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Abstract 

The integration of Lean, Green, and Industry 4.0 (I4.0) technologies has emerged as a crucial focus in the pursuit of 
enhanced efficiency and sustainability in the construction industry. In particular, the Mechanical, Electrical, and 
Plumbing (MEP) systems, which are fundamental components of modern construction projects, stand to benefit 
significantly from the application of these advanced frameworks. However, despite the growing body of literature 
exploring Lean and Green principles as well as I4.0 technologies, the specific intersection of these concepts within 
MEP construction remains underdeveloped. This paper aims to address this gap by conducting a systematic literature 
review that critically examines the integration of Lean, Green, and I4.0 technologies in MEP construction. By 
analysing existing studies and identifying synergies and challenges, this review seeks to provide a comprehensive 
understanding of the current state of research and to propose pathways for future development in this area. 

Keywords 
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1. Introduction
The rapid evolution of Industry 4.0 (I4.0) technologies, combined with an increasing focus on sustainability, has 
reshaped many sectors, including construction. As the need for more efficient and eco-friendly practices grows, the 
integration of Lean and Green principles into construction processes, particularly in Mechanical, Electrical, and 
Plumbing (MEP) systems, has emerged as a pivotal area for investigation. While these approaches offer significant 
potential to enhance operational performance, the construction industry, in contrast to sectors like manufacturing, has 
been relatively slow in embracing and applying these innovations. This paper seeks to explore the synergies between 
Lean, Green, and I4.0 technologies, with a particular focus on their implementation in MEP systems. Through a 
systematic review of existing literature, the study aims to identify research gaps, evaluate current frameworks, and 
propose a cohesive approach to integrating these methodologies. By doing so, this review contributes to the 
advancement of sustainable, technology-driven practices within the construction industry, offering insights that could 
lead to greater efficiency and environmental stewardship. 
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2. Research Question  
To set up a systematic review methodology the following Literature review question is adopted: 

1. Are the lean and green principles adopted in manufacturer and general construction applicable to MEP 
systems in construction? 

2. What tool or method shall be adopted to measure the conformance to lean and green principles in system 
construction? 

3. What are the common and non-common areas for Lean and green initiatives for the Generic dynamic system 
construction process? 

4. To what extent could the most technologically related mechanism, technology of computer-integrated 
solutions, BIM-integrated construction, Augmented Reality Integration, Automation in construction, and 
Industry 4.0 technologies contribute to delivering the subject framework? 

 
3. Literature Review Methodology 
The formation of theories is facilitated by well-done literature reviews, which also help to close gaps in knowledge 
where a wealth of research already exists. (Richard T. Watson, 2020). A systematic search should ensure a relatively 
complete census of relevant literature. It can be gauged that the review is nearing completion when new concepts in 
the article set are not found. (Richard T. Watson, 2002).  The research questions stated in the preceding section have 
been answered based on a systematic assessment of the existing literature since a literature review entails a methodical, 
explicit, and repeatable procedure. A systematic literature review (SLR), is a technique that uses a clear, transparent, 
and explicit approach and several steps to make sure the literature review process is conducted with the necessary 
rigour and transparency. A systematic literature review entails the following five steps: 1) formulation of the question, 
2) Locating the studies,3) study selection and assessment, 4) analysis and synthesis, and 5) reporting and application 
of the findings. (Denyer, 2009), Being transparent about the systematic review process is important, especially 
regarding the literature section and the decisions made about using certain search keywords and databases. This is 
covered in the subsections that follow. The stages of the SLR that were completed, the tools and methods utilized to 
support each stage, as well as the portion of the article where they are addressed, are depicted and summarized in 
Table 1. 
 

Table 1. SLR Stages Aims and Reference 
 
 SLR Stages  Aims Methodology Via  Reference  
1 Formulation 

of the 
question 

Restatement 
of the 
research 
question  

Distil the 
question from 
the overall 
study  

Analytical approach  Section#2 

2 Locating 
the studies, 

Segregate 
and Prioritize 
The studies   

Major 
Electronic 
Data sources,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-Elsevier(sciencedirect.com) 
-Emerald(emeraldinsight.com) 
-Taylor&Francis (T&F)(tandfonline.com) 
-IEEE (ieeexplore.ieee.org) 
-Springer (springerlink.com) 
-Wiley (onlinelibrary.wiley.com) 
-Inderscience (inderscience.com) 
-EBSCO (ebscohost.com) 
-ISI Web of Science (wokinfo.com) 
-Research Gate(www.researchgate.net) 
-Google Scholar (scholar.google.com) 
-University of Derby Library 
-MDPI Open Access Journals 
(www.mdpi.com) 
- Lean Construction Journal 
(https://leanconstruction.org/resources/lean-
construction-journal/) 
-The International Association for Automation 
and Robotics in Construction 
(http://www.iaarc.org) 

Section#3.1 

3 study 
selection 
and 
assessment 

Calsify the 
last published 
studies for 
relevant 
subjects 
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 SLR Stages  Aims Methodology Via  Reference  
 
 
 
Research 
period 
assignment,  
 
Limitations 
and border,  
 
 
 
 
Identifying 
the Key word 
or sentences,   

 
 
Period 2018-2024 
 
 
 
Include: Lean, Sustainability /Green, MEP 
Construction and I4.0 technology  
  
Exclude: Circular Economy and Supply chain 
when related to the subject 
 
The possible combination of Lean, Green, 
sustainability, eco-efficiency, MEP systems, 
mechanical and electrical systems, 
Construction, technology, Environmental 
Value stream mapping (E-VSM) and Industry 
4.0 

4 analysis and 
synthesis 

Conduct 
Analytical 
and synthesis 
procedures 

Methods 
determination  
 
Classification 
and Coding 

thematic analysis  
 
 
Excel 

Section#4 

5 reporting 
and 
application 
of the 
findings 

reporting and 
implementing 
the results 

  Section#5 

 
3.1 Locating the Studies  
To locate papers pertinent to the review's focus, search terms were taken into account by several publishers. 
Elsevier(sciencedirect.com), Emerald(emeraldinsight.com), Taylor&Francis (T&F) (tandfonline.com), IEEE 
(ieeexplore.ieee.org), Springer (springerlink.com), Wiley (onlinelibrary.wiley.com), Inderscience (inderscience.com), 
EBSCO (ebscohost.com), Research Gate(www.researchgate.net), ISI Web of Science (wokinfo.com), Google Scholar 
(scholar.google.com), When the same articles keep showing up, the point of saturation has been achieved. The key 
subjects of the phenomenon under inquiry served as the basis for the search string specifications. The possible 
combination of Lean, Green, sustainability, eco-efficiency, MEP systems, mechanical and electrical systems, 
Construction, technology, Environmental Value stream mapping (E-VSM) and Industry 4.0 technologies were thus 
included in the search terms. This made it possible to define a precise search focus and exclude articles when it was 
discovered that they didn't mention the inclusion of both phrases or implied a connection between them. In some 
circumstances, identical items might be found using different search terms. However, a systematic search and selection 
technique was required to guarantee the thoroughness of the literature review. When the same articles keep choosing 
to appear, it is said that saturation has been attained. Furthermore, based on the abstracts of the papers,' manual checks' 
were undertaken on all of the publications that met the search string requirements. This resulted in the removal of 
papers that did not address the subject. Peer-reviewed publications published in academic journals and proceedings of 
international conferences were included in the search results, as these sources are the most valuable and reputable for 
literature reviews. This, along with the search parameters outlined in this section, led to the identification of a final 
sample of 62 articles that included some combination of Lean, Green /sustainability, MEP System Construction and 
I4.0 technologies. 
 
3.2 Analysis and Synthesis 
Thematic synthesis was deemed the most suitable method for combining the findings from the systematic review of 
the literature conducted in this study because it is effective at identifying significant recurring themes and uses 
structured ways of dealing with data within each theme (Elaine Barnett-Page, 2009). The chosen papers were first 
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divided into six major centric categories for each aspect, as shown in Fig.1. To be deployed, 1)lean, 
2)Green/Sustainability, 3)Technologies/I4.0, 4)General Construction, 5)MEP construction and 6)Manufacturing that 
all must be operationalized, depending on their broad or small-scale nature, Where they were employed to identify 
communal characteristics across the literature, the articles categorized in overlapping concept as shown in the article 
scope matrix Table 2, for example, the same article could be available in more then one category this is to facilitate 
the concept of centric category, the Analysis and Synthesis of the articles as indicated in the next section 4, the article 
number will follow Table 2 numbering. 
 

 
Figure 1. Initial thematic categorization for included articles 

 
With the use of this preliminary categorization, the 62 articles could be coded, individually examined and assigned to 
one of the classification groups. As a result, lean and green MEP Projects using construction technologies, as well as 
relevant components and connections between the themes, were found. Figure 1 displays the number of articles that 
were divided into each category.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

lean and green MEP 
Projects using the 

construction 
technologies n=62

Lean Centric, Category-1, 26 
Article

Green Centric, Category-2, 11 
Article

Technology/I4.0 Centric, 
Category-3, 53 Article

General Construction Centric 
Category-4, 36 Article

MEP Construction Centric 
Category-5, 9 Article

Manufacturing Centric 
Category-6, 7 Article
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Table 2. Article Scope Matrix 
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1 (Qinglin Wu, 2022)     X   X   32 (Lena E. Bygballe, 2022) X     X     
2 (WON J U N CHOI, 2022)     X   X   33 (Wesam Salah Alaloul M. L., 2019)     X X     
3 (Ritu Ahuja, 2018) X X X       34 (Frédéric Boschéa, 2013)     X   X   
4 (James Garbett, 2020)     X       35 (Robert Lopez, 2022)         X   
5 (Jad Chalhoub, 2021)     X       36 (Boateng, 2020) X     X     
6 (Ya Hui Teo, 2022)     X   X   37 (Phillip Schönfelder, 2023)     X X     
7 (Sanjay Bhattacharya, 2022) X   X X     38 (Shiyao Caia, 2019)     X X     
8 (Ahmed.M. Eldeep, 2021) X   X X     39 (Jianpeng Cao, 2021)     X X     
9 (Sejun Janga, 2018) X   X   X   40 (Lang-Tao Wu, 2022)     X   X   
10 (Kangkang Duan, 2023)     X   X   41 (Müge Tetika, 2019)     X X     
11 (Subhav Singh, 2020) X   X X     42 (Christoph Paul Schimanski, 2021) X   X X     
12 (Adrian Michalski E. G., 2022) X   X X     43 (Valerian Vanessa Tuhaise, 2023)     X X     
13 (Mohammed Ali Berawia, 2019)     X X     44 (Ming Shan Ng D. H., 2022)     X X     
14 (Emad Bakhoum, 2023)     X X     45 (Nathan Melenbrinka, 2020)     X X     
15 (Ming Shan Ng D. H., 2022)     X X     46 (David Carvajal-Arango, 2019) X X   X     
16 (Ming Shan, 2020)     X X     47 (Wesam Salah Alaloul A. H., 2021)     X X     
17 (Bock, 2015)     X X     48 (Jos A.C. Bokhorst3’, 2022) X         X 
18 (Samad M. E. Sepasgozar, 2023)     X X     49 (Eder Martinez3’, 2023)     X X     
19 (Rita Lavikka, 2021)     X   X   50 (Rohin Titmarsh, 2020) X X X     X 
20 (Monique Rieger Rodrigues, 2021) X   X X     51 (Nedjwa ELAFRI, 2022) X   X       
21 (Caleb Debrah, 2022)   X X       52 (Biyanka Ekanayake, 2021)     X X     
22 (Ayaz Khan 1, 2022)     X X     53 (Antonio J. Sanchez-Garrido, 2023)     X X     
23 (Rebecca Siegel a, 2019) X X         54 (Pascal Langlotza, 2021) X   X       
24 (Mohammadsoroush Tafazzoli 1, 

2020) 
X X         55 (A. Mayra, 2018) X   X     X 

25 (Agency, 2007) X X         56 (Elafei Najwaa’, 2022) X   X     X 
26 (Rajeev Rathi a, 2022) X X         57 (Pellerin, 2022) X   X     X 
27 (Adrian Michalski E. G., 2022) X   X X     58 (Marina Marinelli, 2021) X   X     X 
28 (Kyuhyup Leea, 2018)     X X     59 (Simon Schumachera, 2022) X   X     X 
29 (Vítor Pereira a, 2021)   X X X     60 (Larissa Stats. and Aparna 

Samaraweera, 2022) 
    X X     

30 (Pedro Saieg, 2018) X X X X     61 (Qian Zhang, 2024)     X X     
31 (Dhanasingh Sivalinga Vijayan, 2023)   X X X     62 (Anil Sawhney, 2020)     X X     

 
4. Results and Debate 
The Subject research consists of several aspects in which the framework shall be perfectly designed to serve the aim 
and objective of the study, Lean, Sustainability/Green, MEP System Construction, metrics, Environmental Value 
Stream Mapping E-VSM and the I4.0 technology, Each aspect is presented in the literature in macro or micro level, 
fragmented to include some aspects or formed to discuss different theoretical paradigm, the preliminary systematic 
Literature Review SLR shows that the whole research aspects not available in a single study theme, for this, Table 2  
classify the related aspects according to the searching criteria for each article, then the analysis and synthesis shall be 
conducted to distil the conceptual relationship and how it can be extended within the context of the study in hand. 
 
4.1 Publication Data Source 
Figure 2 and Table 3 Illustrate the Number of Publication per database showing the proportional differences among 
them 
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Figure 1. Publication Source 

Table 3. Data Base Publication Source 

Database No. of 
Articles 

% 

Elsevier(sciencedirect.com) 40 64.5% 
MDPI Open Access Journals (www.mdpi.com) 9 14.5% 
Emerald(emeraldinsight.com) 6 9.7% 
ASCE Library https://ascelibrary.org/ 1 1.6% 
Google Scholar (scholar.google.com) 1 1.6% 
IEEE (ieeexplore.ieee.org) 1 1.6% 
Lean Construction Journal (www.leanconstructionjournal.org) 1 1.6% 
Taylor&Francis (T&F)(tandfonline.com) 1 1.6% 
The International Association for Automation and Robotics in Construction 
(http://www.iaarc.org) 

1 1.6% 

U.S. Environmental Protection Agency (EPA) (http://www.epa.gov/lean) 1 1.6% 

4.2 Article Number per Classified Category 
As Illustrated In Section 3.2 and Figure 1 The assigned initial centric categories were Preliminary classified according 
to the Center aspect of the study from the viewpoint of the literature review at hand, in general, the results indicate 
that the topic of MEP Construction when it is evaluated to have the link to Lean, Green and technologies/I4.0 aspects 
gains less interest in the literature or still an emerging topic with 6% only of the total 62 articles as shown in Table 4, 
noting that with subject 6% ( 9 pieces of study ) the whole research aspects not available in a single study theme, 
whereas the Technology/I4.0 and general construction centric studies gains more interest in the literature, this 
illustrating the existing gap in the literature where the study in-hand shall fill up relatively for the subject matter. These 
findings direct the literature review to evaluate the available literature via two paths, the first one is the Manufacturing-
centric studies and the second is the General construction-centric studies in which both bathes shall contribute to form 
the base framework for the targeted MEP Construction-Centric frameworks in hand, 

0.0%
10.0%
20.0%
30.0%
40.0%
50.0%
60.0%
70.0%

0
5

10
15
20
25
30
35
40
45

%

N
o.

 O
f A

rt
ic

le

Data Base

Publication Source

Number of Article %

311



Proceedings of the 15th International Conference on Industrial Engineering and Operations Management 
Singapore, February 18-20, 2025 
 

© IEOM Society International 

 
Table 4. Articles weight per Category 

  
Research Aspects % 

1 Lean, 18% 
2 Green 8% 
3 Technology/I4.0 37% 
4 General Construction 25% 
5 MEP Construction 6% 
6 Manufacturing 5% 

 
4.2.1 The Research Gap 
This part illustrates the research gap from different authors' perspectives and backgrounds, generally, the SLR shows 
the assessment of the current construction sector as very slow in adapting to the current technological revolution in 
comparison to other industries such as manufacturing and communication, implicitly the question of “ why the 
construction industry can't get a notable disruptive technological adaptation and integration to enhance the operation 
performance”? , and with several Management approaches especially Lean construction and green construction,  
“There are currently many ambiguities and a lack of investigation into future directions and what construction workers 
should expect in the latter half of the 21st century” (Samad M. E. Sepasgozar, 2023). Another study investigating the 
combined model of Lean and green via BIM Technology in the construction sector AEC Argue that” even though 
there is an increasing volume of research in these fields, there is still little or no research that relates the three concepts 
or how to apply this synergy in the industry” (Pedro Saieg, 2018). Another Study Argues that “there is a lack of studies 
with a holistic view of I4.0 technologies and their application in Construction Industries. The existing literature often 
focuses on deciphering a narrow piece of I4.0 technology or tool” (Larissa Statsenko and Aparna Samaraweera, 2022). 
The discussion  mainly projects the civil and architectural threads at first glance as the main element of the AEC sector 
which could be classified as “ Static Systems” and The MEP System as a “ Dynamic System” This classification takes 
the reference of the designed intention and ontology for each system at first consideration, of course the civil and 
architectural threads not a static system in absolute when it's relevant to the interaction with the surrounding 
environment such as seismic adapted towers however these towers designed to have a static state, unlike the MEP 
Systems which designed to transfer energy, Power etc…       
 
4.3 Manufacture industry-centric Studies Analysis 
The chosen articles in the field of manufacturing generally concentrate on business and engineering, along with 
management and accounting. Most of the papers' writers concentrated on manufacturing and how new technical 
solutions for sustainable and green production, especially from a management viewpoint, may be created by merging 
lean, green, and I4.0 principles. The Journal of Cleaner Production published the majority of the publications, the 
journal focuses on cutting waste and increasing the effectiveness of resources, such as energy, water, and human 
capital. The primary source, the International Journal of Production Research, suggests that the issue is primarily 
concerned with the integration of engineering and management. In engineering, manufacturing, production economics, 
sustainability, technology management, and logistics, lean, green, and I4.0 concepts have gained importance. The 
literature provides instances of connections between interest factors I4.0, lean, green, and operational performance; 
nevertheless, the analysis is top-level and excludes specific methods or instruments. Studies reveal that Industry 4.0 
enhances lean productivity, Lean is the cornerstone of smart Industry 4.0 and increases lean efficiency (Jos A.C. 
Bokhorst3’, 2022, Rohin Titmarsh, 2020, A. Mayra, 2018, Elafei Najwaa’, 2022, Pellerin, 2022, Marina Marinelli, 
2021, Simon Schumachera, 2022) 
 
4.4 General Construction Industry-centric Studies Analysis 
In general, the subject (36) studies included in this category, often focus on Technologies and process management. 
The majority of the authors focused on the Conceptual level of General construction and how combining concepts 
may result in new technological solutions to enhance operational performance, particularly from a management 
perspective. Some studies discuss the analysis and shed light on future directions for research and development of 
Lean and BIM initiatives, it is anticipated to promote thoughtful professional practice spurred by creative thinking for 
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the profitable use of BIM to provide Lean in the general construction context (Sanjay Bhattacharya, 2022), (Ahmed.M. 
Eldeep, 2021), (Subhav Singh, 2020), (Adrian Michalski E. G., 2022), Other studies assess the Individual technology 
tools such as Internet Of Things (IoT) platform's ability to enhance schedule performance and to suggest a new 
monitoring model, (Mohammed Ali Berawia, 2019),  evaluate the effects of virtual reality in construction (Emad 
Bakhoum, 2023). 
 
The study of (Ming Shan Ng D. H., 2022)Proposes a thorough synthesis outlining the factors that promote design for 
digital fabrication, the study develops a framework called “relational ontology” at a high-level conceptual level to 
show how various enablers/mechanisms (140 Nos.) are related to one another and presents a theoretical complex 
Process modelling for designing and managing construction automation, however, its lacks of clarity and simple 
practical steps. (Nathan Melenbrinka, 2020), concludes that much more work has to be done on general construction 
jobs before completely autonomous building can be achieved in unstructured contexts. 
 
A similar study by (Ming Shan, 2020), (Valerian Vanessa Tuhaise, 2023) analyses the demands of the industry for 
digital fabrication/ industrialized construction and partially determines the information, instruments, and 
responsibilities connected to fabrication that are most important at various phases of the general design as well as the 
needs for platform-based management and propose a conceptual management framework for BIM-platform-based 
integration for digital fabrication design in construction projects, despite that the author toch a valid area of common 
digital design platform deficiency the outcome does not have validation and not considering the design reference 
requirement. 
 
Propose a roadmap for developing some individual technologies for the construction sector by highlighting Emerging 
technologies and Identifying the challenges to implementing some technologies which could integrate with the 
construction processes, however, the proposals are still in the very early stage of theoretical expectation with no 
preliminary evidence of implementation, early experiment or case study in the general construction context.(Samad 
M. E. Sepasgozar, 2023), (Jianpeng Cao, 2021), (Wesam Salah Alaloul M. L., 2019), (Phillip Schönfelder, 2023), 
(Shiyao Caia, 2019), (Eder Martinez3’, 2023)  
 
The Studies conducted by (Pedro Saieg, 2018), (David Carvajal-Arango, 2019) and (Monique Rieger Rodrigues, 2021) 
suggest a complementary means among Lean, sustainability and BIM in the AEC sector by combining various 
technologies, techniques, and concepts, however, the study presents a general conceptual level of the literature review 
finding, no specific evidence of the relation, synergy or collaborative outcome of the initiatives in detail for specific 
construction activities. 
 
Present a framework combining nine General construction technologies proposed for six operation scenarios, the 
proposed frameworks (Larissa Statsenko and Aparna Samaraweera, 2022), (Qian Zhang, 2024), explored the possible 
connections between sustainability and Construction C4.0, (Kyuhyup Leea, 2018), suggests an augmented reality-
based job management system that takes advantage of smart gadgets. (Vítor Pereira a, 2021), (Christoph Paul 
Schimanski, 2021), Proposes a theory on how building information modelling (BIM) technology can or has already 
improved building efficiency, (Dhanasingh Sivalinga Vijayan, 2023) Suggests learning about the advantages of 
sustainable building through the use of eco-friendly materials and technology, (Lena E. Bygballe, 2022),  (Biyanka 
Ekanayake, 2021) and (Wesam Salah Alaloul A. H., 2021)  Discuss the Performance monitoring and measurement 
concerning Lean Construction LC and the last planner system LPS by identifying principal difficulties and offering 
recommendations for resolution, (Müge Tetik, 2019) proposes direct digital construction (DDC), a process 
management approach based on technology that aims to enhance building efficiency by reducing the need for 
individuals to interpret and reusing designs, however, the papers did not go beyond cited data from the literature and 
bring the technologies and the benefits together in one frame claiming the applicability by referencing other papers, 
so the question of how these technologies could contribute to the assigned target with clear practical examples or 
already implemented case studies is missing. 
    
The handbook of (Anil Sawhney, 2020) Discusses the dispersed nature of professional activity, research, and 
education in the built environment field. By explaining Construction 4.0 in the context of its current condition, new 
trends and technologies, and the people and process challenges that surround the impending revolution, The general 
note highlights the challenge to implementing C4.0 Technologies might be a departure point for more detail and clear 
frameworks, (Antonio J. Sanchez-Garrido, 2023), (Ayaz Khan 1, 2022), (Adrian Michalski E. G., 2022), (Boateng, 
2020), Conducted a Literature review in the field of modern construction methods, converge of lean and Building 
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information modelling BIM, in over all the papers does not place a specific solution instate it’s a general study of 
construction 4.0 implementation benefits and challenges. 
 
5. Conclusion 
The integration of Lean, Green, and Industry 4.0 (I4.0) technologies into MEP systems represents a transformative 
approach to advancing sustainable practices in the construction industry. This study has systematically reviewed 
existing literature, identifying significant synergies, gaps, and opportunities in this evolving field. While substantial 
research exists on Lean, Green, and I4.0 principles individually, their collective application in MEP systems remains 
underexplored, emphasising the novelty and potential of this research direction, however, environmentally sustainable 
Lean MEP Construction within the technology revolution C4.0, is currently one of the strategic requirements for 
organizations, and it needs to be integrated with their conventional aims of productivity and revenue. Several aspects 
of the lean construction, green, and Industry 4.0 paradigms have been examined since implementing these practices 
in conjunction or sequentially has been examined as a possible strategy for reaching this kind of convergence, 
however, the bulk of the publications on this topic have been published during the previous five years, indicating that 
the discipline is still in its early phases of growth, This SLR provided a methodical analysis of the body of research 
on MEP green lean construction with the use of I4.0, or latest available technologies, to distil a clear aspect shall 
contribute to form the base framework for the targeted MEP Construction-Centric frameworks in hand. The Study has 
identified Six major Centric categories for each aspect, as shown in Fig 1. To be deployed, 1)lean, 
2)Green/Sustainability, 3)Technologies/I4.0, 4)General Construction, 5)MEP construction and 6)Manufacturing, all 
operationalized, depending on their broad or small-scale nature, Where they were employed to identify communal 
characteristics across the literature,  the systematic Literature Review SLR shows that the whole research aspects are 
not available in a single study theme, for this, Table 2 classifies the related aspects according to the search criteria for 
each article, and then the analysis and synthesis conducted to distil the conceptual relationship and how it can be 
extended within the context of the study in hand. In general, the results indicate that the topic of MEP Construction 
when it is evaluated to have the link to Lean, Green and technologies/I4.0 aspects gains less interest in the literature 
or is still an emerging topic with 6% only of the total 62 articles as shown in Table 4, noting that with subject 6% ( 9 
pieces of study ) the whole research aspects not available in a single study theme.  Because of this, the Environmentally 
sustainable Lean MEP Construction within the technology revolution C4.0, idea was not entirely evident until recently, 
and there are still plenty of opportunities for more study to continue developing the streams that have already been 
identified. In conclusion, while the integration of Lean, Green, and I4.0 technologies in MEP systems is still in its 
infancy, it holds immense potential for revolutionising sustainable construction practices. Future research should aim 
to address identified gaps, prioritise practical applications, and foster innovation to make this vision a reality. By doing 
so, the construction industry can achieve enhanced efficiency, reduced environmental impact, and alignment with 
global sustainability goals. 
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