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Abstract: Over the last decade, the construction industry has suffered from various issues affecting
the planning processes, team management, and decision-making during the design phase. Today, the
concepts of Lean construction and Building Information Modeling (BIM) overlap and bring solutions
to all phases of a construction project. Numerous studies have shown that leveraging BIM data
through Lean principles can significantly improve the overall management of a project. However,
the literature is still limited to optimizing the design phase to anticipate any deviation before the
start of the work. This article aims to provide an updated review of the interaction between BIM
and Lean in the design phase. The study is based on a systematic review of 61 articles selected using
the Systematic Literature Review (SLR) approach. The obtained results allowed for the analysis of
different Lean methods and tools that interact with BIM. Digitizing these methods and using them
together is necessary to facilitate their application in a construction project. Finally, our study provides
recommendations for researchers and professionals by identifying future scientific challenges.

Keywords: Building Information Modeling; Lean; design phase; LPS; SBD; TVD; VDC; IPD; Big
Room; construction project

1. Introduction

The construction sector has been experiencing a decline in productivity compared to
the manufacturing industry for years [1]. It seems that it suffers from workflow optimiza-
tion problems and a lack of technological advances [2]. Construction projects are becoming
increasingly complex and demanding in terms of cost, time, quality, and environmental
impact [3]. To achieve these objectives, it is important to find an effective combination of
these different aspects, and provide professionals with the necessary methods and tools
adapted to each stage of the building’s life cycle. However, high competition, project
complexity, and tight deadlines exacerbate these difficulties.

As a result, new paradigms have emerged in the industry to promote collaborative
work using the principles of Lean Construction and BIM functionalities. These two ap-
proaches have been independently adopted for years and have been successful in improving
the performance of construction projects. Scientists have hypothesized that the synergy
between Lean Construction and BIM is very promising and will further optimize workflows
and create added value [4].

The design phase of a construction project is often characterized by a high level of
uncertainty due to inaccuracies in the instructions. While all phases of a construction project
can contribute to waste production, the primary cause is often linked to poor performance
during the design phase, which is then discovered during the execution phase [1]. This
phase makes a significant contribution to the quality of the project, which has a significant
impact on the project’s overall performance, with immediate effects on both the design and
construction phases [2]. In addition, during the design phase, poor team performance or
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inadequate design can lead to project delivery delays, due to the need for rework and cost
overruns. In fact, approximately 30% of the activities involved in a construction project
are reworked tasks [4]. Significant time and resources are required to rework a process or
activity that initially performed poorly, which can have a major impact on project planning
and budgeting [5–7]. Specifically, up to 12% of construction costs are wasted on reworking
defective components discovered late in the construction phase [8–10]. Effective application
of Lean and BIM principles during the design phase can result in considerable savings for
the project [11]. The association of Lean and BIM has recently generated a lot of interest
towards the objective of optimization. This is because several lean tools and methods can
address the issues faced in BIM projects, such as communication, project management,
instructions, and skills [12]. The information present in a BIM model helps in controlling
costs, meeting deadlines, and reducing the project’s impact throughout its entire life cycle,
which is particularly important in a fragmented industry. Lean management provides a
strong foundation for the correct implementation and use of information from the digital
model through its simple-to-implement tools.

Lean production processes and principles were created by Toyota, and then imple-
mented in the construction industry during the 1990s [13]. Lean construction focuses on
reducing waste, generating value, and continuous improvement by using the minimum
resources that can lead to more valuable products [1]. Several researchers have explored its
efficiency in the design stage, and they have found positive results in terms of reducing
design variations at later phases. Adopting a lean approach to design process management
takes into account three different facets: improving both value generation and waste re-
duction, transforming inputs into outputs, and ensuring accurate and timely information
flow [14].

Lean construction shares many similarities with BIM, as both aim to optimize con-
struction projects. BIM was introduced as a solution to inefficient construction projects,
and was gradually adopted by the Architecture, Engineering, and Construction industry
(AEC) in the mid-2000s [15,16]. Furthermore, it has been demonstrated for years that
the appropriate implementation of BIM can significantly improve construction project
performance and productivity. BIM is a project life cycle process that utilizes digital models
of construction, or building information management, to virtually simulate the physical,
functional, and task-related attributes of the project. Additionally, BIM enables the defini-
tion of equipment and material needs for each phase of the project. BIM technologies also
assist the design team in detecting errors using digital models, thus avoiding conflicts and
identifying clashes and interference during the design and construction phases [17]. These
technologies have been shown to save up to 10% of the contract value [18]. In fact, BIM
has been proven to reduce specific work-flow, reworks, document errors, and omissions
by 48%, 39%, and 52%, respectively [4,19]. Furthermore, it facilitates the integration of the
design and execution process to deliver better quality work on time and at a lower cost [20].

Lean and BIM are increasingly popular in both research and practice. Recent studies
suggest that integrating BIM and Lean construction can result in a more effective and
practical waste reduction approach [21,22]. The synergy between Lean and BIM is crucial in
all project phases, particularly in the design phase, where changes cost relatively less com-
pared to future phases, and decision-making significantly impacts subsequent stages [23].
Several Lean methods or techniques have been implemented with BIM in the design phase,
such as the Last Planner System (LPS), Big Room, Set-Based Design (SBD), and Target
Value Design (TVD) [24]. These methods have been efficient in reducing waste during
construction phases, but there are always limitations to achieving optimal performance.

While several studies have focused on the interaction between Lean principles and
BIM functionalities, few have incorporated Lean methods and techniques with BIM to
enhance project performance during the design phase. Poor planning and decision-making
during this phase can have a negative impact on the entire project life cycle, resulting in
wasted time and high costs. Therefore, we conducted an extensive bibliographic study to
identify the best Lean tools and methods that can be applied in tandem with BIM to improve
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performance during the design phase. This study analyzed techniques and methods that
enhance the implementation of Lean and BIM in the design phase of construction projects.

This paper is structured as follows: the first section describes the research topic and
scope. It gives an overview of Lean and BIM in the construction industry, particularly in
the design phase. Section 2 explains in depth the research methodology used, which is
the SLR applied in this study. Section 3 presents the synthesis of the findings, focusing on
the influences of Lean/BIM interactions in the design phase. It introduces Lean methods
and tools implemented with BIM, and discusses their role, benefits, and limitations in
the design stage. The fourth section discusses the results and their possible implications
for practice in implementing Lean techniques using BIM. Finally, Section 5 contains the
conclusion, where the main findings and implications of the study are summarized.

2. Systematic Literature Review Methodology

In order to conduct a comprehensive literature review, we employed the method-
ology of SLR in our study, rigorously following the most commonly used SLR steps in
bibliographic studies [25–27]. The purpose of this manuscript was to thoroughly examine
the existing literature in order to highlight the knowledge of the synergy between BIM
and Lean during the design phase of a construction project. To achieve this, we identified
relevant documents using specific keywords and then applied inclusion and exclusion
criteria [28]. The review begins by addressing the following research questions:

• Q1: How can BIM and Lean interact effectively in the design phase?
• Q2: What techniques are used to achieve BIM/Lean interactions in the design phase?

In order to elaborate our research protocol, we followed several steps. These steps are
described as follows: (1) We identified a set of keywords relevant to our case study that
would be used in the research procedure; (2) We conducted a search string using web search
engines, such as Google Scholar and Scopus databases, taking into account synonyms and
abbreviations to ensure a more reliable result; (3) We used specific operators to improve
the search system, including adding date range, document types, using keywords with
AND, OR, and ALINTITLE (all keywords mentioned in the article’s title), and source types
to acquire high-quality and up-to-date papers; (4) We eliminated duplicated documents;
(5) We evaluated the remaining article and conference papers by reading their titles and
abstracts to determine whether they addressed our research question and met our inclusion
and exclusion criteria; and (6) We extracted useful information from the filtered documents
required for our research topic [4].

Figure 1 depicts the process of applying SLR methods. In the first step of our research
procedure, we conducted a literature search for articles using relevant keywords and search
strings. To ensure more accurate results, we took into account keyword abbreviations and
synonyms, as described in Table 1.
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Table 1. Literature search keywords and strings.

Operators Keywords Search Strings

• Allintitle
• OR
• AND

“Building Information Modelling”;
Modeling”; “BIM”; “LPS”; “Last Planner

System”; “Design”; “Lean”; “VDC”;
“Virtual Design and Construction”;
“SBD”; “Set-Based Design”; “IPD”;

“Integrated Project Delivery”.

•Allintitle: (“Building Information Modelling” OR
“Building Information Modeling” OR “BIM”) AND “Lean”

AND “Design”.
•Allintitle: (“Building Information Modelling” OR

“Building Information Modeling” OR “BIM”) AND (“LPS”
OR “Last Planner System”).

•Allintitle: (“Building Information Modelling” OR
“Building Information Modeling” OR “BIM”) AND (“SBD”

OR “Set-Based Design”).
•Allintitle: (“Building Information Modelling” OR

“Building Information Modeling” OR “BIM”) AND (“VDC”
OR “Virtual Design and Construction”) AND “LEAN”.
•Allintitle: (“Building Information Modelling” OR

“Building Information Modeling” OR “BIM”) AND (“IPD”
OR “Integrated Project Delivery”) AND “LEAN”.

After conducting the literature search through web search engines (Google Scholar
and Scopus databases), 131 publications were identified. Initial relevance was assessed
by examining the titles of each paper, and those deemed potentially relevant were further
evaluated through several iterations. To ensure the review included recent literature, only
publications between 2012 and 2022 were selected [29], which allowed us to retrieve and
synthesize information from the past 10 years. Inclusion and exclusion criteria were then
applied to the remaining publications by carefully reading the abstracts to determine their
relevance to our research goal. Theses, books, summaries, editorials, and other document
types were eliminated, leaving only articles and conference papers. Duplicates were
removed, and non-English language papers were excluded. After this process, we were left
with 44 papers. In addition, by using both the backward and forward search techniques, we
employed two complementary approaches to identify relevant studies for inclusion in the
review. In the backward search, we searched for studies that had already been published
and cited in the references of potential candidates for the review, while in the forward
search, we identified studies that had cited the studies being considered for inclusion in
the review. As a result, we were able to identify and include 17 relevant articles to our
research. This approach helped us reduce the likelihood of missing any important studies
that could impact the findings of the review. In total, we included 61 papers from journals
and conferences in our review [29].

Figure 2 displays the distribution of publications by country and year for the docu-
ments that were gathered through our research in the last 10 years, focusing on the fields of
lean and BIM. We excluded any documents obtained through the backward and forward
techniques, as they may be outdated (from the 2000s) or may cover different keywords
and fields, but they may still contain valuable information that could benefit our search.
The publications are related to the integration of lean methods and techniques into BIM
during the design phase of a construction project. The United States is the country with the
highest number of contributions, followed by the United Kingdom, with eleven and eight
published papers, respectively. Moreover, it appears that the United States has published
the most studies on integrating Lean and BIM during the design phase of a construction
project. This can be attributed to several factors, such as the maturity of its construction
industry, a highly regulated framework that demands efficient processes, the availability of
technology, and a collaborative construction industry that promotes innovative practices.
The combination of these factors has made the United States an ideal environment for
researching and adopting Lean and BIM integration in construction projects.
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On the other hand, part (b) of the figure shows a lack of papers related to our research
topic before 2014. However, since then, several papers on various lean techniques integrated
with BIM during the design phase of a construction project have been published. On
average, approximately four papers per year were published between 2014 and 2022.

3. Results

In this section, an in-depth analysis was conducted on the articles acquired from
Section 2. The first subsection (Section 3.1) focuses on the interaction between Lean princi-
ples and BIM functionalities, and their resulting benefits. The second subsection (Section 3.2)
presents the application of Lean tools and other techniques to BIM, as well as their impact
on every aspect of the design phase.

3.1. Interaction between Lean Principles and BIM Functionalities

Recent studies indicate that there are synergies between Lean principles and BIM
functionalities that efficiently enhance construction projects’ performance [15]. To delve
deeper, Sacks identified 56 interactions between Lean/BIM that focus on the entire con-
struction project life cycle [30]. However, we focused in our study only on the possible
interaction in design phase. Table 2 below presents the main results from these matrices
that are relevant to this phase, and arise from the combination of the Lean principles
and BIM functionalities presented in Figure 3. In particular, these synergies give some
benefits to the design stage of construction by: reducing rework, decreasing the design
development life cycle, improving the predictability of investment, lifecycle time and cost
scheduling, increasing the number of iterations for value improvement, and enhancing
stakeholder engagement [6,31]. All of these can efficiently result a more economical, faster,
and smoother construction process [12].

Table 2. Lean/BIM interactions during the design phase.

Lean/BIM Synergy in the Design Phase References

Provide better and further information to all parties that, facilitate and support stakeholder’s decision-making [32]
Improve communication during the design stage by sharing models with the project team [30]

Rapid turnaround for performance evaluations and cost estimations allows multiple design options to be evaluated [33]
Design model coordination by integrating model viewers into a cooperative work environment allow design teams to bring

multidisciplinary skills and knowledge to bear in a parallel action. [34]

Applying performance criteria to the design ensures that it is suitable for the chosen task, improves the performance, and
reduces the variability of the final product [33]

Since all design aspects are presented in a 3D model, the customer can easily understand it. Requirements can be obtained and
reported in a comprehensive way during the design phase. [33,35]

Clash checking improves design quality and reduces rework in the field as a result of bad design. [32,33]
A multidisciplinary design inspection allows the early identification of design errors. [19,33]

Construction processes modeling in BIM 4 dimension provide a great benefit to visualize construction sequences for resolving
constructability problems, also determining resource conflicts in space and time. [36]
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3.2. Lean Methods and Other Techniques Applied to BIM

This section describes the process of implementing Lean/BIM during the design stage.
Several methods can be used to integrate Lean/BIM, including the Last Planner System
(LPS), Virtual Design and Construction (VDC), Integrated Project Delivery (IPD), Big Room,
Target Value Design (TVD), Set Based Design (SBD), and Choosing by Advantages (CBA).
However, each method has a significant impact on one or more parts of the design phase.
Figure 4 presents the main parts of the design phase with their various tasks, such as
planning and control, decision-making, and team management. By optimizing the tasks in
each part through the application of these methods with BIM, high-quality construction
project performance can be achieved.
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Therefore, after conducting a thorough analysis of the literature, we created Table 3 to
demonstrate the impact of each method and techniques on the different tasks in the design
phase. Moreover, several Lean techniques can complement each other by combining and
utilizing them simultaneously. For instance, using the LPS in the Integrated Concurrent
Engineering (ICE) session (part of VDC) can enhance the flow of information between the
design team [37]. Thus, Section 3.2.1 to Section 3.2.4 explain in detail how these methods
improve work in the design phase.

Table 3. Lean techniques applied in the design phase matrix.

Methods

Planning and Control Decision-Making Team Management

Synergies
Communication Design

Information Flow

Decision-
Making
Process

Problem
Solving

Team
Performance
Improvement

Project
Organization

IPD X X X X Big room, TVD and LPS

LPS X X X X Big Room, VDC, IPD,
SBD, CBA

VDC X X Big Room, LPS
SBD X X Big Room, LPS CBA, TVD

The Big Room X X X
CBA X X Big Room, SBD, LPS, TVD
TVD X X X Big Room, IPD, SBD, CBA

3.2.1. Planning and Control

Planning the design process is essential in the design phase of a construction project [38].
This phase often suffers from poor performance and negative outcomes, such as unclear
handoffs, a low volume of deliveries per week, lack of confidence in the allotted time to
carry out the design work, and poor communication between stakeholders, which can
result in the risk of not delivering tasks on schedule. However, applying Lean techniques
and methods can help resolve these issues [39]. Therefore, the LPS is a Lean method that
helps the design team to remedy uncertainties [40]. In addition, it reduces workflow vari-
ability and increases the reliability of task planning at the weekly work planning (WWP)
level by ensuring a firm commitment of resources by the last planners, and by refining
planned tasks to ensure their completion [41–43]. Moreover, LPS employs the pull system to
optimize the planning of construction processes [40]. Some recent studies have investigated
the potential benefits of implementing LPS with BIM technologies during the project design
phase. This has resulted in an improved planning process, as BIM technical capabilities
bring benefits to overall construction project efficiency and productivity [30,40]. The use
of BIM has also been responsible for increasing the reliability of task planning, improving
design workflow with WWP implementation, and finishing projects ahead of schedule.
Moreover, their interaction improves project team performance control and transparency,
which leads to a better understanding of the planned process [37,42,44,45].

3.2.2. Decision-Making

One of the most crucial processes during the design phase of a construction project is
decision-making. During this stage, it is crucial to make timely decisions while adhering
to the schedule to ensure a smooth workflow, and the decisions made should be of the
highest quality from the outset to minimize waste [38,46]. In addition, the key criteria for
decision-making during this phase are ensuring the project’s quality and staying within the
budget constraints [47]. To enhance the decision-making process during the design phase,
a Lean tool such as CBA can have a significant impact. This method involves comparing
the advantages of different alternatives and then assigning a degree of importance to
each feature, relative to the least preferred feature [48,49]. In addition, another Lean
technique that can improve decision-making is SBD. This approach enables the design
team to consider a wide range of alternatives throughout the design process, and delay
making a final decision until the last possible moment [50]. By doing so, the design team
can avoid prematurely committing to a suboptimal design and potentially missing out
on better options. Implementing SBD in construction projects has yielded promising
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results, including cost and time savings, and improved constructability [16]. Implementing
SBD in construction projects has presented strong results, as well as big opportunities for
improvements, including saving cost and time and increasing constructability [31]. Thus,
adopting SBD with BIM can lead to more comprehensive and optimal solutions during
advanced design processes. Recent research has investigated the implementation of SBD
with BIM through two case studies, which showed that BIM can improve the flexibility of
SBD by creating an environment that facilitates the integrated and systematic modeling of
different design options, while also improving collaboration and information sharing [50].
Furthermore, their interaction can lead to more efficient and intelligent evaluation and
the selection of a wide range of options, ultimately leading to the selection of the best
solution [51].

3.2.3. Team Management

Managing or creating a cohesive team is essential to the design phase. A well-
organized project is one where all parties work together cooperatively. Furthermore, a
good relationship based on trust and respect among stakeholders can add significant value
to the design phase [52]. In addition, integrating clients into the design phase by involving
them in meetings alongside designers and contractors can improve the decision-making
process, planning, control, and problem-solving capabilities of the team [38].

TVD is a critical Lean method that affects the team management phase by prioritizing
customer value as the driver of design, resulting in waste reduction and increased owner
satisfaction. The primary objective of TVD is to complete the project below market cost
while achieving the desired outcomes [53]. Evidence suggests that TVD can lead to the
completion of a project’s initial scope below market cost. Additionally, TVD enables
funds to be allocated across contractual and organizational boundaries to identify the best
investment at the project level. This approach applies all relevant design criteria to assess,
generate, and select product and process design options simultaneously [53].

Another method to enhance team management is through the implementation of a
Big Room. This approach fosters a highly collaborative environment among stakeholders,
where various designers work alongside each other in the same location. This results
in significant information sharing and facilitates effective communication between the
design team, leading to a reduction in the overall design duration for decision-making and
planning [12,54,55].

In addition to TVD and Big Room, VDC is a digital and collaborative approach focused
on the use of new technology related to Lean thinking with BIM. At Stanford University,
VDC was created by the Center for Integrated Facility Engineering (CIFE) [37,56]. VDC with
BIM can increase customer satisfaction through model visualization and clear expectations.
It can also enhance team collaboration, resulting in better project outcomes, improved
communication of project actions to owners, and better understanding of work scope
and schedules by subcontractors and dealers [57,58]. Additionally, VDC can measure
team performance and improve data sharing by allowing the design team to access the
right information at the right time. The success of VDC depends on the talent, mentality,
awareness, and organization of the team [59]. Several case studies have demonstrated the
importance of the VDC approach using BIM at the design stage of a construction project,
highlighting these features [37,59–61].

IPD is one of the most essential methods that can influence team management in the
design phase and provides an ideal platform for the interaction of Lean with BIM [31].
The American Institute of Architects (AIA) has presented IPD as a project delivery ap-
proach that integrates systems, stakeholders, business structures, and practices into a
process that optimizes efficiency and reduces waste collaboratively [62]. IPD involves all
multidisciplinary teams, increases collaboration in decision-making, provides a relational
contracting approach, and shares benefits and risks between all parties [31]. Several studies
demonstrate the importance of using IPD with BIM by highlighting their benefits for the
design phase.
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3.2.4. Tools Applied in the Design Phase

Based on the documents obtained in our research on Lean/BIM synergy, several tool
applications were used to facilitate the integration of the Lean method with BIM during
the design phase. Table 4 presents these tools and their impact on one or more parts of
this phase. Most studies focused on using tools to improve the planning and control zone,
particularly for the information flow part. Among the tools that were found to be useful
in improving information flow are dRofus®, Solibri®, Level of Development (LOD), and
Workplan software [4,63,64].

Table 4. Tools applied in the design phase matrix.

Tools

Planning and Control Decision-Making Team Management

Communication Design
Information Flow

Decision-Making
Process

Problem
Solving

Team
Performance
Improvement

Project
Organization

D-Rofus X
Solibri X
SNA X X
VE X

BDA X X X
Work Plan
software X X

LOD X
CSM X X

dRofus® and Solibri® are BIM-based tools that make it possible for different parts
and requirements of a product model to be communicated using the Industry Founda-
tion Classes (IFC) Open standard, to ensure that the design solution meets stakeholder
requirements, depending on construction project types [65]. dRofus® focuses on modeling
requirements that can be used to improve safety and indoor thermal comfort. On the other
hand, Solibri® can encode requirements into logical rules by using checking software, such
as Solibri Model Checker® [63]. Moreover, LOD is a tool that can be used to enhance BIM
from the perspective of Transformation, Flow, and Value (TFV), in order to manage the
design phase based on lean design management and TFV theory. It also facilitates the
integration of design workflows into BIM projects [64]. Workplan software improves the
LPS methodology by instructing the design team to check constraints, determine work
packages, release weekly work plans, and allocate resources. Additionally, it improves
communication among project stakeholders [4,66].

Social Network Analysis (SNA) is a tool that can enhance team performance and
communication within a team, particularly in team management. It is used in studies
of organizational behavior and in construction management to analyze the flow of com-
munication and information between all parties for better integration of the design team
and project management. By examining the relationships and interactions among team
members, SNA can identify potential areas for improvement and facilitate effective com-
munication and collaboration [67,68].

In addition, Big Data Analytics (BDA), Computer Simulation and Modeling (CSM),
and Value Engineering (VE) have an impact on the decision-making process in construc-
tion. CSM is a tool that enhances decision-making and problem-solving by helping the
design team to identify problems and provide suitable options with the lowest cost [69,70].
Furthermore, using BDA in conjunction with BIM can help to extract valuable insights
related to modular element design parameters, and to evaluate design solutions, building
maintenance, and performance. It is also a powerful tool that can improve team organiza-
tional performance [71]. VE is a tool that promotes function improvement or cost reduction
in Lean Management and enhances value for clients [71–73].
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4. Discussion

These lean techniques and methods play a crucial role in enhancing work performance
during the design phase, specifically in planning and control, decision-making, and team
management. The literature has indicated that the combination of these techniques with
BIM yields significant advantages for construction projects. Each method employs one
or more BIM functions to implement its features seamlessly and efficiently. For example,
LPS leverages BIM’s visualization capability to facilitate progress monitoring and animate
the schedule [4,74]. BIM has revolutionized the design phase of construction projects
by enabling greater collaboration and improved communication among the design team
members. Despite the significant benefits that BIM offers, we found a lack of research
that demonstrates the integration of specific lean methods and tools with BIM. Table 5
highlights some of the techniques that can be implemented through BIM. However, further
research is required to explore the full potential of these lean methods in combination with
BIM. Moreover, most of the literature found during our study consisted of case studies,
and there was a dearth of papers related to the design phase compared to other phases
of the construction project. To fully harness the potential of BIM and lean methods, more
studies are needed to examine how they can be integrated at every stage of the construction
project. However, we found that even methods that were not directly linked to BIM in the
literature were indirectly connected to it. For example, VDC utilizes BIM in the Big Room,
where collaboration between the design team and the visualization feature of BIM was
demonstrated. This suggests that there is potential for BIM to be used in conjunction with
various lean methods to further improve construction project outcomes.

Table 5. Interaction of techniques and methods with BIM.

Method and Techniques Articles with BIM Articles without BIM

IPD X
LPS X
VDC X
SBD X

The Big Room X
CBA X
TVD X

Despite the significant benefits that can be obtained from integrating BIM with these
methods, there are also limitations that hinder their application in construction projects.
Table 6 illustrates the restrictions of each method used with BIM during the design phase,
based on the available literature. The most common limitations identified for these tech-
niques include resistance to change, lack of knowledge on how to use BIM with them, and
insufficient application in real projects. In addition to these limitations, there may also
be challenges related to the implementation of BIM and lean methods in the construction
industry. For example, there may be issues related to data ownership, lack of standardiza-
tion, and the need for specialized software and training. Moreover, the integration of BIM
with lean methods may require significant changes in organizational culture and business
processes, which can be difficult to achieve.

Further limitations are included in Table 6. For example, when applying SBD to the
design phase, it can take a considerable amount of time to evaluate all possible alternatives.
This can hinder the completion of the design stage, which may delay the project schedule.
Similarly, the large amount of information in VDC can pose a challenge for designers in
terms of structuring and utilizing this information effectively.

In our opinion, one of the main factors that could help to address these limitations is
the digitization of these methods. By digitizing these approaches, it may be possible to
streamline the processes and enable their efficient implementation through BIM. Digiti-
zation could also help to automate certain tasks, such as data analysis and visualization,
which may save time and improve accuracy. Furthermore, by digitizing these methods and
integrating them with BIM, it may be possible to generate new insights and information
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that would not be possible through traditional methods. For example, BIM can be used to
analyze building performance data in real-time, which can inform design decisions and
lead to improved building efficiency. Therefore, we believe that digitization is an essential
factor in realizing the full potential of these lean methods in combination with BIM. By
embracing digital technologies, the construction industry can move towards more efficient,
sustainable, and collaborative project delivery. In addition, to overcome these limitations
and challenges, it is crucial to increase awareness and education on the benefits of BIM and
lean methods in construction projects. This can include providing training and support
to industry professionals and promoting the use of standardized processes and tools. It is
also important to continue research and development in this area to identify and address
any remaining barriers to the adoption of BIM and lean methods in construction projects.

Table 6. Limitations of applying these techniques with BIM during the design phase.

Limitations

LPS SBD VDC IPD

• There is a lack of application
in real case projects.

• Designers have generally
shown resistance to
adopting the LPS in the
design phase.

• The design phase should be
completed quickly.

• Integrating the customer in
the design phase prevents
designers from testing the
greatest number of concepts.

• There is a lack of
case studies.

• It is difficult to structure the
information.

• There is difficulty in
developing an evaluation
index, such as the
performance indicator.

• In practice, the classification
system is not easy to use.

• There is a need for a
systematic framework
driven by AEC industry and
government agencies to
adopt IPD and BIM in the
design phase.

• There is a lack of knowledge,
software interoperability,
training, and advancement.

• The skill and quality level of
stakeholders in the AEC
industry need to
be increased.

On the other hand, in order to achieve optimal performance during the design stage,
companies should implement these methods together. Figure 5 illustrates how all parties
involved in the design phase of a construction project collaborate in a shared space where
information is exchanged. This space is called the Big Room, and on its walls, LPS is used
to plan tasks and create schedules. In addition, two screens display a BIM that enables
3D visualization of the building to enhance the information flow, planning process, and
decision-making. The VDC process, which relies on technologies such as BIM, has applied
one of its principles called ICE where all design teams were involved, well-prepared, and
had clear goals. In addition, SBD and CBA can be applied in this room, where teams are
empowered to collaboratively choose the best solution from all possible alternatives, while
being well-organized and improved through the application of IPD and TVD. Another
example of combining multiple methods in a construction project is the integration of SBD,
CBA, and LPS. In the design phase, the team can start by utilizing set-based design to
develop various design options and engaging all stakeholders, such as architects, engineers,
contractors, and owners. Next, the team can employ CBA to assess each design option
against specific criteria that reflect project objectives, budget, schedule, and regulatory or
environmental requirements. Upon selecting the most suitable design option through CBA,
the team can use LPS to create a comprehensive construction plan, including schedule,
budget, resource allocation, and strategies for risk and constraint mitigation. Throughout
the design phase, the team can use LPS to track progress and ensure the project is on track,
with consistent communication and collaboration among all stakeholders to identify and
address any issues that arise. By integrating these methods, the team can optimize the
design and construction process, enhance communication and collaboration, and deliver a
successful project that meets project objectives.
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In our opinion, there needs to be a focus on automating the LPS, which plays an essen-
tial role in the planning part and controls the progress of tasks in the design phase. This
collaborative planning method focuses on reducing data variability, controlling workflows,
and fostering collaboration in planning. Its effectiveness can be significantly enhanced by
integrating it with BIM, particularly in the 3D visualization of elements. Moreover, automat-
ing LPS will facilitate the implementation of other methods by scheduling the process and
providing the required information, thus optimizing the workflow for their application.

5. Conclusions and Future Research Directions

In this article, we conducted a comprehensive literature review on the interaction
of Lean and BIM in the design phase. A structured research methodology was used to
identify Lean tools and methods that can be deployed with BIM to optimize the design
phase. Analysis of the results allowed us to identify improvements that can be made in
the areas of planning and control, decision-making, and team management. During these
stages, design teams could use one or more Lean methods with the features of the BIM
model to reveal non-value-added activities and improve the construction process. The idea
is to move from a logic of designing before testing to a logic of testing before designing.
In Lean design, anticipating all phases becomes necessary. The decisions made must take
into account, among other things, the management of changes requested by the client,
the operation of the structure, construction methods, supply chain configuration, and
commercial agreement structure. Despite the promising results highlighted by researchers,
limitations still hinder the use of Lean and BIM by designers, preventing them from
reaching their full potential. These limitations could encourage scientists to conduct further
research to develop optimization solutions. Experimentation with these solutions through
real projects is essential to validate or improve them.
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Abbreviations

The following abbreviations are used in this manuscript:
LPS Last Planner® System
VDC Virtual Design and Construction
IPD Integrated Project Delivery
SBD Set-Based Design
TVD Target Value Design
ICE Integrated Concurrent Engineering
BIM Building Information Modeling
LOD Level Of Development
VE Value Engineering
CSM Computer Simulation and Modeling
SLR Systematic Literature Review
AEC Architecture, Engineering and Construction
CBA Choosing By Advantages
WWP Weekly Work Planning
CIFE Center for Integrated Facility Engineering
TFV Transformation, Flow and Value
SNA Social Network Analysis
BDA Big Data Analytics
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