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Abstract: Civil construction is an industry of great relevance to the country's economy; however, it also stands out for generating a lot of waste throughout the construction cycle, which leads to the need to use tools and practices that will contribute to combat waste, reducing environmental impacts and making the construction industry increasingly productive. In view of the above, this study's theme is the use of BIM (Building Information Modeling), the principles of Lean Construction and Green Construction, with the objective of analyzing whether the integration of BIM technological tools and Lean practices and Green Construction can contribute to the sustainability and efficiency of construction processes in the Civil Construction industry in Brazil. The research is a bibliographical review, carried out on academic websites and books on the topic. For this analysis, the parameters considered are the quality of the projects, the rationalization of construction processes and the use of sustainable materials. The results show that the integration between BIM, Lean and Green can reduce the execution time of the work and consequently the costs, in addition to guaranteeing the final quality of the product. It is concluded from this study that BIM-Lean-Green integration can bring several benefits to civil construction.
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1. INTRODUCTION
Currently, society is discussing the scarcity of natural resources, the impacts on the environment, and the serious consequences of climate change, leading various sectors of the economy to seek more sustainable alternatives for their production processes. Among these sectors is the construction industry, which, despite being a highly important industry for the country's economy, is also known for generating significant amounts of waste throughout the construction cycle. This waste generation necessitates the use of tools and practices that contribute to the sustainability and efficiency of construction processes. 
In this context, several studies have been carried out and research points to solutions such as the use of BIM (Building Information Modeling), the use of Lean Construction principles and the adoption of sustainable construction principles, 
known as Green Construction or Green Building.
The objective of this paper is to analyze whether the integration of BIM technological tools and Lean and Green Construction practices can contribute to the sustainability and efficiency of construction processes in the Brazilian construction industry. To this end, it is necessary to present the three concepts: BIM, Lean, and Green (L&G+B), highlighting the characteristics of each in the construction process and identifying their contributions to sustainability, assessing the possibilities and describing the potential benefits of integrating the three concepts for both the construction industry and the environment.

BIM, or Building Information Modeling, is emerging as a new paradigm in the construction industry, enabling a comprehensive visualization of buildings and contributing to a multidisciplinary approach with a greater degree of detail for project design and execution. As described by Eastman et al. [1], BIM "generates a database containing both topological information and the necessary inputs for budgeting, energy calculations, and forecasting of inputs and actions throughout all phases of construction." This allows for the management of the variables that make up a project. This brings, among other benefits, improved quality, avoiding design compatibility errors and waste, greater interaction among stakeholders, improved logistical management, and expanded possibilities for analyzing planning and monitoring the physical progress of the project [2]. Nunes [3] emphasizes that, because it is a resource shared by different software programs, BIM allows for the anticipation of potential conflicts that may arise during construction, an important factor in decision-making.

Regarding Lean Construction, Rantin [4] emphasizes that "it is based on mitigating all types of waste through the use of a value stream at all stages of the construction process." Flow activities are highly relevant in Lean Construction and are designed to optimize worker travel time at construction sites and material waiting times for tasks, reducing rework and increased inspections [5], with a focus on continuous process improvement and cost reduction.

Green Construction principles aim to reduce the environmental impact of the construction industry through the development of sustainable projects and the use of sustainable materials. Concerns about the environment, the inadequate use of natural resources, water scarcity, and the improper disposal of construction waste have led to discussions about how to build more sustainably, also contributing to meeting the Sustainable Development Goals (SDGs) created by the UN (United Nations).

As described by Brasil et al. [6], the production of sustainable buildings involves challenges such as financial investment and knowledge for the integration of rainwater harvesting technologies and the use of renewable energy, for example. The authors also emphasize that the climate and topography of the terrain where the building will be constructed must be considered, as well as the choice of sustainable materials. Furthermore, it is essential to analyze the building's life cycle, considering the use of local labor and the suppliers' commitment to the quality and durability of the materials [6].
Sustainable buildings (Green Construction) allow flexibility and adaptability, reduce carbon emissions and help mitigate the effects of climate change [7].
To achieve sustainable construction, energy efficiency and a reduction in water consumption are necessary, as well as the use of sustainable materials, which implies the elimination of waste, which is in accordance with the Lean concept and with the quality in the elaboration, planning and control of projects, obtained with the application of the BIM methodology [8].
The importance of this topic lies in the interest in promoting Green concept practices, which bring solutions to the challenge of reducing the environmental, economic and social impact caused by constructions, optimizing processes in search of continuous improvement, through Lean concepts, visualized and monitored through BIM.
2. METHODOLOGY

Regarding the procedure, this research was a literature review, through consultation of articles, monographs, dissertations, theses, and books. 
Google Scholar and SciELO (Scientific Electronic Library Online) were used for the searches, as well as scientific journals and conference publications. 
The research approach was qualitative, subjectively analyzing the information and discussions on the topic, based on the content obtained in the literature review.

In terms of its objective, this study is classified as descriptive research, as it outlines the characteristics of the concepts under investigation and explores the interactions among them. 
The selected keywords for the study include lean construction, building information modeling (BIM), sustainable construction, civil engineering, construction waste, and the environment.

To support the research, related publications from the period between 2011 and 2024 were used, with a particular focus on studies from the past five years. 
The methodological procedure adopted in the research can be seen in Figure 1.
Figure 1. Methodological Procedure
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Table 1 shows the main authors and the respective works selected to obtain the data presented in the results and discussions on the BIM-Leen-Green integration.

Table 1. Main authors and selected works
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Source: Author
Following the selection and extraction of data, the results were developed, along with discussions on the topic addressed in the article.

3. RESULTS AND DISCUSSION

The research highlights the relationships between certain BIM functionalities and Lean and Green principles, reinforcing the potential for integration.

Dantas Filho, Cândido, and Barros Neto [9] emphasize the conceptual integration of BIM, Lean, and Green Construction within the construction process by identifying key points of interaction, as illustrated in Figure 2 below.

Figure 2. Vens diagram highlighting predominant areas of connection.

[image: image4.png]) SELECTION OF

DEFINITION OF RESEARCH BASE
KEYWORDS GOOGLE SCHOLAR,
SCIELO. ETC.
LITERATURE SELECTION OF
REVIEW ACADEMIC WORKS

DATA EXTRACTION
AND PREPARATION OF
RESULTS





Source: Adapted from Dantas Filho; Cândido; Barros Neto [9]
The points of interaction are as follows: “Lean Construction influencing design and construction processes; BIM impacting the technology used in design and construction development; and Green Construction affecting design and construction regulations” [9].
It becomes evident that planning and execution using BIM and Lean methodologies are essential to achieving sustainability, as regulated by the principles of Green Construction.
Jereissati et al. [8] summarize in Figure 3 the nine essential steps to ensure environmental quality.
Figure 3. Essential steps toward sustainability.
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Source: Adapted from Jereissati et al. [8] 
The integration of Lean and Green principles goes beyond the economic perspective, encompassing environmental aspects—focusing on waste minimization and the conscious use of natural resources—and social aspects, such as accident reduction, improvements in the occupational environment, and stakeholder satisfaction [10].
Bravo et al. [10] also present a Correlation Matrix (Table 1), based on studies exploring the relationship between Lean and Green Construction principles and the functionalities of Building Information Modeling (BIM). The integration of Lean and Green principles practices “encompasses not only the economic point of view, but also the environmental one, with a focus on minimizing waste and conscious use of natural resources, and the social one with the reduction of accidents, improvements in the occupational environment and satisfaction of interested parties” [10].
Bravo et al. [10] also highlight a Correlation Matrix (Table 2) based on studies on the relationship between the principles of Lean and Sustainable (Green) Construction with the functionalities of Building Information Modeling (BIM).
Table 2. Correlation Matrix – Lean, Green e BIM
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Source: Adapted from Bravo et al. [10]
The matrix, represented by a color scale, shows that there is a greater correlation between Lean/Green principles and BIM functionalities when the colors are closer to green, with colors closer to red indicating a lower correlation. The numbers represent the number of times each principle and functionality appeared in the studies conducted by Bravo et al. [10].
It can be seen in the matrix that functionalities such as “Form visualization”, “Fast/automated project generation” and “Rapid generation and evaluation of several construction plan alternatives” are the ones that are most correlated with the Lean and Green principles [10].
However, according to Bravo et al. [10] “few articles present the implementation of Lean and Green Construction tools with the use of BIM to reduce production batches, ensure safety in the work environment and optimize human resources”.

In Rantin's view [4], the correlation between “Variability reduction” (Lean principle) and “Visualization form” (BIM) is responsible for mitigating rework and waste, since the reduction of variability and disagreements with the project is possible when there is an initial assessment of the project as a whole, avoiding changes during execution.

“Waste reduction” and “Material resources optimization” (Lean principles) associated with “Visualization form” (BIM) are also examples of integration that bring quality and sustainability to construction.

Rodrigues [2] highlights, in his research, the integration of 4D BIM with LPS (Last Planner System), a planning model based on lean construction principles. Planning involves a series of factors, such as resource allocation for work execution, removal of constraints, and a large amount of information for decision-making in production management. The benefits of integrating 4D BIM and Last Planner can be seen in Table 3 below.

Table 3. Benefits of BIM 4D & Last Planner integration
	Benefits of integrating the BIM model into the Last Planner System

	Bringing closer and improving communication between the planning, production, projects and supply departments.

	Visual management through colors has proven to be quite attractive to users, making it easier to interpret the information verified.


	Features added to Revit software, capable of promoting visual management of lookahead planning, automatically checking restrictions related to labor, materials, and project specifications.


	The information necessary for the LPS logic was gathered in a single database, promoting interaction between departments and stakeholders.



	By issuing visual alerts with different colors for sections with unrestricted tasks and for sections with restrictions, it became possible to generate a bank of tasks that could be included in short-term planning.


	Management of the information that needed to be linked to each geometric element of the model and identification in an analytical project structure, as well as the specific input needs related to each production planning service.




Source: Adapted from Rodrigues [2].
The result of the BIM & Lean integration, as can be seen in table 3, according to Rodrigues [2], “generated a more efficient medium and short-term planning and control system”, bringing benefits such as increased productivity and greater control in the execution of services, reducing rework and waste and allowing an early visualization of possible interferences, contributing significantly to a more efficient management of resources.

The use of modeling to analyze the energy and environmental performance of buildings contributes to the choice of more sustainable materials and construction systems, which meets the principles proposed by sustainable construction (Green), making decisions related to projects, planning and execution more assertive, optimizing the life cycle of buildings, minimizing failures, extending the useful life of systems and contributing to sustainability.

Furthermore, the BIM methodology improves communication between the various departments involved in construction, allowing for greater transparency in processes and decisions.

4. CONCLUSION

This study made it possible to understand that the integration of BIM technological tools and Lean and Green Construction practices can contribute to the sustainability and efficiency of construction processes, reduce construction time and, consequently, costs, in addition to ensuring the final quality of the product.

Finally, it is worth noting that the topics presented remain underexplored and under-implemented in Brazil, despite their proven effectiveness in other countries. To change this scenario, further research is needed to provide the construction sector with more information and insights into this integration. Most of the articles reviewed refer to integrations as "BIM-Lean," "BIM-Green," or "Lean-Green," thus necessitating a deeper understanding of the interaction between these three themes.
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