
Integration of Building Information Modeling (BIM) and Lean Construction Methods: A 

Pathway to Improved Project Delivery 

Elaf Dheyaa Abdulridha AL-Zubaidi* , Zaid Ali Kadhim AlZaidi

Roads and Transportation Engineering Department, College of Engineering, University of Al-Qadisiyah, Al-Diwaniyah 58001, 

Iraq 

Corresponding Author Email: elaf.alzubaidi@qu.edu.iq

Copyright: ©2025 The authors. This article is published by IIETA and is licensed under the CC BY 4.0 license 

(http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.18280/jesa.580312 ABSTRACT 

Received: 11 February 2025 

Revised: 15 March 2025 

Accepted: 24 March 2025 

Available online: 31 March 2025 

Generally, issues persist in the construction industry due to inefficiency, cost overrun, 

schedule delay, and massive wastes that are factors promoting poor performance. Most 

current project management practices are plagued with fragmentation, insufficient 

coordination, or real-time information sharing, resulting in reworks or misallocation of 

resources. In addressing these issues, this work, therefore, probes how the integrated of 

Building Information Modeling (BIM) and Lean Construction (LC) as a combined 

approach may help in enhancing project efficiency, reducing the cost, and improving 

sustainability. The main goal of the work is to analyze what role BIM plays in enhancing 

construction project management, then to investigate the impact of Lean Construction 

(LC) on waste reduction and workflow optimization, and finally to assess the benefits and 

challenges of integrating both methodologies. Through the Delphi study and comparative 

analysis, it has been identified that the integration of BIM and LC in projects improves 

project efficiency by 25-35%, reduces project costs by 18-27%, and minimizes material 

waste by 30-40%, with a resultant increase in workflow efficiency by 20-25%. Despite 

these identified benefits, some key barriers exist, such as high initial implementation costs, 

resistance to change, and extensive training. The study concluded that structured training 

programs, improved software interoperability, and industry-wide collaboration facilitate 

the successful adoption of BIM-Lean integration. These results underpin BIM and LC 

methodologies as future transformers to affect more sustainable, cost-effective, and 

efficient construction project delivery. 
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1. INTRODUCTION

This industry is very crucial to economic development, yet 

for quite a long period, the industry has been characterized by 

inefficiencies, cost overruns, and schedule delays. Traditional 

methods of managing a construction project are usually 

fragmented, uncoordinated among stakeholders, involve 

ineffective information sharing that results in frequent reworks, 

and waste of resources [1]. Among the major challenges in 

conventional construction management, wastes include 

material waste, inefficiency in utilization of time, and labor 

exploitation. Analysis has shown that up to 30% of 

construction costs are accounted for by processes related to 

inefficiency, rework, and delays [2]. Furthermore, poor 

planning, miscommunication, and lack of real-time data 

sharing worsen project failures, reducing overall productivity 

in the industry [3]. In this, BIM has emerged as a digital 

technology that is transforming collaboration, project 

visualization, and efficiency gains in the field of construction. 

It is a process based on 3D models, which integrates project 

information in a digital environment, allowing stakeholders to 

collaborate in real time and make better decisions in every 

phase of the project cycle [4]. BIM offers project teams a 

centralized and intelligent model that is able to find clashes 

earlier in projects, provide scheduling optimization, and 

enhance interdisciplinary coordination. There is evidence that 

BIM adoption reduces rework, improves project performance, 

and enhances cost control [5]. By allowing simulations of 

construction events well before they actually take place, BIM 

reduces uncertainties and enhances project predictability. 

Complementing the trend of digital solution adoption has been 

the development of Lean Construction as a methodology 

focused on processes for minimizing waste and maximizing 

value in construction projects. Lean Construction, emanating 

from Lean Manufacturing, is based on the principles of 

continuous improvement, workflow efficiency, and waste 

reduction [6]. Lean Construction basically focuses on offering 

the highest value to clients using minimum superfluous 

resources. Major Lean principles are Just-in-Time material 

delivery, pull planning, last planner system, and value stream 

mapping that help smooth the processes and enhance project 

flow [7]. While traditional construction methods often 

sacrifice efficiency for speed, Lean Construction aims to 

balance speed with precision, making sure everything in a 

project serves the cause of value creation. Due to the potential 

benefits from both, there has been an increasing trend toward 

integrating BIM and Lean Construction for better outcomes in 

construction projects. BIM coupled with Lean Construction 
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empowers the profession with data-driven insights into 

visualization, combined with process optimization strategies 

from Lean Construction, thereby assuring enhanced efficiency, 

cost economy, and sustainability in project execution [8]. BIM 

supports Lean principles by facilitating real-time information 

exchange, enabling stakeholders to plan and optimize 

workflows more effectively. A few studies have indicated that 

integration of BIM with Lean results in improved 

communication, reduced project risks, and reduction in 

construction time [9]. This has influenced many professionals 

and researchers to begin exploring how this synergy between 

BIM and Lean Construction can alter the construction industry 

and improve the overall delivery of projects [10]. 

Figure 1. Development of a BIM-Integrated Lean Construction (BIL) maturity framework using Delphi study 

The BIM-LC Maturity Framework in Figure 1 introduces a 

logically organized structure to systematically assess and 

improve construction practices by embedding Lean 

Construction (LC) principles that can be viewed as being 

positioned within the BIM-LC Maturity Framework (see 

Figure 1). This framework starts from the idea that appliqueing 

LC principles into BIM and IPD approaches in a structural 

manner can enhance efficiency gain and waste reduction. As 

part of this, our hypothesis is based on an extensive literature 

research, which contains a summary of current maturity 

models (MM). The work adopts the LC principles of Koskela 

and Diekmann focusing on five main attributes—customer 

orientation, culture and people, workplace uniformity, waste 

reduction, as well as incessant enhancement—along with 26 

sub-attributes that elaborate on how they are to be practiced. 

In order to clarify this hypothesis, a Delphi method has been 

employed based on a methodological framework to provide 

stronger reliability and rigor [11]. We chose the expert panel 

according to specifically defined criteria — for example, a 

minimum of ten years of experience in lean construction, BIM 

deployment, or project management within the construction 

industry. The selection process provided for a fair 

representation of academics and industry professionals to offer 

theoretical and practical knowledge [12]. Two iterative rounds 

of the Delphi study were performed using structured 

questionnaires to identify and prioritise the proposed LC 

attributes in the BIM maturity framework. The clarity, 

relevance, and applicability of each attribute was assessed by 

participants and attributes were iteratively modified, based on 

consensus driven responses [13, 14]. To quantify inter-rater 

agreement between experts, the study [15] was calculated, 

with the use of coefficient of concordance (W), W = 0.858, 

which reflects a high level of consensus. Consensus was 

operationalized as the combination of statistical measures and 

qualitative feedback to have validated attributes, with mean 

scores of ≥4 on a 5-point Likert scale and low standard 

deviation (≤1.0). Attributes that did not meet the consensus 

threshold were amended and reassessed in later rounds. BIM-

LC Maturity Framework Final — This study integrates and 

validates LC features in the key BIM/LCD maturity 

dimensions to provide the practicability of the proposed 

framework. With an agile approach, the framework can allow 

for flexible outflow of resources, optimized supply chain, and 

involved leaders at every level of the organization. It includes 

operational aspects like visual management, 5S 

implementation, real-time BIM model updates, in addition, it 

tackles vital methods for waste elimination, such as reducing 

defects, transportation efficiency, and error-proofing 
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processes. CRF: Retrieves information about the performance 

metrics relating to the key performance indicators (e.g., 

response to defects, implementation of PDCA) used to ensure 

monitoring and improvement of BIM-LC (Building 

Information Modeling for life cycle) maturity. In short, Lean-

BIM Integration Framework presented here offers a solid 

framework for assessing and improving the capabilities of the 

BIM process while firming up the principles of Lean 

Construction in practice [15, 16]. 

1.1 Research question or hypothesis 

Although BIM and Lean Construction have obvious 

advantages, there is still a need for extensive research into how 

their integration affects project delivery. While both BIM and 

Lean Construction have been studied in depth as separate 

methodologies, not as many studies have investigated their 

combined effect on the performance metrics of construction 

projects in cost, schedule adherence, waste reduction, and 

overall efficiency. This paper, therefore, attempts to answer 

the following research question: 

How does the integration of BIM and Lean Construction 

improve project delivery in the construction industry? 

Based on literature review and conceptual framework, it is 

hypothesized that: 

H1: Integration of BIM and Lean Construction helps to 

enhance project efficiency, reduces waste, and provides better 

cost value by promoting better collaboration, real-time data 

access, and workflow optimization. 

This hypothesis is grounded on the idea that BIM enhances 

Lean Construction in terms of real-time information, 

communication, better planning, and decision-making for 

more effective project execution. 

1.2 Importance of study 

The construction industry is under growing pressure to 

enhance project delivery performance, especially with regard 

to cost efficiency, reduction of waste, and sustainability. It is 

suggested by research that most construction projects are 

suffering from delays and cost overruns due to poor 

coordination, real-time information losses, and inefficient 

processes [17]. It is, therefore, against this background that the 

exploration of new methodologies that can enhance project 

efficiency and overall industrial performance becomes critical. 

The importance of this study relies on underlining how 

crucial both BIM and Lean Construction may be to developing 

an improved rate of success pertaining to construction projects. 

Coupling digital visualization with simulation provided 

through BIM together with waste minimization and 

optimization of processes provided by Lean shall markedly 

introduce efficiency and sustainability in the construction 

industry. The results will be useful for construction 

professionals, project managers, and policymakers interested 

in improving decision-making and resource management 

through digital transformation and Lean principles [18]. This 

research also contributes to the ongoing debate on sustainable 

and economically viable construction. The construction 

industry is a great consumer of materials and accounts for a 

substantial percentage of global carbon emissions, hence the 

concern for sustainability [19]. The research published here, 

promoting BIM-Lean integration, therefore gives insight into 

how the industry can be more sustainable and decrease the 

environmental impact while increasing quality in projects 

generally. Also, the study has offered practical 

recommendations that could be taken by a firm to implement 

BIM and lean methodologies that will ensure the maximum 

benefits for integration among different scales and types of 

projects. 

1.3 Objectives 

The general objective of the study will be to establish how 

BIM and Lean Construction integrate in bringing about project 

delivery. Precisely, the research will seek to achieve the 

following specific objectives: 

1. To analyze the role of BIM in improving construction

project management

o Investigating how BIM contributes to better

collaboration, visualization, and data management.

o Examining how BIM enhances workflow efficiency

and project coordination.

2. To investigate the impact of Lean Construction on project

performance

o Exploring how Lean principles contribute to waste

reduction, process optimization, and efficiency

improvement.

o Identifying key Lean tools and techniques that can be

effectively applied to construction projects.

3. To explore the benefits and challenges of integrating both

methodologies

o Assessing the synergistic effects of BIM-Lean

integration on project outcomes.

o Identifying potential challenges and barriers to

implementation, such as technological limitations,

resistance to change, and training requirements.

4. To provide recommendations for successful BIM-Lean

implementation

o Offering practical strategies for integrating BIM and

Lean principles in real-world construction projects.

o Highlighting industry best practices and case studies

that demonstrate the successful adoption of BIM-Lean

approaches.

Addressing these objectives, the study intends to contribute 

to the growing knowledge base in the area of construction 

project management innovations and provide an insight that 

could be useful to industry stakeholders in adopting more 

effective and sustainable project delivery strategies. 

2. LITERATURE REVIEW

2.1 Overview of relevant research 

The construction industry is at its paradigm shift because of 

the dire need for more efficient, cost-effective, and sustainable 

projects. Traditional construction management practices have 

widely been criticized due to their inherent inefficiencies, 

fragmented workflows, design inconsistencies, and excessive 

material waste that contribute to project delays and financial 

losses. These systemic problems created an urgent need for 

new methodologies that could optimize resource utilization, 

enhance interdisciplinary coordination, and reduce risk factors 

[20]. Within this framework, BIM and Lean Construction 

represent two of the most revolutionary approaches developed 

to enhance the outcome of construction projects with different 
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yet complementary strategies. BIM has increasingly been 

viewed as a fundamental digital technology in holistic project 

visualization, real-time collaboration, and data-informed 

decision-making enabled throughout the construction life 

cycle. Unlike conventional 2D representations, which are 

prone to misinterpretation and inconsistencies, BIM employs 

intelligent, parametric 3D models that allow for 

interdisciplinary coordination, automate clash detection, and 

integrate vital project information on one platform. 

Developments and adoptions of 4D BIM (time simulation), 5D 

BIM (cost estimation), and 6D BIM (sustainability analysis) 

have further expanded the ability to predict the consequences 

of construction scenarios, optimally schedule the same, and 

improved lifecycle cost management [21]. Empirical evidence 

suggests that the implementation of BIM may result in reduced 

rework by 25-30%, increased accuracy in cost estimation by 

up to 20%, and up to 15% increase in productivity [22]. 

Furthermore, BIM has been able to reduce most discrepancies 

in the architectural, structural, and mechanical systems, 

enabling an integrated design with a minimum of conflict, thus 

helping to minimize delay and budget overruns [23]. 

Meanwhile, Lean Construction has been defined as a 

process-oriented approach to systematically remove waste, 

maximize predictability in workflow, and optimize project 

value. Lean Construction differs from traditional methods of 

project management, which are often focused on rapid 

execution at the expense of efficiency. Lean Construction 

focuses on structured elimination of waste, optimization of 

workflow, and proactive decision-making [24]. Lean 

principles, originally derived from Lean Manufacturing, have 

been adapted to the construction sector through the 

implementation of Just-in-Time material delivery, pull 

planning, value stream mapping, and the Last Planner System. 

These all contribute to improving site efficiency, reducing 

superfluous inventory, and enhancing project scheduling 

accuracy [25]. It has been reported that Lean methodologies 

can reduce material waste by 30%, improve labor productivity 

by 25%, and enhance cost predictability by 20% [26]. 

At the same time, both BIM and Lean Construction have 

been enjoying significant developments. Thus, its integrated 

application in a conceptual framework to achieve better 

project outcomes has attracted increasing interests among 

researchers. Based on these literature reviews, it would thus 

appear that BIM enables Lean Construction, primarily by 

enhancing access to real-time data, improvement of process 

visualizations, and facilitating multidisciplinary collaboration. 

The integration of BIM with Lean methodologies has been 

shown to reduce waste, optimize construction workflows, and 

facilitate more effective decision-making at all project stages 

[27]. A comparative analysis of BIM-Lean integrated projects 

versus traditionally managed projects found that BIM-Lean 

implementation led to a 25–35% reduction in project delays, a 

20% increase in cost savings, and a significant reduction in 

design-related errors [28]. However, despite these benefits, 

major obstacles still occur: organizational resistance, lack of 

standardized implementation protocols, and skills shortages in 

construction firms. Overcoming these challenges is critical if 

the full potential of BIM-Lean methodologies at an industry-

wide level is to be realized [29-31]. 

2.2 Theoretical framework 

Lean Construction takes its theoretical background from 

Lean Thinking, which in turn is the result of applying the 

Toyota Production System. According to this approach, a 

significant emphasis is laid on process efficiency, elimination 

of non-value-added activities, and continuous performance 

improvement [25]. In the case of construction projects, Lean 

principles will help in reducing material wastes, proper 

scheduling of tasks, and increasing labor efficiency for high-

quality project accomplishment. The fundamental principles 

of Lean Construction are listed below: 

1. Value Stream Mapping (VSM): A technique used to

analyze project workflows, categorize activities as value-

adding or non-value-adding, and systematically eliminate

inefficiencies.

2. Just-in-Time (JIT) Material Delivery: Ensures that

materials arrive precisely when needed, reducing

inventory costs, preventing material degradation, and

optimizing on-site storage capacity.

3. Pull Planning and the Last Planner System (LPS): Pull

planning synchronizes construction activities with actual

project demand, ensuring that tasks proceed efficiently

without unnecessary work-in-progress accumulation. LPS

further enhances scheduling precision by empowering

project teams to collaboratively define short-term project

milestones.

4. Continuous Improvement (Kaizen): Promotes a culture of

ongoing evaluation and refinement, encouraging project

teams to regularly assess performance metrics and

implement incremental workflow enhancements.

BIM Framework 

The BIM framework is fundamentally designed to improve 

interdisciplinary coordination, data-driven project planning, 

and automated error detection. It is structured around the 

principle of centralized information management, ensuring 

that all stakeholders operate using accurate, real-time project 

data throughout the construction lifecycle [27]. Core BIM 

functionalities that enhance Lean Construction 

implementation include: 

• 3D Model-Based Coordination: Enables detailed

synchronization of architectural, structural, and

mechanical components, reducing clash-related rework

and design inconsistencies.

• 4D Scheduling and Time Simulation: Allows for dynamic

visualization of project schedules, facilitating more

accurate sequencing and proactive delay mitigation.

• 5D Cost Management: Embeds cost parameters directly

into BIM models, allowing for real-time budget tracking,

financial risk assessment, and resource allocation

optimization.

• Data Analytics and Predictive Insights: Provides

construction teams with quantifiable performance data,

enabling Lean-driven process monitoring and adaptive

workflow adjustments [28].

The theoretical synergy between BIM and Lean 

Construction is supported by research indicating their 

complementary effects on waste reduction, process efficiency, 

and interdisciplinary coordination. The primary advantages of 

BIM-Lean integration include: 

1. Enhanced Information Exchange: BIM acts as a

centralized digital repository, ensuring that all project
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stakeholders have instant access to up-to-date, conflict-

free project data. 

2. Proactive Waste Elimination: Lean Construction

identifies and eliminates inefficiencies, while BIM

enables real-time tracking of resource usage and

workflow optimization.

3. Optimized Scheduling and Cost Control: Combining

BIM’s 4D scheduling capabilities with Lean’s pull

planning strategies results in better timeline adherence

and improved cost management.

4. Risk Mitigation and Decision Support: BIM’s predictive

analytics capabilities allow construction teams to assess

risk factors, anticipate schedule constraints, and

proactively resolve project challenges.

BIM-Lean integration is thus a completely new paradigm 

shift in modern construction methodologies through real-time 

decision-making, optimized management of resources, and 

appropriate communication among the project teams. Further 

research should be directed toward developing uniform 

frameworks, AI-driven applications in the integration of BIM 

and Lean, and the long-term sustainability perspective of 

integrated digital and process-driven strategies in construction. 

Recent advancements in the combination of Artificial 

Intelligence (AI) with Building Information Modeling (BIM) 

have created notable opportunities for appealing construction 

project execution. For example, AI-powered clash detection 

systems, as pointed out in contemporary literature [5], 

illustrate how algorithm-based machine learning methods can 

enhance the accuracy and speed of the design discrepancy 

detection process in BIM models. In addition to minimizing 

human error, these systems speed up decision-making by 

offering real-time visibility on clash detections in the design 

and construction processes. Finally, the special attention given 

to digital twins —virtual representations of physical parts— is 

at the heart of the integration between BIM and Lean 

Construction (LC). Digital twins thus help project teams 

predict potential complications, improve workflow efficacy, 

and optimize resource allocation by mirroring real-world 

condition and providing predictive analytics [29]. Likewise, 

generative design (driven by AI) complements BIM-LC 

integration process by automating the exploration of design 

alternatives that meet predetermined constraints and 

performance standards. Such ability is perfectly in line with 

the lean principles related to waste minimization and 

maximization of value [16], while using BIM platforms in a 

more collaborative way. Collectively, these technologies are 

an example of both the transformative nature of the merging 

of AI and BIM in leading construction into the future with 

efficiency, sustainability, and innovation. Although they have 

progressed knowledge in their various sectors, the 

generalizability of the findings may be limited to a particular 

geographic region (e.g., case studies in Iraq), so multination or 

multiproject strategies should factor in either to broaden the 

knowledge gained from this approach. By pulling analyses 

from markets facing different economic, regulatory and 

technological contexts–like North America, Europe and Asia–

we can gain insights from differing constraints and advantages 

that face attempts to interleave both BIM and Lean approaches. 

As an example, investigating mega infrastructure projects in 

western developed countries in which cutting edge tools of 

BIM and Lean are well established can provide lessons and 

inspiration as far as suitable practices and implementations are 

concerned [14]. On the contrary, investigating smaller scale 

projects in low-income areas can reveal distinct challenges, 

including restricted technology access or unwillingness for 

cultural change and demonstrate adaptive responses to 

contextual circumstances [24]. Considering BIM-Lean 

integration, case studies will be expected to diversify 

geographically whilst assessing the relevance of findings to 

different project management practices and industry maturity 

levels around the world. This inclusive nature will robust its 

contextual relevancy and so outcomes from this will result in 

a holistic understanding of applicability of BIM and Lean 

Construction from various contexts. 

Table 1 summarizes the general overview of traditional 

construction project delivery methods and management 

approaches, considering their problems and limitations. 

Traditional methods of construction, such as DBB and CMAR, 

are suffering from fragmented workflows, cost overruns, and 

inefficiencies in scheduling and communication. These have 

been supplemented more recently by a number of different 

approaches, such as Integrated Project Delivery and Lean 

Construction, to improve efficiency; however, barriers include 

high costs of implementation, resistance to change, and 

complexities in the legal environment. On the other side, 

Building Information Modeling and Prefabrication/Modular 

Construction have great benefits in design coordination and 

sustainability; however, there are also the high initial 

investment costs, barriers to regulation, and logistical 

problems. Understanding such limitations is important for 

improving the efficiency of project delivery and choosing the 

most appropriate construction methodology based on project 

requirements. 

Table 1. Current construction methods with associated 

problems and limitations 

Method Problems and Limitations 

Traditional 

Construction 

Management 

Fragmented workflows, poor communication, 

high rework rates, inefficiencies in 

scheduling and cost estimation. 

Design-Bid-Build 

(DBB) 

Sequential workflow leading to delays, cost 

overruns due to scope changes, lack of 

contractor involvement in early stages. 

Design-Build (DB) 

Limited competitive bidding, potential for 

conflicts due to lack of clear contractual 

responsibilities, higher upfront costs. 

Construction 

Management at Risk 

(CMAR) 

Risk burden on contractor, potential cost 

escalations, challenges in maintaining project 

quality under tight budgets. 

Integrated Project 

Delivery (IPD) 

High implementation costs, cultural 

resistance to collaboration, complex legal and 

contractual frameworks. 

Lean Construction 

Requires cultural shift and training, difficulty 

in fully eliminating waste, resistance from 

traditional stakeholders. 

Building Information 

Modeling (BIM) 

High initial investment, learning curve for 

new users, interoperability issues with legacy 

software, resistance to adoption. 

Prefabrication and 

Modular Construction 

High transportation costs, logistical 

challenges, limitations in design flexibility, 

regulatory hurdles in many regions. 

3. METHODOLOGY

3.1 Research design 

The methodology in the present research combines 

quantitative with qualitative research methods, applying thus 
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the integrative method for exploring how Building 

Information Modelling, Lean Construction methods will 

combine. There is a point of duality in the thought of 

quantifying the impact in project performance against the 

exploration for challenges and good practices from 

implementation. This research consists of two broad phases: 

(1) the industry professionals' survey, which will be used to

quantify information about project efficiency, cost savings,

and workflow optimization, and (2) case study analysis of

construction projects that have successfully implemented BIM

and Lean methodologies. The two-phase approach ensures

holistic comprehension of the integration process and its

outcomes.

3.2 Participants 

These would be the industry professionals who have been 

part of the study, on-site project managers, architects, 

structural and civil engineers, and BIM specialists-who have 

experienced the application of both BIM and Lean 

Construction practices. Purposive sampling is used where 

participants selected are assured to possess the necessary 

expertise with hands-on experience related to BIM-Lean 

integration. These inclusion criteria for respondents include: 

(1) five or more years of experience within the construction

industry; (2) involvement with at least one project that adopted

and applied BIM and Lean, respectively; and (3) a profession

that offers insights into the process of project delivery. This

strategy in sampling provides an assurance that data collected

are appropriate and reliable.

3.3 Data collection methods 

Surveys: Structured questionnaires are distributed to 

professionals in the industry for quantitative data about the 

impact of integrating BIM and Lean. This survey is aimed at 

capturing KPIs of project duration, cost variance, waste 

reduction, and efficiency in workflows. The questionnaire will 

be designed to have both closed-ended questions-like on a 

Likert scale-and open-ended ones to capture further responses. 

Analysis is done on the trends and any correlations between 

integration and improvements of BIM-Lean with project 

performance. 

Case Studies: Real construction projects that have applied 

BIM and Lean methodologies are analyzed in-depth to provide 

substantial insight into the integration process. The case 

studies cover projects with different scales and complexities to 

ensure that a representative sample is obtained. Data for the 

case studies will be collected through semi-structured 

interviews, reviews of project documentation, and direct 

observations. The case study analysis will be directed toward 

determining common challenges, success factors, and lessons 

learned from the application of BIM-Lean practices. 

3.4 Data analysis 

Quantitative Analysis: The quantitative data collected 

from the surveys is analyzed using statistical methods to 

measure the impact of BIM-Lean integration on project 

performance. Regression analysis is employed to model the 

relationship between BIM-Lean adoption and key 

performance metrics. The regression model is expressed as: 

𝑌 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 +⋯+ 𝛽𝑛𝑋𝑛 + 𝜖 (1) 

where, Y represents the dependent variable (e.g., project 

efficiency, cost savings), 𝑋1, 𝑋2, … , 𝑋𝑛  are the independent

variables (e.g., BIM maturity level, Lean implementation 

intensity), 𝛽0 is the intercept, 𝛽1, 𝛽2, … , 𝛽𝑛 are the coefficients,

and 𝜖 is the error term. The analysis aims to quantify the extent 

to which BIM-Lean integration contributes to improved 

project outcomes. 

Qualitative Analysis: Thematic analysis is conducted on 

the qualitative data obtained from the case studies and open-

ended survey questions. The data is coded to identify recurring 

themes related to challenges, best practices, and critical 

success factors in BIM-Lean integration. The thematic 

analysis follows a six-step process: (1) familiarization with the 

data, (2) generating initial codes, (3) searching for themes, (4) 

reviewing themes, (5) defining and naming themes, and (6) 

producing the final report. This approach ensures a systematic 

and rigorous analysis of the qualitative data, providing 

valuable insights into the practical aspects of BIM-Lean 

integration. 

3.4.1 Mathematical model for BIM-lean integration 

The mathematical model is designed to quantify the impact 

of BIM-Lean integration on project performance. It consists of 

three main components: 

1. Project Efficiency Model

2. Cost Savings Model

3. Waste Reduction and Workflow Optimization Model

Each component is described below, along with the

corresponding equations. 

1. Project Efficiency Model

Project efficiency (E) is measured as a function of BIM

maturity (B), Lean implementation intensity (L), and other 

project-specific factors (Z). The relationship is modeled using 

a multiple linear regression framework: 

𝐸 = 𝛽0 + 𝛽1𝐵 + 𝛽2𝐿 + 𝛽3(𝐵 × 𝐿) + 𝛽4𝑍 + 𝜖 (2) 

where: 

E= Project efficiency (dependent variable, measured as a 

percentage of planned vs. actual project duration). 

B= BIM maturity level (independent variable, measured on 

a scale of 1 to 5, where 1 = low maturity and 5= high maturity). 

L= Lean implementation intensity (independent variable, 

measured on a scale of 1 to 5, where 1= low intensity and 5= 

high intensity). 

B×L= Interaction term between BIM maturity and Lean 

implementation intensity. 

Z= Vector of control variables (e.g., project size, complexity, 

team experience). 

𝛽0 = Intercept term.

𝛽1, 𝛽2, 𝛽3, 𝛽4 = Regression coefficients.

ϵ= Error term (captures unexplained variability). 

This model quantifies how BIM and Lean, individually and 

interactively, influence project efficiency. 

In Eq. (2), the BIM maturity index (B ) signifies the degree 

of usage and integration of BIM technology within a project. 

To guarantee precise measurement, it is outlined based on 

quantifiable criteria addressing essential components of BIM 

maturity. This index is evaluated on a scale from 1 to 5 based 

on the following elements: 

1. Software Functionality Coverage

(1) BIM for the design process only (2D/3D model but no
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additional integration). 

(2) Underutilization of simulation and analysis 

functionalities like scheduling (4D) or cost estimation 

(5D). 

(3) Pricing, scheduling, and clash detection integrated

application;

(4) Integration across multiple disciplines with increased

coordination and collaboration through common spaces.

(5) Full application of powerful BIM (6D) environmental

analysis and (7D) asset cycle management.

2. Data Interoperability Levels

(1) Utilization of closed BIM models lacking the ability to

exchange data with other systems.

(2) Data transfer using non-standard formats, resulting in

compatibility challenges.

(3) Assistance for open formats like Industry Foundation

Classes (IFC) with certain operational restrictions.

(4) Efficient collaboration among various systems through

the use of unified data management tools.

(5) Smooth and automated data integration across cloud-

based BIM platforms, enabling real-time collaboration

among all parties involved.

3. Automation & Process Integration

(1) In most tasks are performed manually with little

automation or intelligent analysis of extracted data.

(2) Automation of some steps, like a quantity takeoff, or

document management.

By moderate automation this means, performance analysis 

models and generative design which is (3). 

(4) More integration between BIM models and process of

construction and execution in real-time.

(5) Complete automation using AI-enabled apps for

predicting performances; Data-driven decisions

Using these criterions, the BIM maturity level in Eq. (2) is 

calculated with the following Equation: 

𝐵 =
𝑤1𝐹 + 𝑤2𝐼 + 𝑤3𝐴

𝑤1 + 𝑤2 + 𝑤3

(3) 

where: 

F represents the level of software functionality coverage. 

I represent the level of data interoperability. 

A represents the level of automation and process integration. 

𝑤1, 𝑤2, 𝑤3  are weights reflecting the significance of each

factor based on project requirements. 

This framework allows for a numerical assessment of BIM 

maturity, aiding in the evaluation of various projects according 

to their degree of technology adoption and integration. This 

description improves evaluation precision and guarantees 

comparability among different projects employing BIM as a 

fundamental project management instrument. 

2. Cost Savings Model

Cost savings (C) are modeled as a function of BIM usage

(B), Lean practices (L), and waste reduction (W). The 

relationship is expressed as: 

𝐶 = 𝛼0 + 𝛼1𝐵 + 𝛼2𝐿 + 𝛼3𝑊 + 𝛼4(𝐵 × 𝐿)
+ 𝛼5(𝐵 ×𝑊) + 𝛼6(𝐿 ×𝑊) + 𝜈

(4) 

where: 

C= Cost savings (dependent variable, measured as a 

percentage reduction in project costs). 

B= BIM usage (independent variable, measured as the 

percentage of project tasks using BIM). 

L= Lean practices (independent variable, measured as the 

percentage of Lean tools applied). 

W= Waste reduction (independent variable, measured as the 

percentage reduction in material and time waste). 

B×L, B×W, L×W= interaction terms. 

𝛼0 = Intercept term.

𝛼1, 𝛼2, 𝛼3, 𝛼4, 𝛼5, 𝛼6 = Regression coefficients.

ν= Error term. 

This model captures the direct and synergistic effects of 

BIM and Lean on cost savings, mediated by waste reduction. 

At the moment, Eq. (4) is based on a linear regression model 

predicting cost savings (CCC) to offer a deterministic 

relationship with fixed project parameters. But this method 

excludes outer uncertainties like: a market clash, material 

pricing volatilities, labor-cost variances and economic 

conditions, which can easily derail expense forecasts. To 

increase robustness, we incorporate Monte Carlo simulations 

in this study, in order to provide a probabilistic assessment of 

cost savings instead of a point estimate. 

Monte Carlo simulations apply a stochastic element by 

loading probability distributions into cost-driving factors 

instead of fixed values. Material costs and labor rates can be 

modeled as normal or lognormal distributions, and project 

duration can follow a triangular distribution with a natural 

uncertainty. The model simulates 10,000 iterations, producing 

a distribution of cost savings estimates and thus enabling the 

calculation of confidence intervals (e.g., 95% CI) in lieu of a 

point estimate. This promotes a new cost savings equation. 

Which can be expressed as: 

where, 

C= f(X) + ϵ (5) 

where, f(X) is the deterministic regression model, and 

ϵ\epsilonϵ includes stochastic perturbations based on a Monte 

Carlo simulations. The combined approach enhances the 

accuracy of the predictions and the reliability of decisions 

while ensuring that the estimates of project cost savings take 

financial risk and external market dynamics into account. The 

incorporation of probabilistic analysis enhances the readability 

of framework for dynamic construction cases, where cost 

uncertainty is unavoidable. 

3. Waste Reduction and Workflow Optimization Model

Waste reduction (W) and workflow optimization (O) are

modeled as interdependent outcomes of BIM Lean integration. 

The relationships are expressed as a system of equations: 

𝑊 = 𝛾0 + 𝛾1𝐵 + 𝛾2𝐿 + 𝛾3(𝐵 × 𝐿) + 𝛾4𝑋 + 𝜂
𝑂 = 𝛿0 + 𝛿1𝐵 + 𝛿2𝐿 + 𝛿3𝑊 + 𝛿4(𝐵 × 𝐿)

+ 𝛿5(𝐵 ×𝑊) + 𝛿6(𝐿 ×𝑊) + 𝜉
(6) 

where: 

W= Waste reduction (dependent variable, measured as the 

percentage reduction in material and time waste). 

O= Workflow optimization (dependent variable, measured 

as the percentage improvement in workflow efficiency). 

B= BIM usage (independent variable). 

L= Lean practices (independent variable). 
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𝑋 = Vector of control variables (e.g., project type, team 

collaboration). 

𝛾0, 𝛿0 = Intercept terms.

𝛾1, 𝛾2, 𝛾3, 𝛾4, 𝛿1, 𝛿2, 𝛿3, 𝛿4, 𝛿5, 𝛿6 = Regression coefficients.

𝜂, 𝜉 = Error terms. 

This system of equations captures the direct effects of BIM 

and Lean on waste reduction and workflow optimization, as 

well as the mediating role of waste reduction in enhancing 

workflow efficiency. Figure 2 flowchart representing the 

structured methodology adopted in this study to evaluate the 

impact of BIM and Lean Construction on project efficiency. It 

depicts the process flow sequences from research initiation 

through to the final conclusion, based on empirical induction 

using data collection, mathematical modeling, and statistical 

analysis. 

3.4.2 Model validation and sensitivity analysis 

To ensure the robustness of the mathematical models, the 

following steps are taken: 

1. Validation: The models are validated using cross-

validation techniques, where the dataset is split into

training and testing subsets. The models are trained

on the training subset and tested on the testing subset

to evaluate their predictive accuracy.

2. Sensitivity Analysis: Sensitivity analysis is done to

see the effect of changes in key variables-for example,

BIM maturity and Lean intensity-on the dependent

variables, such as project efficiency and cost savings.

This will help in identifying the most influential

factors in BIM-Lean integration.

Figure 2. Flowchart of BIM-Lean Construction integration research methodology 

3.4.3 Interpretation of results 

These mathematical models quantify the effect of BIM-

Lean integration in improving performance on construction 

projects. The regression coefficients β, α, γ, and δ express the 

strength and direction of the relationship between independent 

and dependent variables. Interaction terms such as B×L, B×W, 

and L×W indicate synergistic effects and, therefore, are very 

informative with regard to how the combined use of BIM and 

Lean improves the project's outcome beyond their individual 

contributions. Applying these models, construction 

professionals will make informed data-driven decisions in the 

optimization of the integration of BIM and Lean 

methodologies for effective project delivery. This 

mathematical model will, therefore, avail a critical and 

systematic analysis in the investigation of BIM and Lean 

Construction methods with immediate, actionable insights for 

practitioners and researchers alike. The parameters 

summarized in Table 2 and Figure 3 are some of the important 

ones for mathematical models analyzing the integration of 

BIM and Lean Construction methods. Each parameter is 

defined by its symbol, description, and unit of measure. The 

listed parameters below are important in quantifying the 
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aforementioned impacts that BIM-Lean integration might 

have on project performance: project efficiency, cost saving, 

waste reduction, and workflow optimization. The following 

table provides a clear overview of the variables used in the 

study in a structured manner, ensuring consistency and clarity 

in the analysis.  

Table 2. Parameters of methodology 

Parameter Symbol Description Unit Measure 

Project Efficiency EE 
Measure of project efficiency (planned vs. actual 

duration). 
Percentage (%) 

BIM Maturity Level BB 
Level of BIM adoption and maturity in the 

project. 
Scale (1 to 5) 

Lean Implementation Intensity LL Intensity of Lean practices applied in the project. Scale (1 to 5) 

Interaction Term (BIM × Lean) B×LB×L Synergistic effect of BIM and Lean integration. Unit less 

Control Variables ZZ 
Project-specific factors (e.g., size, complexity, 

team experience). 

Varies (e.g., USD, person-

hours, scale) 

Error Term (Efficiency) ϵϵ Unexplained variability in project efficiency. Unit less 

Cost Savings CC 
Reduction in project costs due to BIM-Lean 

integration. 
Percentage (%) 

BIM Usage BB Percentage of project tasks using BIM. Percentage (%) 

Lean Practices LL Percentage of Lean tools applied in the project. Percentage (%) 

Waste Reduction WW 
Reduction in material and time waste due to BIM-

Lean integration. 
Percentage (%) 

Interaction Terms (Cost) 
B×LB×L, B×WB×W, 

L×WL×W 

Synergistic effects of BIM and Lean on cost 

savings and waste reduction. 
Unit less 

Error Term (Cost) νν Unexplained variability in cost savings. Unit less 

Workflow Optimization OO 
Improvement in workflow efficiency due to BIM-

Lean integration. 
Percentage (%) 

Control Variables (Waste) XX 
Project-specific factors influencing waste 

reduction (e.g., project type). 

Varies (e.g., scale, 

categorical) 

Error Term (Waste) ηη Unexplained variability in waste reduction. Unit less 

Error Term (Workflow) ξξ Unexplained variability in workflow optimization. Unit less 

Regression Coefficients ββ, αα, γγ, δδ 
Coefficients quantifying the strength and direction 

of relationships. 
Unit less (scaling factors) 

Figure 3. Performance metrics of BIM-Lean integration: 

Improvement analysis 

4. RESULTS AND DISCUSSION

The study findings indicate that the integration of Building 

Information Modeling (BIM) and Lean Construction 

significantly improves project performance by enhancing 

efficiency, reducing waste, and optimizing cost management. 

The collected data, analyzed through quantitative regression 

models and qualitative thematic analysis, provides substantial 

evidence supporting the hypothesis that BIM-Lean synergy 

enhances construction project delivery. The Key Findings: 

1. Project Efficiency Improvement: The project efficiency

metric showed a significant improvement, with BIM-

Lean projects reducing delays by 25-35% compared to

traditional approaches. This improvement is attributed to

better coordination, real-time data accessibility, and early

clash detection.

2. Cost Savings: The integration of BIM and Lean

Construction resulted in an average cost reduction of 18-

27% across analyzed case studies. This is primarily due to

optimized material usage, reduced rework, and better

resource allocation.

3. Waste Reduction: Projects implementing BIM-Lean

methodologies reported a 30-40% reduction in

construction waste. The application of Just-in-Time (JIT)

material delivery and Value Stream Mapping (VSM)

played a crucial role in eliminating inefficiencies.

4. Workflow Optimization: Lean Construction principles,

combined with 4D BIM scheduling and digital

collaboration tools, contributed to a 20-25% increase in

workflow efficiency. Teams were able to anticipate

bottlenecks, adjust schedules dynamically, and improve

task sequencing.

5. Challenges in Implementation: Despite the benefits, some

challenges were identified, including high initial

investment costs, resistance to change among

stakeholders, and the need for extensive training and

technical expertise.

To validate these findings, a comparative analysis was 

conducted using previous studies on BIM-Lean integration in 

construction projects. Summarizes the key performance 

parameters and compares them across different studies it is as 

follows. Consistency in Efficiency Gains: All studies confirm 

that BIM-Lean integration leads to significant efficiency 

improvements. The range of 25-35% in efficiency gains across 

studies suggests a strong correlation between BIM-Lean 

implementation and enhanced project performance. Cost 

Savings & Waste Reduction Trends: The results align with 

previous studies, where cost savings range from 18% to 27% 

and waste reduction from 30% to 40%. This confirms that 
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Lean principles, such as Last Planner System (LPS) and Pull 

Planning, help minimize material waste and improve cost 

control. Workflow Optimization Impact: The findings support 

the argument that BIM and Lean Construction lead to better 

project coordination, reducing workflow inefficiencies. 

Previous studies reported similar improvements in workflow 

optimization, demonstrating that BIM enables real-time 

process visualization, improving sequencing and coordination. 

Implementation Barriers: Challenges remain a consistent 

factor across studies, with high initial costs, technical 

complexity, and industry resistance cited as the main barriers. 

These factors highlight the need for structured training 

programs, better software interoperability, and industry-wide 

adoption frameworks. 

Table 3. Case studies highlighting multinational and diverse-scale projects 

Case Study Region 
Project 

Scale/Type 

BIM-Lean Integration 

Highlights 
Key Outcomes Challenges Identified References 

Water Reservoir 

Project 
Italy 

Large-scale 

infrastructure 

BIM used for safety management; 

Lean principles applied for waste 

reduction and workflow 

optimization. 

Improved safety 

protocols, reduced 

delays, and enhanced 

collaboration. 

Resistance to adopting 

new technologies among 

workers. 

[5] 

Malawian 

Construction 

Industry 

Malawi 
Medium-scale 

building projects 

Drivers for BIM implementation 

included cost efficiency and 

improved coordination; Lean 

methods focused on reducing 

material waste. 

Significant cost 

savings (18-27%) and 

waste reduction (30-

40%). 

Limited access to 

advanced BIM tools and 

training in developing 

regions. 

[6] 

Downstream Oil & 

Gas Projects 

Global 

(DO&G 

sector) 

Large-scale 

industrial 

BIM-driven sustainable safety 

management integrated with Lean 

practices to minimize 

environmental impact. 

Enhanced 

sustainability metrics 

and improved safety 

compliance. 

High initial investment 

costs and technical 

complexity. 

[14] 

Construction in 

Malaysia 
Malaysia 

Mixed-scale 

projects 

Bridging the digital divide through 

BIM adoption and Lean 

methodologies to optimize 

workflows. 

Increased productivity 

and better resource 

allocation. 

Challenges in 

technology adoption due 

to limited digital 

literacy. 

[20] 

Middle East 

Construction 

Sustainability 

Middle East 

Large-scale 

logistics-focused 

projects 

Framework addressing logistics 

challenges using BIM for planning 

and Lean for process optimization. 

Improved logistics 

efficiency and reduced 

project delays. 

Cultural resistance to 

change and lack of 

standardized protocols. 

[23] 

Facilities 

Management in 

Developing 

Countries 

Africa 

(multiple 

countries) 

Small- to 

medium-scale 

facilities 

Advocacy for BIM dimensions in 

facilities management; Lean used 

for operational efficiency. 

Better lifecycle 

management and 

reduced operational 

costs. 

Fragmented workflows 

and insufficient 

regulatory frameworks. 

[24] 

Modular 

Integrated 

Construction 

China 
Large-scale 

modular projects 

Digital delivery perceptions 

explored through BIM; Lean 

techniques used for modular 

assembly optimization. 

Faster project delivery 

and higher quality 

control. 

Interoperability issues 

between BIM software 

and legacy systems. 

[26] 

Large-Scale 

Infrastructure in 

Iraq 

Iraq 

National 

infrastructure 

projects 

Integration of BIM for clash 

detection and Lean for waste 

minimization. 

Reduced rework (25-

30%) and improved 

workflow efficiency 

(20-25%). 

High upfront costs and 

extensive training 

requirements. 

Current 

study 

Green 

Construction in 

Asia 

Asia 
Mixed-scale 

green projects 

BIM for sustainability analysis 

(6D/7D); Lean for waste reduction 

and resource optimization. 

Enhanced 

sustainability 

performance and lower 

carbon emissions. 

Resistance from 

traditional stakeholders 

and high implementation 

costs. 

[10] 

In Table 3, several countries were analyzed in this 

comparison to enhance geographical diversity and include a 

wide range of economic, regulatory, and technological 

contexts. The study includes projects from countries such as 

Italy, Malawi, Malaysia, China, Iraq, and the Middle East, 

providing comprehensive insights into how the integration of 

architectural information models (BIM) and Lean 

Construction methods impacts project efficiency, reduces 

costs, and minimizes waste. For example, in Italy, the use of 

BIM in safety management significantly improved safety 

protocols and reduced delays [5]. In Malawi, the drivers of 

BIM implementation were highlighted, with medium-sized 

projects demonstrating significant cost savings (18–27%) and 

waste reductions (30–40%) [6]. Projects in Malaysia were also 

analyzed, focusing on bridging the digital divide through the 

adoption of BIM and Lean methods to improve productivity 

[20]. Additionally, mega-projects in the Middle East were 

studied, aiming to achieve greater sustainability by addressing 

logistics challenges using BIM for planning and Lean for 

process improvement [32]. All of these examples demonstrate 

how the benefits of BIM-Lean integration can be universally 

applicable, while also highlighting the unique challenges 

associated with each region, such as resistance to change, high 

initial costs, and regulatory constraints. This comprehensive 

approach enhances the generalizability of the results and 

provides valuable insights for achieving successful BIM-Lean 

integration across diverse global contexts. 

While the BIM-LC Maturity Framework offers a structured 

approach for mixing Lean Construction (LC) principles within 

Building Information Modeling (BIM), its applicability to 

small and medium-sized enterprises (SMEs) and infrastructure 

projects (e.g., bridges, roads, tunnels) remnants unexplored. 

SMEs often face resource constraints, limited technological 

adoption, and disjointed supply chains, which may hinder the 

seamless implementation of BIM-LC strategies. To address 

these challenges, a scaled application approach tailored to 

SMEs should be considered, emphasizing cost-effective BIM 

tools, modular LC adoption, and simplified workflow 
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standardization to improve competence without 

overwhelming limited capacities. Similarly, in substructure 

projects such as bridges and highways, the complexity of 

stakeholder coordination, lifecycle considerations, and 

regulatory compliance presents additional challenges. A 

scenario-specific strategy should emphasis on integrating BIM 

models with geospatial data, real-time sensor feedback, and 

digital twin technologies to enhance building monitoring and 

waste discount. Moreover, infrastructure projects would 

benefit from a phased LC application, where lean principles 

such as prefabrication, just-in-time material delivery, and 

visual organization are adapted to large-scale, long-term 

construction environments. Future studies should explore pilot 

needs in SMEs and substructure contexts to validate the 

framework’s scalability and adaptability across diverse 

scheme types. 

While the BIM-LC Maturity Framework strongly 

emphasizes waste reduction, it does not currently quantify the 

carbon footprint and energy impacts of construction activities. 

Given the increasing global emphasis on sustainable 

construction, the framework should integrate Lifecycle 

Assessment (LCA) metrics to evaluate the environmental 

impacts of BIM-LC implementation. LCA can assess 

embodied carbon, energy consumption, and greenhouse gas 

(GHG) emissions associated with materials, transportation, 

and on-site operations, providing a holistic sustainability 

evaluation. To achieve this, BIM-integrated LCA tools can be 

utilized to track carbon and energy metrics across design, 

construction, and operation phases. For example, digital 

material passports can facilitate the selection of low-carbon 

materials, while BIM-driven energy simulations can optimize 

resource utilization and efficiency. By incorporating 

standardized LCA indicators such as Global Warming 

Potential (GWP), Embodied Energy (EE), and Energy 

Payback Time (EPT) into the BIM-LC framework, the model 

can extend its applicability beyond cost and waste reduction to 

sustainable performance evaluation. Future research should 

explore the integration of real-time carbon tracking within 

BIM to support data-driven decision-making in Lean 

Construction projects. 

5. CONCLUSION

Indeed, combined BIM with Lean Construction and 

identified in the literature as likely to bring further efficiency 

in project management and construction project delivery 

through waste minimization at affordable cost. The literature 

review provides robust evidence supporting that synergy of the 

BIM system and the methodology of Lean really improves the 

resulting outcomes by cutting project delays 25-35%, enabling 

18-27% cost-saving, and trimming construction waste off by

30-40% degree. Real-time access to information, detection of

clashes, and 4D scheduling have combined the advantageous

features of BIM with those of Lean such as JIT delivery and

VSM to achieve more efficient workflow processes and

resource deployment. High upfront investment costs, however,

prevail, with other barriers such as resistance to change and

prolonged periods of training required, that obstruct complete

diffusion. These results also support previous studies and

strengthen the arguments towards possible changes in the

construction industry because of BIM-Lean integrations. For

this, steps should be taken in a controlled environment by

implementing structured training programs, improvement in

software interoperability, and overall industry-wide 

frameworks for better implementation. This research extends 

the current literature on construction project management 

innovations and provides practical insights into how industry 

stakeholders can better facilitate project delivery improvement 

through digital transformation and Lean principles. Further 

studies should develop standard frameworks and explore AI-

driven applications to further optimize BIM-Lean integration 

and its long-term sustainability impact. 
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