance the construction industry’s performance.  
The results also suggest that the adoption of lean techniques, such as JIT, reduced set-up time, and waste elimination, can significantly contribute to the improvement of sustainable business performance. Lean construction acts as an effective approach to tackling the increased waste challenges that the construction industry is currently facing (Patyal & Koilakuntla, 2017). The positive effect of lean construction may explain the ability of JIT and waste-reduction techniques to reduce transport and production times (Carvalho, et al., 2017). In the academic literature, it is well established that a JIT system, enabling the reduction of waste, has a significant positive effect on time reduction, which reduces or eliminates problems (Belekoukias, et al., 2014). Subsequently, material consumption is reduced, which is achieved by eliminating the problems from the root cause, therefore eliminating or reducing waste such as scrap and rework (Singh & Singh, 2012).
Generally, these findings supported results of many studies applied in other countries; Al-Aomar (2012) concluded that adopting lean construction in Abu Dhabi might improve the performance excellence, quality awards, workers safety and satisfaction; and completing projects on time. Sarhan et al. (2017) also suggested quality improvement of health and safety record and construction time reduction as result of implementing lean construction techniques in the Saudi Arabia. The study supported Tezel, et al., (2018), Finding that concluded that lean construction can present revolutionary changes and excessive benefits on the economy.
In summary, all the evidences explained how lean construction, can have a positive effect on the material consumption reduction, and the waste elimination. These benefits will go beyond the company’s internal operations eventually, to be experienced in the industry, ultimately contributing to develop their performance.
[bookmark: _Toc20133052]Green Model Discussion
This study contributes to multiple areas of green construction research. Building on the literature on green construction practices, energy and water saving, and awareness of green issues from the contractors’ and clients’ perspective, a new research model that portrays and projects the relationships between green construction factors and sustainable business performance in the context of the UAE construction industry has developed and empirically tested. This study contributes to green construction research and practice in the following aspects. First, the study collected data form 120 respondents working in senior positions in the construction business in Abu Dhabi, UAE. Second, the study contributes to understanding the perceptions of construction organizations’ decision makers regarding green construction practices and their impact on their firm’s sustainable performance.
EFA was employed on the responses, which identified supplier awareness, client awareness, energy and water saving, training, top-management commitment, facilitating green practices, and renewable resources as green construction factors and practices. EFA confirmed that the clients were fully aware of the benefits of green practices in terms of saving the environment for coming generations and were willing to pay the required cost. CFA was applied on two models to confirm the fitness of the collected data and study the relationship between green construction factors and sustainable business performance, with both models being found fit. The first order model concluded that the identified green construction factors, supplier awareness, client awareness, energy and water saving, training, top-management commitment, facilitating green practices, and renewable resources, had a high correlation of more than 70%, which indicates that these factors are important for construction companies intending to adopt a green construction philosophy. The second order model confirmed the relationship between green construction practices and the expected benefits for construction companies of financial profit and competitive advantages, despite the perceived opinions that green practices will generate costs for the companies without noticeable gains.   
The findings of this study demonstrate that green construction factors contribute to sustainable business performance of construction companies. This sends a clear signal to the management of construction companies in UAE that, even though applying green methodology in construction projects might involve substantial financial and resources commitment, the investment is worthwhile, as green practices are capable of bringing financial and competitive advantages for the company. In this study, the application of green practices was measured in terms of its perceived effect sustainable business performance. The results showed that the case for pursuing green practices in construction was well justified by its capacity to meet environmental requirements and governmental obligations, as well as customers’ expectations.
This finding is important because it confirms that the decisions to invest in green practices have not always been based on compliance or economic reasons. Many arguments have been made regarding the benefits of green practices in different industries; in the hotel service industry, for example, Hu et al. (2010) stated that hotel supply chains applying green practices were able to reduce their solid waste, energy, and water consumption, as well as improve the ecological efficiency across supply chains (see also Li, 2011). Customers’ green awareness benefits hotels that apply these practices as they gain competitive advantages and a better position in the market (Kang et al., 2010). The results of the present study confirm Mafini and Muposhi’s (2017) assertion that the implementation of green logistics practices within the SMEs will lead to better environmental collaboration and that the application of green manufacturing practices will boost the environmental collaboration, which leads to improved financial performance. Moreover, financial performance is enhanced by the cooperative relationships that engender trust and commitment, reducing operating risks (Lai, 2009). As suggested by Zhu et al.(2012), improvements in financial performance are more obvious in the long term than in the short term when operational activities among supply-chain members are more integrated.
The study revealed that using green technologies has the potential both to increase energy efficiency and market share. Applying green technologies is important for developing countries as they are the most exposed to climate change and tend to rely heavily on taking advantage of natural resources for economic growth, unlike more advanced economies (Matatiele & Gulumian, 2016). Additional study findings also provide a deeper understanding of green construction factors and practices within the construction industry, allowing the discovery of other benefits beyond public recognition. The findings are important, given that factual knowledge and understanding are recognized as having a marked green influence (Ajzen, 1993), as they provide a deeper understanding of green construction practices and portray the benefits that accrue from their successful implementation. Using the theory of planned behavior to explain these findings, the moral values of the respondents on green construction practices can be understood to be interconnected with sustainable business performance (improved productivity, cost savings, financial profit and competitive advantage), and without this connection, performing or implementing such practices was considered an irritation to daily site activities. The study is consistent with the findings of Windapo (2014), who stated that without a sound business or economic case, such as downstream financial benefits due to a reduction in operating costs or higher rental revenue, and without government regulations to support the green construction of buildings, few clients would develop green buildings for the individual purpose of environmental sustainability.
[bookmark: _Toc20133053]Le-Green Model Discussion
The main objective of this study was to assess the relationships between Le-Green construction techniques and the sustainable business performance of construction companies, as well as measuring the role of top management in the adoption and application of Le-Green techniques within the context of UAE construction industry. Previous studies have stated that there are lean and green techniques that impact sustainable performance (Hu et al. 2010; Li, 2011; Al-Aomar ,2012; Singh & Singh, 2012, Zhu et al., 2012; Belekoukias et al., 2014; Matatiele & Gulumian, 2016; Carvalho et al., 2017; Mafini & Muposhi 2017; Sarhan et al., 2017).
Based on a comprehensive literature review, researchers have suggested that the following Le-Green construction techniques are related to the construction company’s sustainable performance: waste reduction; process focus; end-customer focus; continuous improvement; cooperative relationships; system perspective; supplier awareness; client awareness; energy and water saving; training; facilitating green practices; and renewable resources. 
The results of the present study reveal a high level of support for the hypothesis that there is strong positive relationship between Le-Green construction techniques and construction company’s sustainable business performance. The results of the present study are also in line with the assertion that adopting lean construction practices will improve company performance, quality, workers’ satisfaction, and safety (Al-Aomar, 2012). The finding of this study provide support for the systematic literature review of lean construction in SMEs enterprises that concluded that lean construction can create many benefits for the economy (Tezel, et al., 2018). 
Furthermore, the study findings confirm that green construction techniques contribute to the sustainable business performance of construction companies and also confirm that the investment in the green techniques is a proactive action that benefits customers. The study confirms that applying green techniques improves the ecological image of the organizations (Hu et al., 2010; Li, 2011). The study results also support the findings of Mafini and Muposhi (2017) that green implementation techniques enhance environmental collaboration and improve financial performance. 
The study confirms that the integration of lean and green construction techniques will and leads to improvements in cost reduction, market position, reputation, and competitiveness, resulting in major improvements in sustainable business performance (Bergmiller & McCright, 2009; Martinez et al., 2009; Enache-Pommer et al., 2010; Verrier et al., 2014; Kurdve et al., 2014; Joshi & Sharma, 2014; Wiese et al., 2015; Prasad et al., 2016). The study also provides support for the Le-Green approach improving the operational, economic, and performance measures (Pampanelli et al., 2014; Prasad et al., 2016), while simultaneously developing the social and environmental image (Prasad, et al., 2016).
Finally, the present study indicates that top-management commitment mediates the relationship between most of the Le-Green techniques (continuous improvement, cooperative relationships, supplier awareness, customer awareness, facilitating green practices, and renewable resources) and sustainable performance. Top-management commitment, however, had no mediating effect on the relationship of waste reduction, process focus perspective, energy and water saving with sustainable business performance. These results also support several previous studies (Shang & Sui Pheng, 2014; Abolhassani et al., 2016).
[bookmark: _Toc20133054]Summary
This chapter has discussed the study results regarding the impact of Le-Green techniques in the construction industry on sustainable business performance. The results reveal that Le-Green construction techniques do have a positive impact on construction companies’ sustainable business performance. Furthermore, construction companies’ top-management commitment supports the adoption and the application Le-Green construction techniques.
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[bookmark: _Toc20133055]Chapter 7: Conclusion, Implications, Limitations, and Future Research
[bookmark: _Toc20133056]Introduction
This chapter will explain the implications of the research results in terms of theory advancement and contributions to the body of knowledge, as well as presenting the practical implications for the top management and decision-makers in the construction industry. The implications drawn from the findings will, it is hoped, support the financial and environmental performance of construction organizations in achieving better results and greater customer satisfaction. The chapter will conclude with details of the research limitations and recommendations for future research.
[bookmark: _Toc20133057]Research Implications
Results from the study confirm that the majority of the respondents were aware of Le-Green construction techniques employed by construction companies. However, most of the construction companies did not include Le-Green as part of their vision or mission, while other companies only selectively applied Le-Green techniques if they had a business implication. Different attitudes were revealed between the top management of different construction firms; management perceptions, however, tended to be generally positive although the primary focus tended to be on fine-tuning the implementation of specific Le-Green techniques. 
Given this, there is a need to ensure regulations cover Le-Green techniques for all types of projects and are formally monitored for compliance. This could be supported through government green-building incentives schemes exhibited in other countries, including the USA, the UK, and Australia. This may well motivate contractors who practice and comply with the existing Le-Green requirements to continue with this approach. Moreover, this may act as a motivator for those organizations that do not. The government should promote the use of Le-Green techniques and their environmental benefits directly with contracting staff through toolbox meetings and staff training programs. This would help to change workers# attitude and behavioral intentions, thereby enabling a favorable disposition toward the use of green practices during the project-execution stage. 
Finally, this study provides evidence that there is a strong correlation between Le-Green techniques and reducing costs and enhancing value for all stakeholders and partners within the construction business. It is recommended that businesses implementing Le-Green techniques should have a business model to reduce costs and to operate business activities more profitably and sustainably. This has implications for the future success of ecological sustainability and green construction initiatives, mainly in terms of enforcement and incentivization in the UAE. Therefore, there is an urgent need both to secure cultural and positional transformation in order to introduce the essential Le-Green principles to all stakeholders.
[bookmark: _Toc20133058]Academic Implications
The academic implications of the current research can be summarized as follows:
a) Drawing boundaries between lean and green as there is a lack of studies in this regard, particularly in the construction industry.
b) Defining and highlighting the limits, relationships, and links between the lean, green, and sustainable business performance. 
c) Introducing an integrated model of lean, green, and sustainable business performance and testing the developed model in the construction industry.
d) Testing the role of the construction business industry’s top management regarding the adoption and implementation process of lean and green principles. 
[bookmark: _Toc20133059]Applied Implications
The practical or applied implications of the current research can be summarized as follows:
a) Providing evidence of reducing costs and enhancing value for all stakeholders and partners within the construction business by applying Le-Green techniques.
b) Encouraging organizational transformation toward Le-Green construction techniques. 
c) Presenting the actual costs of implementing Le-Green techniques and programs. 
d) Encouraging the construction industry’s top management to formulate suitable strategies regarding the adoption of Le-Green techniques.
e) Supporting government-issued regulations regarding Le-Green techniques for all types of projects.
In conclusion, this study:
a) Has been conducted due to the major negative impact of construction activities on environmental elements and resources.
b) Will, it is hoped, motivate construction firms to look deeply into its activities and reduce or eliminate its negative environmental impact.
c) Clarifies the misunderstanding between sustainability (TBL) and the green concept. 
d) Confirms that considering Le-Green techniques and reducing or eliminating the negative impact of construction activities will support construction firms’ sustainable business performance and allow them to gain a better competitive market position, which supports similar outcomes from other studies performed in different industries.


[bookmark: _Toc20133060]Limitations and Future Research
[bookmark: _Toc20133061]Limitations
This study has certain limitations, which provide avenues for future research. First, this study sample size is fairly low. This sample size could be expanded in future studies. Second, the data were collected from various categories of the construction industry, such as small, medium, and large firms, which apply different project management procedures. Le-Green techniques were assumed to have, within each sector size, to have similar effectiveness in because their purposes are similar; however, different values may apply to different firms, depending on their context. Therefore, for better results, similar categories of the construction industry should be considered collectively in specific data analyses. Third, Le-Green techniques should be communicated clearly to respondents, as many of them are already applying them without realizing it. Fourth, the study covered private construction companies only; governmental companies should be included in future studies to make the results more generalizable. Also, all the respondents were contractors as other project players were not included in the survey. Finally, the findings from this study are best interpreted in the context of UAE only and may not be generalizable to other countries.
[bookmark: _Toc20133062]Future Research
One suggestion for future research would be to verify to what extent the empirical results of the present research are useful and make sense in other business settings. Subsequently, further research is encouraged that may validate and expand upon them to provide a comparison of different countries, mainly within the region. Future investigations should consider how contractors’ Le-Green techniques impact clients and it would also be of value to clients of sustainability. Investigation into how sustainability is a value-added service could indicate what premiums for Le-Green techniques would be tolerated by the market.
[bookmark: _Toc20133063]Summary
The present study’s theoretical implications include defining the relationship between lean, green, and sustainable business performance, with an integrated model of lean, green, and sustainable business performance being proposed. It has also aimed to understand the role of top management regarding the adoption and implementation process of lean and green principles. Practically, the study has confirmed that the application of lean and green construction techniques will reduce the costs and enhance value for all stakeholders.
The limitations of this study are related to the study design (cross-sectional) and the use of online self-administered questionnaires, as well as the limitation concerning only private-sector companies participating. 






[bookmark: _Toc20133064]APPENDIX 1: SURVEY QUESTIONNAIRE FOR THE LEAN STUDY
This questionnaire examines the impact of lean construction (LC) on construction industry to help identify how industry can benefit from lean. Please tick appropriate answers based on your experience. 

GENERAL INFORMATION (Ogunbiyi, 2014)

1. Name of organisation (optional)……………………………. 
………………………………………………………………. 
2. Number of employees 
              ☐ Up to 50	 ☐ up to 250		  ☐ above 250 

3. Position of respondent………………………………………. 

4. Professional discipline 			     Please tick 
a. Architect 					☐
b. Quantity Surveyor 				☐
c. Engineering 					☐
d. Building 					☐
e. Other (please specify)…………………………….. 

5. Number of years of professional experience 
☐ 1-5yrs 	☐ 6-10yrs 	☐ 11-15yrs 
☐ 16-20yrs 	☐ 21yrs and above 

6. What is the main activity of your business? 
☐ Construction 
☐ Design & construction 

Please indicate your level of agreement with the following statements based on your experience in your organisation (Questions 7-42).
	
	Statement 
	Strongly agree 
	Agree
	Neutral 
	Disagree 
	Strongly disagree

	
	Waste Reduction (Andrew, et al., 2004)
	
	
	
	
	

	7
	Off-site prefabrication was applied
	
	
	
	
	

	8
	Just-in-time delivery strategy used
	
	
	
	
	

	9
	Standardisation of design to improve build ability
and reduce the quantity of off-cuts
	
	
	
	
	

	10
	Stock control measures to avoid the
over ordering of materials
	
	
	
	
	

	11
	Provision of waste skips for specific materials
	
	
	
	
	

	
	Process Focus (Nunez, 2014)
	
	
	
	
	

	12
	Workstations are organized with materials and tools in their designated places.
	
	
	
	
	

	13
	The workplace follows the principles of Sort, Straighten, Sweep, Standardize, and Systematize.
	
	
	
	
	

	14
	An in-process inspection plan is in place to prevent rework.
	
	
	
	
	

	15
	Methods for site assembly show piece marks or other methods to assure a “one way only fit” such as colour coding, numbering, etc.
	
	
	
	
	

	16
	Work processes are documented and available to the project team.
	
	
	
	
	

	
	End Customer Focus (Nunez, 2014)
	
	
	
	
	

	17
	Project objectives and the customer’s requirements are known by all parties involved
	
	
	
	
	

	18
	Value added is defined in terms of the entire project by all the participants.
	
	
	
	
	

	19
	Teams are formed to develop strategies to accomplish project goals.
	
	
	
	
	

	20
	Contractor is often able to refocus and reorganize to meet changing customer requirements
	
	
	
	
	

	21
	Project participants are flexible in meeting situations with the required materials, tools, labor, etc.
	
	
	
	
	

	
	Continuous improvement (Nunez, 2014)
	
	
	
	
	

	22
	Lessons learned in the field are documented, and passed on to others.
	
	
	
	
	

	23
	A written procedure is in place for dealing with problems discovered in the field.
	
	
	
	
	

	24
	Works-In-Progress are monitored throughout the job.
	
	
	
	
	

	25
	Quality is monitored.
	
	
	
	
	

	26
	Productivity is monitored against the plan and shared with the crew.
	
	
	
	
	

	
	Continuous improvement (Nunez 2014)
	
	
	
	
	

	27
	We select and evaluate suppliers based on product quality 
	
	
	
	
	

	28
	We select and evaluate suppliers based on product availability
	
	
	
	
	

	29
	We select and evaluate suppliers based on product performance
	
	
	
	
	

	30
	Our communication with suppliers is excellent
	
	
	
	
	

	31
	We have continuous improvement programs that include key suppliers 
	
	
	
	
	

	

	System Perspective (Kulatunga, et al., 2006)
	
	
	
	
	

	32
	Due to lean implementing our Errors in contract documents has reduced 
	
	
	
	
	

	33
	Due to lean implementing our incomplete contract documents at commencement of project has reduced
	
	
	
	
	

	
	Economic performance (Rao & Holt, 2005)
	
	
	
	
	

	34
	Due to lean implementing our company market opportunities has increased
	
	
	
	
	

	35
	Due to lean implementing our product price has increased
	
	
	
	
	

	36
	Due to lean implementing our company profit margin has increased 
	
	
	
	
	

	37
	Due to lean implementing our company sales  has increased
	
	
	
	
	

	38
	Due to lean implementing our company market share has increased 
	
	
	
	
	

	
	Competitive advantage (Rao & Holt, 2005)
	
	
	
	
	

	39
	Due to lean implementing work efficiency has improved
	
	
	
	
	

	40
	Due to lean implementing work quality has improved 
	
	
	
	
	

	41
	Due to lean implementing work productivity has improved 
	
	
	
	
	

	42
	Due to lean implementing cost saving has improved 
	
	
	
	
	


















[bookmark: _Toc20133065]APPENDIX 2: SURVEY QUESTIONNAIRE OF THE GREEN STUDY
Dear Participant:
My name is Jaber Shurrab, a DBA student at Abu Dhabi University, working as projects manager and managing major clients projects in Abu Dhabi with a 20 years’ experience in construction business, construction business is presenting a major share in the economy and generate huge amount of waste which effect the natural resources and create losses to the economy, therefore we are working on a study which can help us discover the effects green construction activities that can save the environment and maintain resources for the coming generations. 
You have been selected to participate in study that examines the influence of green construction activities in UAE. You were selected based on the fact that your feedback is very important due to your long experience in the construction business .To participate, simply fill out the questionnaire attached to this letter. Your honest and open participation is vital to our ability to accurately discover these effects.
There are 46 questions in the questionnaire. We anticipate that this survey should take no more than 15 minutes to complete. Participation in this survey is completely voluntary. All questionnaires are received anonymously and will be treated as such. 


Jaber Shurrab
1053508@students.adu.ac.ae
























GENERAL INFORMATION (Ogunbiyi, 2014)

1. Number of employees 
              ☐ Up to 50	 ☐ up to 250		  ☐ above 250 

2. Position of respondent………………………………………. 

3. Professional discipline 			     Please tick 
a. Architect 					☐
b. Quantity Surveyor 				☐
c. Engineering 					☐
d. Building 					☐
e. Other (please specify)…………………………….. 

4. Number of years of professional experience 
☐ 1-5yrs 	☐ 6-10yrs 	☐ 11-15yrs 
☐ 16-20yrs 	☐ 21yrs and above 

5. What is the main activity of your business? 
☐ Construction 
☐ Design & construction 


Please indicate your level of agreement with the following statements based on your experience in your organisation
	Please select “one” response to each of the following questions:
	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree

	
	CO2 emissions reduction
	
	
	
	
	

	1
	Company is  using low CO2 emissions machineries  
	
	
	
	
	

	2
	Company is using off-site prefabrication
	
	
	
	
	

	3
	Company is  using Fuel efficient equipment/machinery
	
	
	
	
	

	
	Green awareness 
	
	
	
	
	

	4
	Construction activities have negative impacts on the environment
	 
	 
	 
	 
	 

	5
	green construction activities preserving natural resources
	
	
	
	
	

	
	Energy and water saving
	
	
	
	
	

	6
	Company is using energy saving lights (LED)
	
	
	
	
	

	7
	Company is using energy efficient HVAC
	 
	 
	 
	 
	 

	8
	Company is using  motion sensors
	
	
	
	
	

	9
	Company is  using water saving products (low flow showers, sensor water taps)
	 
	 
	 
	 
	 

	10
	Company is using wastewater recycling technologies
	
	
	
	
	

	11
	Company is using none drinking water in its daily activates
	
	
	
	
	

	12
	Cost of green technologies and materials is high
	
	
	
	
	

	
	Renewable resources
	
	
	
	
	

	13
	Company is using solar water heaters
	
	
	
	
	

	
	Facilitating green practices
	
	
	
	
	

	14
	Green is part of the company polices 
	
	
	
	
	

	15
	Organization applies ISO 14001(Environment management)
	 
	 
	 
	 
	 

	16
	Organization applies Estidama standards 
	 
	 
	 
	 
	 

	17
	Green is part of the company mission and vision
	 
	 
	 
	 
	 

	18
	Green construction standards result in Co-operation of government facilities
	 
	 
	 
	 
	 

	
	Environmental training
	 
	 
	 
	 
	 

	19
	Employees are familiar with green construction materials
	 
	 
	 
	 
	 

	19
	Employees are will experience of green construction 
	 
	 
	 
	 
	 

	20
	green training is mandatory for all employees working in construction industry
	 
	 
	 
	 
	 

	21
	Employees are applying green activities even its not rewarded
	 
	 
	 
	 
	 

	22
	Company is arranging green awareness programs for all employees
	 
	 
	 
	 
	 

	23
	Company is applying environmental training for all employees
	 
	 
	 
	 
	 

	24
	Employees are rewarded for applying green activities 
	 
	 
	 
	 
	 

	25
	Lack of technical expertise
	
	
	
	
	

	
	Management commitment 
	 
	 
	 
	 
	 

	26
	Company top management is committed to green
	 
	 
	 
	 
	 

	27
	Company management are requesting the employee to send suggestions for environment saving activities
	 
	 
	 
	 
	 

	28
	Company is willing to pay the green cost even if the client not willing to do so
	
	
	
	
	

	
	Clients awareness and support 
	
	
	
	
	

	29
	Clients are aware of green in construction industry
	 
	 
	 
	 
	 

	30
	Clients are willing to pay the cost of the green 
	 
	 
	 
	 
	 

	31
	Market trends motivate companies towards green
	
	
	
	
	

	32
	Customers requesting to apply green activities at their projects
	
	
	
	
	

	
	Supplier / subcontractor  awareness and support
	
	
	
	
	

	33
	Designers are always adding environmentally friendly materials in their designs 
	 
	 
	 
	 
	 

	34
	Quality awards may be a motivation for a supplier / subcontractor  to invest in green construction practices
	 
	 
	 
	 
	 

	35
	Clear vision and goals of the company motivates their / subcontractor to green construction practices
	 
	 
	 
	 
	 

	36
	Promoting mutual trust may motivate suppliers towards green construction
	 
	 
	 
	 
	 

	37
	A suppliers / subcontractor may be motivated for green to match standards
	 
	 
	 
	 
	 

	38
	Supplier/subcontractors clearly understand the green construction practices 
	 
	 
	 
	 
	 

	39
	Supplier/subcontractors are willing to spend a higher amount of time and effort to the apply the green construction practices
	 
	 
	 
	 
	 

	40
	The sense of accountability motivates the supplier/ subcontractors to be green
	 
	 
	 
	 
	 

	41
	Green construction standards motivate suppliers / subcontractors to be green
	 
	 
	 
	 
	 

	42
	Subcontractors are aware of construction green
	
	
	
	
	

	43
	Adopting of the green constriction activities will force subcontractors to become green
	
	
	
	
	

	
	Green purchasing
	
	
	
	
	

	44
	Company is applying environmental procurement policy
	
	
	
	
	

	45
	Company selects environmental certified suppliers only
	
	
	
	
	

	46
	Company conducts supplier environmental audit 
	
	
	
	
	





[bookmark: _Toc20133066]APPENDIX 3: SURVEY QUESTIONNAIRE OF THE Le-Green STUDY
Appendix 1: Questionnaire used in this study 
This research is to examine the impact of lean and green construction factors on the sustainable performance of construction industry. To help identifying how industry can benefit from lean and green. The survey will require not more than 10 minutes of your time. Your responses will be kept strictly confidential and will be used for academic purposes only. Your co-operation is highly appreciated and a valuable contribution towards the success of this research project. Thank you very much for taking the time to complete the survey. Please tick appropriate answers based on your experience. 

GENERAL INFORMATION 

 
1. Number of employees 
              ☐ Up to 50	 ☐ up to 250		  ☐ above 250 

2. Position of respondent………………………………………. 

3. Professional discipline 			     Please tick 
a. Architect 					☐
b. Quantity Surveyor 				☐
c. Engineering 					☐
d. Building 					☐
e. Other (please specify)…………………………….. 

4. Number of years of professional experience 
☐ 1-5yrs 	☐ 6-10yrs 	☐ 11-15yrs 
☐ 16-20yrs 	☐ 21yrs and above 

5. What is the main activity of your business? 
☐ Construction 
☐ Design & construction 

Please indicate your level of agreement with the following statements based on your experience in your organisation.







	How do you agree to the fact that the following lean construction factors have an impact on sustainable performance?

	
	Statement 
	Strongly agree 
	Agree
	Neutral 
	Disagree 
	Strongly disagree

	
	Waste Reduction
	
	
	
	
	

	1
	Just-in-time delivery strategy
	
	
	
	
	

	2
	Standardisation of design 
	
	
	
	
	

	3
	Off-site prefabrication
	
	
	
	
	

	
	Process Focus
	
	
	
	
	

	4
	Workstations organization 
	
	
	
	
	

	5
	The workplace principles of Sort, Straighten, Sweep, Standardize, and Systematize.
	
	
	
	
	

	6
	In-process inspection plan 
	
	
	
	
	

	
	End Customer Focus
	
	
	
	
	

	7
	Clear Project objectives and the customer’s requirements
	
	
	
	
	

	8
	Defined project added Value
	
	
	
	
	

	9
	Develop project  strategies
	
	
	
	
	

	
	Continuous improvement
	
	
	
	
	

	10
	Monitoring Works-In-Progress
	
	
	
	
	

	11
	Monitoring Quality
	
	
	
	
	

	12
	Monitoring Productivity
	
	
	
	
	

	
	Cooperative Relationships 
	
	
	
	
	

	13
	Select suppliers based on product quality 
	
	
	
	
	

	14
	Select suppliers based on product availability
	
	
	
	
	

	15
	Select suppliers based on product performance
	
	
	
	
	


	How do you agree to the fact that the following Green construction factors have an impact on sustainable performance?

	Statement
	Strongly agree 
	Agree
	Neutral 
	Disagree 
	Strongly disagree

	
	supplier / subcontractor  awareness and support
	
	
	
	
	

	16
	Supplier/subcontractors green construction practices understanding
	 
	 
	 
	 
	 

	17
	A suppliers / subcontractor motivation for green to match standards
	 
	 
	 
	 
	 

	18
	Subcontractors green constriction factors  adoption
	
	
	
	
	

	
	Clients awareness and support 
	
	
	
	
	

	19
	Clients awareness of green constriction factors
	 
	 
	 
	 
	 

	20
	Clients willingness to pay green constriction factors extra cost
	 
	 
	 
	 
	 

	21
	Greenness Market trend
	
	
	
	
	

	22
	Customers requesting to greenness application
	
	
	
	
	

	
	Energy and water saving
	
	
	
	
	

	23
	Using energy saving lights (LED)
	
	
	
	
	

	24
	Using  motion sensors
	
	
	
	
	

	25
	Using water saving products ( low flow showers, Sensor water taps tapes)
	 
	 
	 
	 
	 

	
	Facilitating green practices
	
	
	
	
	

	26
	Company Green polices , mission and vision
	
	
	
	
	

	27
	ISO 14001(Environment management)
	 
	 
	 
	 
	 

	28
	Company Estidama standards application
	 
	 
	 
	 
	 

	
	Renewable resources
	
	
	
	
	

	29
	Using Solar water heaters
	
	
	
	
	

	30
	Using Solar lighting systems
	
	
	
	
	

	
	Management commitment 
	
	
	
	
	

	31
	Company top management green commitment 
	
	
	
	
	

	32
	Company management commitment to employees green suggestions
	 
	 
	 
	 
	 

	33
	Company willingness to pay green constriction factors extra cost
	 
	 
	 
	 
	 

	How do you agree to the fact that the following lean and green construction factors have an impact on your company Economic performance?

	Statement
	Strongly agree 
	Agree
	Neutral 
	Disagree 
	Strongly disagree

	
	Economic performance
	
	
	
	
	

	34
	lean and green construction factors implementation increased market opportunities
	
	
	
	
	

	35
	lean and green construction factors implementation increased product price
	
	
	
	
	

	36
	lean and green construction factors implementation increased profit margin
	
	
	
	
	

	37
	lean and green construction factors implementation increased company sales 
	
	
	
	
	

	38
	lean and green construction factors implementation increased market share 
	
	
	
	
	

	How do you agree to the fact that the following lean and green construction factors have an impact on Competitive advantage?

	Statement
	Strongly agree 
	Agree
	Neutral 
	Disagree 
	Strongly disagree

	
	Competitive advantage 
	
	
	
	
	

	39
	lean and green construction factors implementation improved work efficiency
	
	
	
	
	

	40
	lean and green construction factors implementation improved work quality 
	
	
	
	
	

	41
	lean and green construction factors implementation improved work productivity
	
	
	
	
	

	42
	lean and green construction factors implementation improved cost saving 
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