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Abstract: The current state budget allocated for Indonesian government projects has exceeded 10%
for infrastructure development. This large budget indicates a need for the construction industry
to implement more professional management practices for better cost, time, quality, safety, and
environmental impact. Lean construction is used to increase productivity and reduce waste in a
project. Therefore, this study aimed to extend lean construction principles to the planning and
execution phases of DB projects, where these two entities are integrated into the main contractor.
Quantitative and qualitative study methods were used to analyze secondary data from six DB project
sites and conduct focus group discussions (FGDs) with expert panels using the Delphi method for
consensus. The results showed the factors and variables that influence the implementation of lean
construction in government projects in Indonesia.

Keywords: design and build; lean construction; productivity and waste; project performance

1. Introduction

The government is responsible for the budget allocated for infrastructural develop-
ment [1–3], and several projects have been delayed, resulting in increased costs beyond the
initial estimates [4,5]. This issue is commonly witnessed in traditional contract arrange-
ments, typically awarded to the lowest bidder [3,4]. However, the procurement strategy
has been adopted by most developing countries [3,5]. For example, Latham [6] focused
on the timely delivery of a project, which is essential in the construction industry, where
projects often last longer than planned [1,4,5,7,8].

A significant indicator of an efficient construction industry is the timely completion
of projects [9]. There is a need for contractors to balance quality, time, and cost [1,10],
although several projects mainly focus on two parameters: time and cost [11–14]. Several
studies focused on time as a critical success indicator, with delays typically occurring
during the execution phase due to numerous unexpected factors [15]. In construction,
delay is defined as exceeding the scheduled completion time stated in the contract or
agreed upon by the parties [1,4,5]. Projects that exceed the planned schedule are a common
challenge in the construction industry. Furthermore, delays result in revenue losses due
to unavailability of facilities or dependency on existing ones [1,4]. In several cases, delay
has caused contractors to face higher overhead costs arising from increased work hours,
inflation-driven material price hikes, and rising labor expenses [1,7,8]. While timely project
completion is an indicator of efficiency, the construction process is influenced by a multi of
variables and unexpected factors originating from various sources [16–18]. These include
the performance of the parties, resource availability, environmental conditions, third-party
participation, contractual relationships, and the rarity of on-time project completion [18,19].
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Costing and schedule extensions were also attributed to a range of factors, and exceed-
ing these indicators can adversely affect client satisfaction [18]. Furthermore, discrepancies
between the financing profile and budget requirements may cause delays [20]. According
to Ahmad et al. [21], construction project delays are a universal phenomenon, followed by
cost overruns [22]. This weakens contractors and consultants, strains relationships, fosters
distrust, and contributes to litigation, arbitrage, cash flow problems, and a competitive
atmosphere among parties [21]. Several studies have been conducted on the factors that
cause delay and excessive costs and their influence on quality, safety, productivity, etc.,
particularly in specific project types [21,22].

The construction industry plays a crucial role in the global economy, particularly in
Indonesia, but it faces significant challenges. An essential problem currently faced by
Indonesia is the inadequate state of infrastructure in terms of both quantity and quality [23].
Building failures often result from shortcomings among service providers and contractors,
including insufficient skills and training, substandard materials, and errors in planning that
do not meet technical standards and requirements [24]. A major challenge encountered in
the construction sector is the low level of productivity [25], a concern shared by construction
industries worldwide [26]. This productivity deficit poses significant risks, including
potential inflation, social conflicts, and lack of confidence in the economy [27,28].

The government faces significant challenges in managing the development of the
national city (IKN), which includes extensive infrastructure projects. The increasing trend
in government projects toward Design and Build (DB) presents both opportunities and
challenges, and assuming it is not managed effectively, it could lead to low productivity
and high waste. DB projects offer the advantage of having a single entry point for both
design and construction, requiring careful consideration of the unity between designers
and builders. Lean construction principles, obtained from the literature, are being applied
in the implementation (builder) phase. The adoption in DB projects poses a new challenge,
where lean principles are implemented in both the design and construction phases. This
gap presents an area for further study of the application of lean construction to government
DB projects. In addition, various factors and variables influencing the implementation of
lean construction in DB projects can be analyzed.

1.1. Productivity and Waste

Detecting low productivity in construction projects early is important to minimal-
ize time and cost overruns [29–33]. Various factors impacting productivity relevant to
construction project performance in many countries, including Indonesia, have been iden-
tified [1,7,21,33–35]. These include (1) lack of materials, (2) delayed arrival of materials,
(3) unclear instruction to laborers, (4) labor strikes, and (5) financial difficulties faced
by project owners [36]. Furthermore, additional challenges are observed in construction
projects globally. These comprise incompetent supervisors or poor management and plan-
ning, worker efficiency or skills training, delayed payments, poor construction methods,
and safety hazards or accidents [23,24,35,37–41].

In Indonesia, waste is caused by multiple factors, such as policy, asset management,
technology, human resources, and knowledge [23]. A model integrating these five factors
was recommended to effectively manage and minimalize construction project waste in
infrastructural development. From Previous Research on waste management in Indonesia
stated four main recommendations, namely (1) build long-term relationships with produc-
ers and suppliers to develop efficient shipping methods, thereby minimizing inventory
accumulation and delays [23,35,37–41]; (2) prioritize the use of local materials and natural
resources when feasible [23,35,37–41]; (3) provide regular training programs for foremen
and laborers to enhance the understanding of waste management concepts [23,35,37–41];
and (4) build collaboration and hold routine meetings with all construction personnel
across various levels to foster trust and cooperation among team members, who are treated
as partners [35].
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1.2. Design and Build

The Constitution mandates effective management of government-financed Design
and Build (DB) projects. The construction services law No. 2, Year 2017 in Indonesia,
manages partner selection in the execution of construction services, focusing on the impor-
tance of an objective selection process to drive professionalism in project hosting. Mean-
while, from project initiation, various analyses must be conducted collaboratively with the
owner [42–47]. DB projects that have a single-entry advantage [42,43,45,48] in planning
and execution facilitate deeper risk management through collaboration between the main
contractors and suppliers or subcontractors.

A state-owned enterprise conducted a mapping exercise on a total of 30 projects from
2018 to 2022. However, 35% of the mapped projects were DB, while 50% experienced
losses, contradicting the improved performance compared to the Design Bid Build (DBB).
Recognizing this anomaly as significant, the present study aims to address the issue by im-
plementing lean construction. Lean construction, known for reducing waste and increasing
productivity, offers a promising method to improve the performance of DB projects.

Figure 1 shows the project life cycle, which consists of four main phases. In a DB
project, the main contractor manages the planning, design, and execution phases through a
single entry [42–45,48].
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Figure 1. Schematic of project life cycle [49].

From Figure 1 above illustrate project life cycle phase, beginning from initiation phase
with pre project for identification business opportunities, planning and design phase, then
bid phase for selection contractors to build the project. After contractor selected, contractor
must mobilization and operation project, after that closing and termination project.

2. Materials and Methods

The study adopted the quantitative method comprising a schematic literature review
that formulated lean construction to measure the effectiveness of government projects.
In addition, the qualitative method was also used because it had a direct influence on
productivity and project waste. Furthermore, the quantitative method focused on analyzing
project progress report data every month. Comprehensive details of the study methods are
shown in Table 1.
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Table 1. Steps of study methods.

Main Steps Research Procedure Results

RQ1 Literature review, monthly
progress report

What are the factors affecting
productivity and waste in the

construction project?

RQ2 Results RQ1
Delphi method

What are the factors affecting LC in
government DB projects?

RQ3
Results RQ2

Empirical study in field,
results & analysis

Reporting of results and conclusion

The steps shown in Table 1 aim to establish a mapping of the study variables. The
variables were used to formulate a lean construction strategy to improve project perfor-
mance. The resulting mapping, which identified significant variables, is shown in the
following figure.

Figure 2 shows the variable mapping process derived from Design and Build (DB)
projects as a single entry in both the design and construction phases. The next step is map-
ping the related factors in the two phases, including the relevant stakeholders. These factors
interconnect to form sustainability factors that influence construction project performance.

Figure 2. Schematic of variable research [18,50–53].

Collecting Data

Data collection was carried out in two stages, namely the following:

1. Quantitative methods were used to analyze secondary data through monthly progress
reports from DB projects completed at six different DB project locations in Java and
Kalimantan.

2. In-depth, face-to-face interviews were conducted with owners, contractors, designers,
and academics to explore perceptions of lean construction in government projects.
Next, an FGD was carried out using the Delphi method to reach consensus.

During the data collection process, respondents were grouped based on their respective
functions in the construction project. The next step was to reach a consensus to identify
certain variables for deeper analysis in order to obtain accurate results. To facilitate a
comprehensive analysis, all interviews were recorded, allowing accurate translation and
data cleaning to occur. The Delphi method was used for the following purposes:

1. obtain accurate information that is not available based on the experience of the
respondent (expert);

2. handle complex problems that require more in-depth analysis; and
3. study or define areas where there is a lot of uncertainty, lack of knowledge, or differ-

ences of opinion, so that more accurate decisions can be made.
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This activity comprised nine experts who collectively contributed to the consensus
process. The profiles of the experts in this study consist of the owner (CEO), contractor
(CEO, director, project manager), designer (senior designer), and academic (associate
professor of construction management). The detailed profiles of each expert are shown in
Table 2.

Table 2. Profile of respondents for FGD.

Actor Resp. Position/Role

Owner 1 Chief Executive Officer
2 Chief Executive Officer

Designer 3
4

Senior Designer
Senior Designer

Contractor 5 Chief Executive Officer
6 Project Manager
7 Operational Director

Academic 8 Professor of Construction Management
9 Professor of Construction Management

The collected data was analyzed using standard qualitative method procedures, in-
cluding data cleaning, data calibration, verification, presentation, and then, conclusions.
The first round carried out measurements of the prerequisites, strengths and weaknesses,
challenges, and obstacles, as well as the experience of each respondent during the imple-
mentation of the DB project through the implementation of lean construction, and the
possibility of deeper factors influencing DB practices in LC implementation experienced by
the participants. Next, the data was classified based upon the lean construction dimensions
found in the literature, namely high productivity and low waste. Follow-up discussions
were held with several respondents to strengthen the validity of the analysis and draw
definite conclusions.

3. Results
3.1. Research Question 1: Factors Affecting Productivity and Waste

The schematic literature review (SLR) from various prior studies focused on produc-
tivity and waste in construction projects. Meanwhile, the Delphi method was used by
attaching the results from the previous literature review schematic, grouped into clus-
ters as shown in Table 3. In Round One, the experts obtained eight factors using the
Delphi method.
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Table 3. SLR productivity and waste.

Description Factors Factors Affecting

High Productivity

• Labor productivity [25,31]
• Quality of material [4]
• Finance and payment [4]
• Construction method [4]
• Crew number and composition [25]
• Leadership skills [25,54]
• Technology usage [54]

Waste

• Slow decision-making by owner [4]
• Improper planning [4,35]
• Mistake during construction [4]
• Lack of communication between parties [4,25,35]
• Change order [4]
• Regulation [4]
• Late design preparation [4,35]
• Delay of material [4,25,35]
• Delay of approval test and inspection [4]
• Payment delay [25,54]
• Equipment availability [4,25,35]
• Skills of labor [25,35,54]
• Quality of supervision [25,35,54]
• Method of working [25,35]
• Complexity of information [25]
• Lack of leadership [25,54]
• Lack of training [25,54]
• Poor scheduling/unscheduled [25,35]
• Poor procurement strategy
• Absenteeism [4,25]
• Site acquisition [25]

3.2. Delphi Method Round One: Affecting Factors in Lean Construction (RQ2)

During the first round of the Delphi method, nine experts were questioned about
the factors affecting lean construction implementation in a construction project. A lit-
erature review schematic was also delivered to the respondents as a reference. Experts
were requested to identify a minimum of seven factors that have the most effect on lean
construction. The result of this first round produced a mapping of the most influential
factors affecting lean construction, as shown in Table 4.

Table 4. Classification of factors.

Classification Criteria

Quality of human
resources

Labor productivity and skills, supervision and
leadership skills, absenteeism, lack of training, crew

number and
composition

Engineering Scheduling, design, improper planning,
poor procurement, technology usage

Payment Lack of payment or delays
Construction method Method of working, equipment

Regulation Regulation

Quality of communication Lack of communication, late response, delay of approval
test and inspection, complexity of information

Quality of supplier/subcon Equipment, delay and quality of materials
Environment Environment, site acquisition
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Table 5 shows that experts have suggested additional factors necessary for achieving
lean construction. These factors include compliance with government regulations, project
organizational structure, stakeholder participation, budget control and effectiveness, build-
ing information modeling applications, the establishment of long-time partnerships, and
risk sharing.

Table 5. Results of Delphi Method Round One.

No. Factors Percentage of Experts

1 Quality of human resources 11.1%
2 Engineering 14.3%
3 Payment 6.3%
4 Construction method 7.9%
5 Regulation 1.6%
6 Quality of communication 11.1%
7 Quality of supplier/subcon 4.8%
8 Environment 6.3%
9 Compliance with government regulation 4.8%
10 Organizational structure of project 3.2%
11 Stakeholder participation 4.8%
12 Budget control and effectiveness 4.8%
13 Building information modeling application 4.8%
14 Long-time partnerships 11.1%
15 Risk sharing 4.8%

3.3. Delphi Method Round Two: Refining Affecting Factors (RQ2)

Based on the results of Delphi Method Round One, the experts were presented with
the criteria for categorizing the factors as either very important, important, or not important.
The results of Round Two are shown in Table 6.

Table 6. Results of Delphi Method Round Two.

Factors

% Experts Who
Stated Very

Important and
Important

Very
Important Important Not Important

Quality of human
resources 100% 44% 56% 0%

Engineering 100% 33% 67% 0%
Payment 100% 33% 67% 0%

Construction method 100% 33% 56% 11%
Regulation 89% 22% 56% 22%

Quality of communication 100% 44% 56% 0%
Quality of

supplier/subcon 100% 33% 67% 0%

Environment 56% 11% 44% 44%
Compliance with

government regulation 100% 22% 78% 0%

Organizational structure
of project 44% 11% 33% 56%

Stakeholder participation 100% 11% 89% 0%
Budget control and

effectiveness 100% 11% 78% 0%

Building information
modeling application 67% 0% 67% 33%

Long-time partnerships 100% 11% 78% 0%
Risk sharing 44% 0% 44% 56%
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Table 6 shows that the percentage of experts who answered “important” and “very
important” for organizational structure and risk sharing was less than 50%. Therefore,
these two factors are perceived to have less effect on lean construction implementation in
construction projects.

3.4. Delphi Method Round Three: Utility of Affecting Factors (RQ2)

During the third round of the Delphi method, the experts revisited factors that had an
effect greater than 50% in order to identify suitability. The experts provided an average
rating for these factors. An average more significant than 50% was considered suitable for
mapping the most influential factors in lean construction implementation for six projects.
A scale of one to five was used, with the numbers representing low and high suitability,
respectively. The results of the third round of the Delphi method are shown in Table 7.

Table 7. Results of Delphi Method Round Three.

No. Factors Suitability

1 Quality of human resources 3.89
2 Engineering 3.67
3 Payment 3.89
4 Construction method 4.11
5 Regulation 3.33
6 Quality of communication 4.44
7 Quality of supplier/subcon 2.78
8 Environment 3.89

9 Compliance with government
regulation 3.67

10 Stakeholder participation 3.44

11 Budget control and
effectiveness 3.00

12 Building information
modeling application 2.67

13 Long-time partnerships 2.67

Table 7 shows that the factors suitable for lean construction implementation are
communication quality and construction method. However, 13 of these factors met the
criteria (2.5) of having a suitability rating greater than 50%.

3.5. Research Question 3: Empirical Study Project

Six projects were analyzed to understand the influence of the factors in practice when
identifying the effectiveness of lean construction implementation in the field. These project
analyses aimed to evaluate the success of lean construction strategy implementation in
Design and Build (DB). The data characteristics of the projects are stated as follows.

Table 8 shows the nationally distributed building projects with a value of over IDR
100 billion. The progress reports for these six projects included evaluations of project
duration based on the existing schedules. Figure 3 compares the planned and actual
durations of the projects.

Table 8. Characteristics of projects for research.

No. Title Value (IDR Billion) Location

1 DB “A” 200 DKI Jakarta
2 DB “B” 159 DKI Jakarta
3 DB “C” 265 Bukit Tinggi, West Sumatra
4 DB “D” 293 DKI Jakarta
5 DB “E” 145 DKI Jakarta
6 DB “F” 265 East Kalimantan
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In Figure 3, DB projects A and B experienced delays in completion due to COVID-19,
affecting the project productivity and increasing overhead costs. However, lean construc-
tion helped prevent higher deficits, showing controlled milestone schedules and innovative
work methods across all six projects. This innovation is precious for large-scale DB projects
exceeding IDR 100 billion, ensuring efficiency and maximizing benefits. In addition,
Figure 4 shows that DB A and B experienced losses in planning and actual project value.

Figure 4 shows incurred losses of DB A and B of 2% and 3%, respectively. This
marked a significant increase in trend compared to prior projects, some of which had
experienced losses of approximately 10% due to delays. Therefore, the implementation
of lean construction in projects offered long-term benefits. Basic improvements related to
project communication from the initiation phase enabled the early detection of problems.
Furthermore, improvements in planning and scheduling during the engineering phase led
to more comprehensive project management. Compliance with government regulations,
such as the ministry circulars General Infrastructure, enhanced project security for future
investigations. Suppliers were invited and partnered with based upon their track records
of previously conducted projects, thereby contributing to a project’s success.
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4. Discussion

The conclusion drawn from RQ1 and RQ3 is that implementing lean construction
in government Design and Build projects is affected by 13 factors. In addition, Table 9
shows the factors affecting the implementation of this construction process in government
projects in Indonesia. The analysis of Table 9 showed a significant difference in the factors
influencing the enactment of lean construction between government DB projects and
the implementation phase. This disparity arises from the unity between designers and
builders, causing certain factors to intersect. For example, factors such as compliance
with regulations, stakeholder participation, regulation, long-time partnerships, and subcon
quality are interconnected. The factors rely on the effective management of DB projects by
the government, focusing on project implementation and enhancing the initial phases of
the project life cycle, namely initiation and design. This section is important because design
maturity in a DB project does not have to be 100%; according to Asmar (2013) [55] 20% is
ideal. The neglect of stakeholder participation and long-time partnerships may result in
losses during delivery. Stakeholder participation is crucial for collaboratively designing
and planning project goals, while long-time partnerships ensure effective risk sharing.
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Table 9. Factors affecting the implementation of lean construction.

No. Factors References

1 Quality of human resources [3,4,7,8,25,35]
2 Engineering [3,4,7,8,25,35]
3 Payment [3,4,7,8,25,35,56]
4 Construction method [3,4,7,8,25,35]
5 Regulation [4,23]
6 Quality of communication [3,4,7,8,25,35,38]
7 Quality of supplier/subcon [3,4,7,8,25,35]
8 Environment [3,4,7,8,25,35]
9 Compliance with government regulation [4,23]
10 Stakeholder participation [57–63]
11 Budget control and effectiveness [56,64,65]
12 Building information modeling application [47,66–69]
13 Long-time partnerships [58,59,62,70–74]

Adhering to government regulations is essential in Indonesia, especially given the
inspection of the implemented budget by the authorities. The implementation of lean
construction must comply with procurement regulations and any restrictions on additional
work, even when there is prior agreement with the owner.

A. Lean Construction

The efficient implementation of lean construction is essential for the development
of the national city (IKN) infrastructure. This study needs to be referenced for lean con-
struction implementation in IKN infrastructure projects. Meanwhile, through the mapping
analysis, it was observed that lean construction implementation was influenced by various
factors. The results of the focus group discussion (FGD) provided stakeholders with valu-
able viewpoints on the implementation of lean construction in IKN, such as the following.

• Owner: The implementation of lean construction is essential for reducing waste
and increasing productivity across project phases. By taking control of the work
carried out by contractors, including both design and construction, lean construc-
tion can improve performance in terms of cost, quality, time, safety, and environ-
ment [11,13,14,18,19,75–79].

• Contractor: Contractors play an important role in ensuring the successful implementa-
tion of lean construction in a project by overseeing the selection process of suppliers,
engineering procedures, financial management, safety protocols, and environmental
considerations. This careful oversight is necessary to ensure that lean construction
serves as a targeted strategy, providing maximum value to the project. Lean construc-
tion control must be planned with respect to the execution process of the contractors,
recognizing that the focus and benefits achieved tend to vary [2,34,38,80–96].

• Consultant (Designer): Designers play an important role in ensuring that the design
produced is compatible with lean construction practices and not vice versa. The
accuracy in preparing design optimizes the effectiveness of lean construction and
maximizes the benefits [97–101].

• Academic: It is essential to collaborate with various sectors to realize superior perfor-
mance. The lean construction method focuses on project execution as well as Design
and Build (DB) superiority, enabling control from the initiation of the design process.
Long-term partnering with suppliers is important for ensuring lasting success in lean
construction [34,38,72–74,80–82,102].
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5. Conclusions

In conclusion,

1. The implementation of lean construction strategies in projects led to improved perfor-
mance across various dimensions, including cost, quality, time, safety, and environ-
ment [2,34,38].

2. The study stated that the implementation of lean construction needed to consider
various influencing factors. These factors comprised the quality of human resources
(such as skills, management, leadership, etc.), engineering considerations (including
scheduling, planning, material schedule, tech usage, etc.), payment procedures, regu-
latory compliance, construction method, communication, supplier/subcon quality,
environmental factors, stakeholder participation, budget control and effectiveness,
implementation of BIM, and long-term partnerships [3,4,7,8,23,25,35,47,66,67,72–74].

3. Compliance with government regulation is necessary in Indonesia due to the inspec-
tion of the implemented budget. Furthermore, the implementation of lean construc-
tion should not violate government regulations related to procurement and permitted
additional work, even when there is an agreement with the owner.

4. The result of the focus group discussion (FGD) reflected that the readiness for imple-
menting lean construction in IKN government projects, particularly those of a Design
and Build (DB) type and a value exceeding IDR 100 billion, requires further investi-
gations of perceptions through quantitative methods. The expectation and readiness
need to be evaluated and clear guidelines provided for effective implementation. The
readiness for implementation includes several parties that agree to similar principles
and perceptions of lean construction in a project [2,38].
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