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Abstract

Construction is a crucial industry that drives a nation's economic growth, yet it often faces inherent challenges related to
productivity and waste generation. Lean Construction (LC) has emerged as a promising approach to address these
challenges. However, despite its success in various construction projects, some gaps in the practical adoption of LC hinder
its widespread practitioner uptake. Therefore, to close the gap, the objective of this study is threefold: identify waste factors
of construction activities, determine suitable lean tools for project performance improvement, and assess the impacts of
the implementation of lean tools on project completion time and costs. A toll road project in Indonesia was investigated as
the case study. A combined research method was employed by administering a questionnaire survey to pertinent project
participants, conducting in-depth interviews, and analyzing relevant documents to achieve these objectives. This study
discovered 15 non-value-added (NVA) activities that can be eliminated to enhance overall project performance. Most of
these activities can be accommodated using coordination and collaboration, while some require a more comprehensive
approach, including standardization, the Five S, crash programs, and overlapping techniques. Implementing lean tools
resulted in a 19.17% reduction in project completion time, although it contributed to a 5.33% decrease in organizational
profit compared to traditional approaches. The findings of this study hold the potential to benefit those facing similar issues,
not only in emerging countries but also in developed economies grappling with similar contexts.

Keywords: Infrastructure; Toll Road; Project Performance; Lean Construction; Construction Waste.

1. Introduction

The construction sector has emerged as a pivotal driver of economic growth and bolstered competitiveness on a
global scale across numerous countries. Over the past decade, several nations have experienced remarkable success
through substantial progress in their construction industries. One of the illustrative examples of this phenomenon is
China, where economic growth has witnessed an exponential surge, exceeding 20 times the rate observed in the
preceding four decades. This notable growth has not only led to significant improvements in societal assets but has also
generated substantial employment opportunities for its citizens [1]. Similarly, construction in India holds a prominent
position and contributes 8% to the country’s gross domestic product (GDP). This sector has provided a higher
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opportunity in the real estate market in urban areas [2]. The dependency on construction as a cornerstone of economic
activities is not confined to any specific region; it encompasses developed countries in the Global North and developing
countries in the Global South, such as South America and Southeast Asia.

Despite the substantial advantages the construction sector can bring to a country's economic development, it is beset
by formidable challenges related to sustainability, energy production, and environmental concerns. In 2021, construction
and its associated activities will constitute a substantial 37% share of global energy consumption, impacting various
sectors [3, 4]. Furthermore, the global annual emissions of carbon dioxide (CO,) attributable to the construction sector
increased to 10 gigatons (GtCOy) in 2021, equivalent to a 5% increase from 2020 levels [3]. These numbers underscore
the construction industry's considerable environmental and efficient implications, emphasizing the urgent need for
sustainable practices and solutions.

Besides energy consumption and carbon emissions, the construction sector is also globally associated with a
significant amount of the consumption of material resources and the generation of environmental waste. This waste
category, encompassing a diverse range of materials such as concrete, wood, metals, bricks, plastics, and other
substances, collectively represents a substantial fraction of approximately 30% of global waste streams that end in
landfills [5]. The careless disposal of construction waste not only presents immediate issues regarding waste
management and landfill capacity but also highlights the sector's inefficiency in utilizing resources [6]. The issues of
resource consumption and waste production also emphasize the need for sustainable and innovative solutions in this
sector.

Numerous scholars and practitioners have tackled the construction industry’s challenges related to productivity,
energy consumption, and waste generation through various techniques, one of which is Lean Construction (LC). Derived
from the manufacturing sector, LC is a systematic approach that aims to enhance supply chains, reduce productivity
losses, standardize processes for better value, and minimize waste [7-9]. It has effectively addressed cost overruns and
delays in construction [10, 11]. Literature suggests that lean projects outperform projects with traditional approaches or
do-nothing scenarios [8]. Its focus on customer satisfaction, waste reduction, and value optimization makes LC an ideal
alternative for addressing construction challenges, especially in diverse, fast-growing countries like Indonesia.

Literature has thoroughly examined lean concepts’ utilization in the context of toll road or highway construction
projects. The focus of the study by Wu et al. [12] is to examine the application of lean management tools in enhancing
project efficiency, including the Last Planner System (LPS), Just-in-Time (JIT), and Visual Management (VM), which
establishes a relationship between the frequent use of these tools and significant gains in project performance. Pedo et
al. [13] explored the integration of lean principles with Building Information Modeling (BIM), particularly in clash
management during highway design. The research underscores potential synergies between Lean and BIM, suggesting
that using lean principles can effectively minimize waste and improve the clash identification and resolution process.

Other research by Uddin [14] examined quality assurance processes in highway construction, highlighting the
importance of cost-effective strategies and innovative testing techniques in light of the financing constraints encountered
by the government. Moreover, Nguyen et al. [15] demonstrated the effectiveness of lean concepts throughout many
project stages, including design, procurement, and construction. Aligned with them, Mohammadi et al. [16] extended
their study beyond initial construction phases, encompassing road maintenance planning and scheduling, where the
application of lean concepts plays a crucial role in minimizing non-value-adding operations and optimizing the overall
conditions of the network.

While prior studies have showcased successful LC implementation in toll road projects, practical adoption across
projects remains challenged, due to variances in the construction industry's nature among different projects and countries
[1, 17]. LC's comprehensive and complex framework can hinder immediate implementation [18—20], impeding the rapid
success practitioners envision. Therefore, to address these challenges, this study examines LC's implementation and its
impact on project performance in the context of toll road projects. The objectives of this study are outlined as follows.

o Identify waste factors of construction activities;
¢ Determine suitable lean tools to improve project performance;
o Assess the impact of the lean tools on project completion time and costs.

Indonesia’s construction sector presents a unique case, accounting for 65% of the country's primary energy
consumption [21] and generating about 4.32 million metric tons of waste in 2020 [22]. Consequently, it is crucial to
investigate further the intricacies of this sector. This study's selected Indonesian project provides a microcosmic
perspective on the broader challenges and opportunities within the nation's construction industry. By implementing LC
in this project, this study aims to investigate its benefits in enhancing overall toll road project performance and offer a
systematic model for LC adoption in similar global case studies.

The rest of the paper is discussed as follows: Section two elaborates on literature studies published by academics
and practitioners on lean practice in construction, construction waste, and the case study. Section three evaluates suitable
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methodology incorporated in the research that combines quantitative and qualitative approaches. Section 4 presents
results on the impact of adopting lean practices on the cost and time completion of the project. Subsequently, Section 5
discusses the findings of the study and its analysis compared to previous studies. The last section presents a conclusion
and recommendations for future research directions for lean construction.

2. Literature Study
2.1. Lean Practice in Construction

The lean method was first introduced in the 1990s by the architectural, engineering, and construction (AEC) sector
as a means to enhance project performance through the consideration of three key elements: transformation, flow, and
value [23, 24]. This concept has been derived from the manufacturing sector, as it has demonstrated the potential to
enhance productivity while maintaining competitive costs and minimizing waste formation throughout production
processes. The implementation of LC has been empirically demonstrated to yield substantial reductions in construction
costs, enhancements in productivity by as much as 50%, and reductions in project time by up to 25% [25-27].

While the implementation of LC may encounter challenges from the perspectives of corporations and policymakers,
such as user requirements, stakeholder willingness, educational level, customs, workforce management, project
performance, and national policies [1, 28, 29], the ability of LC to address project management concerns regarding
delays, cost performance, and quality problems has contributed to its widespread adoption in the construction sector
[30].

There are notable distinctions between manufacturing and construction in terms of volume, product, system,
automation, and needs [31, 32]. Certain aspects may be deemed unsuitable for implementation in construction projects
due to their distinct qualities. Construction projects often exhibit distinct characteristics, such as a varied working
environment, a blend of automated and manual labor, project-specific attributes, and diverse objectives set by project
owners. Hence, it is imperative to make the necessary adaptations to effectively incorporate and execute the lean concept
within the construction sector.

Researchers have identified various tools in the field of LC to aid in the decision-making process and enhance project
improvement. In their study, Babalola et al. [33] introduced a comprehensive set of 32 lean tools applicable throughout
all stages of a project's life cycle. These tools encompass a range of strategies, such as the LPS, JIT, pull
scheduling/planning techniques, visualization tools/management approaches, daily clustering/huddle meetings,
concurrent engineering, and many others. The utilization of these instruments is contingent upon the many stages of
construction, including design and engineering, planning and control, construction and site management, and health and
safety management. For example, utilizing LPS and regular clustering/huddle meetings can be considered suitable
methodologies during the design and initial stages. In contrast, JIT and visualization tools/management techniques are
commonly employed in construction and site management to attain desired outcomes and meet predetermined
objectives.

2.2. Waste in Construction

The construction industry frequently produces large amounts of waste during a project's design, build, operation,
and decommission phases. The quantity of waste in this industry is influenced by some factors, primarily those relating
to employee skills, knowledge, experiences of organizations, technical skills, machines, methods, and materials
employed on the job site. Lean practices are attempted to cope with these factors and minimize waste throughout the
project life cycle.

Within the lean production framework, waste is associated with using resources with higher added value to the
finished product [34]. The basic idea of lean production is to eliminate all types of waste to deliver the outcomes or
goods that the client or owner requires [35]. Several researchers have introduced definitions of waste and asserted that
waste is associated with any inefficiency brought on by excess equipment, materials, time, resources, labor, and costs.
This loss of material and all unnecessary activities result in additional costs but offer less added value to the end product
[7, 36, 37].

Scholars have identified waste in the construction sector that can be effectively utilized to enhance project efficiency
and meet consumer demands. The manufacturing method developed by Toyota, which was made well-known by Taiichi
Ohno, involved the classification of waste into many categories, including overproduction, waiting, transport, user-
processing, inventory, motion, and faults [38]. There is contention among some authors advocating for the inclusion of
the eighth category within the framework of production waste regarding employees. According to Womack and Jones
[39], one of the identified categories is the underutilization of employees, while Liker [40] recommended the inclusion
of unused creativity from employees as the eighth category. Both exhibit similarities regarding untapped potential among
staff members, which might serve as valuable chances for improving the project's performance.

In contrast, Bossink & Brouwers [41] proposed waste within the construction sector, delineating six distinct sources:
design, procurement, material and equipment handling, operations, residual, and others. In their study, Purushothaman
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et al. [42] proposed a novel approach to classifying waste that takes into account various factors such as manufacturing
(both in terms of production and environmental impact), non-manufacturing (including individual decision-making,
functional decision-making, cross-functional decision-making, human resources, enterprise, information technology,
and methods), as well as waste related to well-being. de Souza & Carpinetti [43] proposed the inclusion of more
comprehensive waste samples within each category, which relevant stakeholders can utilize in addressing waste-related
challenges through implementing lean practices.

2.3. Project Case Study

The Trans Sumatera Toll Road (TSTR) is a mega-project infrastructure project in Indonesia to connect the Aceh
province in the northern region of Sumatera to Lampung in the southern region. Table 1 summarizes the TSTR project
description.

Table 1. Project Description

Project Toll Road Project, Segment Pekanbaru-Dumai, Section 2 Sta. 9+ 500 — 33+ 600
Package Underpass Sta 28+150

Location Minas — Kandis Selatan

Owner State-owned Enterprise in Construction

Contract Type Unit Price

Construction Period 24 Months

Operation & Maintenance Period 24 Months since the operation

The TSTR project spans 2,704 kilometers and has 24 toll road sections. It is anticipated to be completely operational
by the year 2024. Upon its implementation for public use, this infrastructure will enhance the connectivity and mobility
of people and commodities, contributing to the region's economic activity. Given that Sumatera Island accounts for
22.21% of the nation's gross domestic product (GDP) and supports a population of over 55 million people, the
development and sustainability of regional economics and activities need to be accommodated. This research’s case
study focuses on the underpass structure of the TSTR project on the segment of Pekanbaru-Dumai, particularly the
plantation underpass (2) STA 28+150.

Figure 1 provides an intricate overview of the project within a broader geographical context. Figure 1-a gives an
understanding of the Indonesian archipelago, setting the stage for the subsequent details. Figure 1-b zooms in on
Sumatera Island, specifically highlighting the Trans-Sumatera Toll Road (TSTR) project's routes spanning northern to
southern regions. This figure also draws attention to one of the completed sections, the Pekanbaru-Dumai Toll Road.
Figure 1(c) provides a more detailed illustration of the Pekanbaru-Dumai Toll Road with five sections. This detailed
representation aids in visualizing the road's structure and complexity. Figure 1-d offers precise spatial information by
pinpointing the location of the plantation underpass (2) STA 28+150, situated within Section 2 of the Minas-Kandis
Selatan section of Pekanbaru-Dumai Toll Road.
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Figure 1. Case Study Research Area: a) Indonesia; b) Sumatera Island; c) Pekanbaru-Dumai Toll Road and its 5 Sections;
d) Plantation Underpass (2) STA 28+150
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Furthermore, Figure 2 further expands upon the project's viewpoint, offering a full perspective. Figure 2-a shows a
bird's-eye view, giving a holistic sense of the project's spatial context. Figure 2-b takes a cross-sectional approach,
enabling a closer examination of the toll road's physical dimensions and features. In Figure 2-c, the top view presents
the project's layout from an overhead perspective. Lastly, Figure 2-d offers a longitudinal section, offering insights into
the project's vertical aspects and variations along its length.
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Figure 2. Overview of the Case Study: a) Bird-eye View. b). Cross-section. ¢) Top View. d) Longitudinal Section

The total expenditure for the underpass project amounted to around US$ 900 million. The main works involved in
the project included the procurement of spinning piles, the installation of reinforcing bars, and the process of concreting,
which represented 25.3, 27.5, and 37.47% of the overall project expenses, respectively. The construction project is
anticipated to span a duration of 120 working days, commencing in November 2018 and concluding in April 2019. The
project encountered several natural hazards and challenges in procuring necessary equipment throughout the
construction. Flooding occurred on the site due to intense precipitation and the subsequent overflow of the nearby river.
Evidently, the construction management team did not effectively plan to provide sufficient machinery to address this
situation. The project delay was attributed to the influence of these two causes, necessitating an additional 30 days to
fulfill the original timeline.

3. Research Methods

The present study used a three-stage approach to achieve the research objectives, incorporating qualitative and
quantitative techniques (see Figure 3). The initial phase involved doing a desk study to acquire research criteria and
parameters for LC. A comprehensive review of the literature was undertaken to assess global instances where LC has
been effectively adopted or developed, aiming to identify any limitations specific to the context of the case study [44].

Identify, analyze
Literature Studies Vi yze,

. and eliminate
for waste activities
waste

Lean
Research

Lo Case stud construction
Objectives v X
adoption
Research variables In depth interview
Research Recommendation Lean construction
completion and suggestion analysis

Figure 3. Research flow
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The primary objective of the initial phase of this study is to examine the key activities that contribute to the successful
completion of the project. These activities, often referred to as waste activities, encompass value-added activities (VA),
non-value-added activities (NVA), and essential non-value-added activities (ENVA). The two latter activities must be
minimized to expedite project completion and trim insignificant project sequences. Literature studies revealed that waste
activities can be classified into eight categories: overproduction, waiting, transportation, unnecessary processes,
inventory, unwanted movement, defects, and underutilized human resources. This study additionally found 58 sub-
activities regarding the construction of underpasses currently under investigation.

During the subsequent phase, this study aims to identify, analyze, and eliminate waste activities through in-depth
interviews with team members who were directly involved in the case study. The study encompassed participants in
high-hierarchical positions, including project leaders and managers across engineering and operations disciplines. The
individual in question plays a crucial role in the project and possesses extensive expertise in toll road projects, both
domestically and internationally (see Table 2). The interviews were done in two distinct phases, each serving different
aims. The first phase of the interview involved identifying waste activities based on VA, NVA, and ENVA. The
objective of the second phase interview was to determine appropriate lean tools for each VA activity, thereby enhancing
project performance and reducing project delays.

Table 2. Respondent Profile

Respondents Position Work Experience (Years)
R1 Project Chief 30
R2 Site Administration Manager 12
R3 Site Engineering Manager 11
R4 Site Operational Manager 1 26
R5 Human Resource Manager 7
R6 Site Operational Manager 2 17

In the last stage, the study examines lean tools' impact on project duration and cost performance. Each construction
phase may employ various lean tools and strategies to mitigate delays, and each team member may contribute differing
perspectives on addressing these challenges. Therefore, this study considers a concession from team members to
determine the appropriate lean tools for each waste activity. The research subsequently provides projected conditions
based on some factors associated with project duration and cost. These factors encompass the project timeline, potential
delays, penalties imposed by the owner, contract value, as well as initial and additional direct and indirect costs. This
comparison aims to show the relationship between the implementation of LC techniques and their impact on project
duration and costs.

4. Results

This section is divided into three sub-sections: waste identification, lean tool identification, and the influence on
project time completion and associated costs.

4.1. Identifying Construction Activity Waste Factors

The identification of waste is generated from the input provided by individuals directly engaged in developing the
project. The participants were queried on the classification of each sub-activity according to VA, ENVA, and NVA
categories, as indicated in Table 3. The category of sub-activities was established based on the highest proportion of
respondent comments. A subsequent survey was performed to select one type of waste activity from the chosen sub-
activities. The study identified a total of 58 sub-activities, with the majority (40%) falling under the category of ENVA,
followed by VA (34%) and NVA (24%) in descending order.

Table 3. The proportion of Identified Waste

Proportion
VA ENVA NVA

Stages Sub-activities Rl R2 R3 R4 R5 R6

Shop-drawing process

Create shop-drawing 1 2 2 1 2 2 66.67 3333 -
Propose shop-drawing 1 1 1 1 1 1 100 -

) Discussion of shop-drawing 1 1 3 1 2 1 16.67 66.66 16.67

Preparation .

Approval of shop-drawing 2 1 2 2 2 1 66.67 33.33 -

Shop-drawing checklist 3 3 3 1 3 1 33.33  66.67

Archiving and stamping shop-drawing 1 3 1 1 1 3 66.67  33.33

Distribution of shop-drawing 1 1 1 3 1 3 66.67  33.33
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Supplier/subcontractors’ procurement

Checklist of supplier/sub-contractors 3 3 1 3 1 3 - 33.33  66.67
Delivery Coordination with supplier/sub-contractors 1 2 1 1 3 1 3333 66.67 -
Delivery of required materials at the site 3 1 3 3 3 3 - 16.67  83.33
Offering and negotiation of supplier/sub-contractors 2 2 1 2 2 3 66.66 16.67 16.67
Work permit proposal 2 1 2 2 2 2 66.67 3333 -
Checking installed foundation 1 1 1 2 1 1 - 83.33  16.67
Construction Reinforcement installation 2 2 2 2 2 2 100 - -
Scaffolding’s installation 2 2 2 2 2 2 100 - -
Curing and formwork uninstall 3 1 1 3 3 3 - 33.33  66.67

Note: R = respondent; 1 = ENVA; 2 = VA; 3= NVA.

There are fifteen (15) sub-activities in NV A that can be inserted into other activities. Most of the 12 activities are in
the delivery category, followed by two activities falling under the category of construction and one activity on
preparation. Four out of the eight waste categories in construction were identified from the in-depth interview. The
unnecessary processes encompass seven activities, which are present in both the preparatory and delivery stages. On the
other hand, waste construction relates to three transportation activities, while inventory is situated within two delivery
activities. The activities waiting for production and construction, as outlined in Table 4, provide a comprehensive
account of these activities.

Table 4. Type of Waste

Main Activities Sub-activities Type of Waste
Preparation Shop drawing checklist Unnecessary processes
List of material based on Bill of Quantity (BoQ) Unnecessary processes
Stamped for approved material and achieving Unnecessary processes
Checklist of supplier/subcontractors Unnecessary processes
Delivery of required materials at the site Unnecessary processes
Unloading material to the storage Transportation
Delivery Materi-al arram:;emer?t in the storage Transp.o.rtation
Updating the list of items in the storage Waiting
Preparing for reinforcement workshop Inventory
Checking workshop equipment Inventory
Loading and transporting material to the workshop Transportation
Checklist of fabricated materials at the site Unnecessary processes
Updated volume delivery to structure operator Unnecessary processes
Checking installed foundation Waiting

Construction . . .
Curing and formwork uninstall Waiting

The targeted project completion is 150 days, which has been running for 60 days (see Figure 4) for a summary of
the project duration). Without eliminating and inserting NV A into other activities, the project was extended to 180 days
or equal to 30 days of delays. As the rescheduling occurred on NV A, the project delays have been minimized from 30
to 15 days.

m Duration left m Construction progress
180 ~

Working Days
= =
[{] N [$a)
o o o

D
o
!

Contract Business as usual NVA Elimination

Figure 4. Comparison of Duration Between Each Condition
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Based on these findings, VA and ENVA must be compressed using lean tools. The VA consists of 20 distinct
activities with a duration of 36.5 days. On the other hand, the ENVA has 23 activities with a duration of 155 days. The
combined duration of both categories amounts to 191.5 days, necessitating a rescheduling to fit inside a 90-day
timeframe to align with the anticipated project completion schedule.

4.2. Determining Lean Tools to Improve Project Performance

The second round of in-depth interviews was done with the respondents to identify the most suitable lean tools for
each of the 43 activities, encompassing both VA and NVA. Ten lean tools can be utilized: standardization, the Last
Planner System, getting quality right the first time, coordination, just in time, collaboration, the Five S, prefabricated
material, crash programs, and overlap. These lean tools were disseminated to the respondents. In contrast to the waste
reduction approach from the previous section, which used the majority scenario, all lean tools provided by the
respondents were to improve identified activities.

The results of the study revealed that a selection of nine lean tools were utilized for particular activities. Various
lean tools can be utilized for some activities, while others can only be approached with a single lean tool. For instance,
the "create shop drawing" in the preparation stage is considered a component of VA. In response, respondents have
proposed the adoption of three lean tools, namely standardization, coordination, and collaboration, as means to
streamline these activities. On the other hand, "delivery of approved materials” can be accommodated through
standardization.

In general, by implementing daily meetings and monitoring protocols, most activities can be effectively managed
through interdepartmental and interpersonal coordination involving internal and external stakeholders. According to the
respondents, collaboration emerged as the second most preferred lean tool option, potentially facilitating the execution
of 15 different activities. The four lean tools, such as standardization, the Five S, crash programs, and overlap, make
comparable contributions to the resolution of various activities. The lean tools that exhibit lower levels of preference in
this case study include just-in-time, getting quality right the first time, and prefabricated material. All the tools consist
of fewer than five items. The overview of the findings is depicted in Figure 5.

40 -
35
2 30 -
o
|_
3 25 -
o
[oX
o
a 20 A
G
S
2 15 -
[
=}
Z 10 A
o ] |
Type of Lean Tools
u Standardization m Coordination Collaboration
u Get Quality right at first time  m Just in time Prefabricated material
mFive S m Crash Program m Overlap

Figure 5. Frequency of Lean Tools Proposed for Case Study
Based on the previous discussion of waste elimination and lean tools evaluation, there are some changes to the

current state map into the future state map for three activities in the preparation, delivery, and construction stages. The
future map of the three activities can be seen in Figures 6 to 9.
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4.3. Assessing the Impact of Lean Tools on Project Completion Time and Costs

Although there are various lean tools available for improving project performance, certain solutions are preferred
for their capacity to effectively reduce delays by employing a quantitative approach. One strategy employed to reduce
the time of a project involves implementing a project that crashes on a critical path. The proposed technique aimed to
enhance project productivity by augmenting the workforce with more resources. Nevertheless, the project should
consider a well-balanced equation that encompasses the allocation of additional resources, the associated costs, and the
projected timeframe for completion resulting from the implementation of this particular technique.
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Table 5. Comparison between Planning and Project Crashing

Planning Project crashing
Activities Duration  Workforce Forecasted Duration Savings  Additional Manpower
(days) (person) Duration (days) (days) (person)

Installation of foundation formwork 5 30 4 1 5
Foundation reinforcement 15 30 75 75 30
Installation of wall formwork: stage 1 8 30 5 3 10
Wall reinforcement: stage 1 16 30 8 8 30
Installation of wall formwork: stage 2 15 30 12 3 10
Wall reinforcement: stage 2 22 30 11 11 30

Total Duration Savings (days) 335

Total Additional Manpower (person) 115

This study identified six activities that can be reduced in duration from their initial planning, with timeframes ranging
from one to eleven days (see Table 5). The implementation of this key construction activity has the potential to reduce
the initial duration of 81 days to 47.5 days, resulting in a time savings of 33.5 days. However, it should be noted that
achieving this reduction would necessitate the deployment of an additional 115 workers. Overall, this strategic approach
enables a more expeditious completion within a timeframe of 4.5 days, thus fulfilling the initial contractual obligations
and mitigating the risk of any punitive measures imposed by the owner. Figure 10 presents a comparison of the duration
of work as stipulated in the contract, the actual duration, the period without NV As, and the duration after implementing
the project crashed.

180 - m Duration left

= Construction progress

150 -

120 A

Working Days
8

Contract Business as usual NVA Elimination Project Crashing

Figure 10. Working time comparison between contract and lean tools methods

The inclusion of additional resources for project crashing affected both the direct and indirect cost components. The
reduction in the duration of construction work leads to a decrease in indirect costs, although direct costs see exponential
growth due to the allocation of new resources. The present study has determined an additional expenditure of roughly
US$ 44,710 associated with the implementation of project crashing. The majority of the cost, amounting to 87.27%, is
allocated towards the workforce, while the remaining portion is assigned to equipment and materials. Nevertheless,
reducing the duration of a project can also yield cost-saving benefits in terms of workforce and equipment expenses.
The total expected savings is estimated at US$ 4.493.

This study identified three supplementary conditions, as shown in Table 6. First, business as usual, where the project
encountered delays. This condition extends the project's duration by an extra 30 days, incurring an additional cost of
US$ 32,815. While the contractual terms have remained unchanged, there has been a significant decrease in profitability,
with the percentage declining from 17.88% to 14.46%. The second condition, in which the NVA was eliminated,
presents a reduced occurrence of delays lasting for a duration of 15 days. This particular condition necessitates an
additional cost of US$ 16,407, but the profitability remains competitive at a rate of 16.17%. The last condition had a
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shorter completion time of 4.5 days than the other scenarios. The presence of both direct and indirect expenses
contributes to a certain level of efficiency. However, it is important to note that this particular scenario incurs the highest
additional cost, amounting to US$ 44,710, and significantly impacts profit by 13.69%. Nevertheless, the owner has the
authority to enforce a penalty of one per mil per day based on the contractual arrangement and may even consider
blocklisting due to inadequate project performance caused by delays.

Table 6. Comparison between Contract and Alternative Conditions

Description Contract Condition 1 Condition 2 Condition 3
Project completion (days) 150 180 165 1455
Delays (days) None 30 15 Faster
Potential penalty None Blocklist (1% per day)  Blocklist (1% per day) None
Additional costs (US$) None 32,815 16,407 44,710
Efficiency None None Indirect Direct and indirect
Profit (%) 17.88 14.46 16.17 13.69

5. Discussion

The findings of this study provide a comprehensive understanding of waste identification, lean tool identification,
and the impact of lean tools on project time completion and associated costs in the context of construction projects.

5.1. Waste ldentification

The waste identification process holds significant importance in comprehending the inefficiencies within the
construction process. Prior research has examined the identification of waste and the adoption of lean tools within the
construction sector. For instance, Ali et al. [45] proposed a project management approach to identify the cost overruns
associated with waste components. In a similar vein, Rivera et al. [46] conducted a study on 25 non-value-adding
structural engineering companies (SECs) in Chile to identify waste and suggest productivity strategies for improvement.
This study aims to explore the categorization of sub-activities further using the variables VA, ENVA, and NVA. The
utilization of this granular approach facilitates a more comprehensive comprehension of inefficiencies within the
construction process.

The input obtained from those actively engaged in the project development offers a comprehensive understanding
of the various activities involved and their categorization. The majority of the sub-activities were classified as ENVA,
signifying the presence of important activities that do not directly contribute value but are indispensable for the
successful NV A sub-activities, implying the presence of processes that might be eliminated or incorporated into other
activities to improve efficiency. The categorization of these activities into several types of waste, including unnecessary
processes, transportation, waiting, and inventory, offers a strategic framework for targeted interventions. The high
prevalence of unnecessary procedures, particularly during the preparation and delivery stages, indicates potential areas
for optimization that can result in substantial reductions in both time and expenses.

The research findings regarding waste activities across the various stages of a project's life cycle, including planning,
delivery, and construction, have corroborated the findings of prior studies undertaken by other researchers in the field
of construction waste [41-43, 47]. The findings revealed particular waste activities, such as unnecessary processes,
transportation, inventory, and waiting, significantly contributing to the project's delays and cost overruns. Reducing
unnecessary processes takes precedence, as most of these can be consolidated into other related activities. In contrast,
transportation and waiting waste are often associated with redundant activities, excessive paperwork, inadequate
coordination, and non-standardized work [48].

5.2. Suitable Lean Tools to Improve Project Performance

Lean tools provide effective strategies to mitigate the identified waste and enhance project effectiveness. Insights
into the most appropriate lean tools for different activities are derived from the feedback obtained during the second
round of interviews with the respondents. The prevalence of coordination as the preferred lean tool indicates that
improved interdepartmental communication and collaboration have the potential to enhance project efficiency greatly.
The utilization of collaboration, standardization, and the implementation of the Five S were also identified as favored
strategies, highlighting the need for teamwork, standardized processes, and well-structured workspaces.

The allocation of lean tools across various activities, such as "creation of shop drawings" and delivery of authorized
materials," presents a distinct approach to implementing lean methodologies in specific areas of the construction process.
The future state maps, which pertain to the preparation, delivery, and construction stages, visually represent the
optimized processes resulting from implementing lean tools.
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Therefore, it became evident that implementing suitable lean tools is necessary to achieve targeted objectives in
terms of timely project completion and efficient budget allocation. This research product offers practical implications
for construction organizations, advocating for the adoption of lean principles in their project development processes.
The challenges associated with a lack of knowledge about implementing lean techniques can be mitigated by establishing
collaborative efforts among relevant stakeholders. It can be achieved through many means, such as training sessions,
workshops, focus groups, and other forms of communication and distribution. This study provides systematic
recommendations for facilitating the deployment of lean construction techniques to reduce waste and increase
performance, thereby addressing the complexity associated with lean adoption. This study also demonstrates evidence
of the implementation of lean practices in developing economies, validating the substantial benefits of adopting lean
thinking observed in several countries across Europe, South America, the United States, and other regions [49-51].

5.3. Impact of Lean Tools on Time of Completion and Costs

The primary objective of applying lean tools is to improve project performance in terms of both time and cost. The
implementation of project crashing, a technique that entails augmenting more resources to expedite project completion,
has emerged as a viable resolution. Although this approach has the potential to yield substantial time efficiencies, it also
necessitates the allocation of additional resources, resulting in increased costs.

A thorough understanding of the trade-offs involved can be achieved by comparing different scenarios, including
business as usual, elimination of NVA, and project crashing. Although eliminating NVA and implementing project
crashing techniques can reduce project durations, it is important to acknowledge that these strategies are not without
their associated costs. Nevertheless, these costs might be mitigated through the possible cost savings derived from
penalty avoidance and preserving favorable standing with the project owner.

The present study aims to fill the current gap in knowledge regarding the application of lean techniques within the
construction industry, with a particular focus on the perspective of developing economies. This research
comprehensively examines waste activities and lean tool preferences, thereby providing valuable insights for enhancing
project management efficiency in similar settings. From a practical standpoint, this research provides recommendations
for construction business organizations to implement lean practices, highlighting the significance of training, workshops,
and collaboration. The results of this study offer a systematic guide for construction firms seeking to adopt lean
methodologies to reduce waste and improve project performance. This study contributes to the current theoretical
framework by offering valuable insights into the categorization of sub-activities and the impact of lean tools on project
performance. The comprehensive analyses and findings establish a foundation for further research in this field.

6. Conclusion

The construction sector, renowned for its complex processes and intricate workflows, has been a topic of examination
due to its inefficiencies and wasteful practices. This study aimed to examine the inefficiencies, categorize them, and
propose lean tools as solutions to improve the overall project performance in terms of time completion and associated
costs. The study focused on an infrastructure development initiative in Indonesia, specifically a toll road project, to gain
a deeper understanding of waste reduction strategies and the implementation of lean techniques. By employing methods
such as document analysis, expert interviews, and structured questionnaires, this study identified the predominant ENVA
activities, particularly unnecessary processes in the preparation and delivery stages, as key factors contributing to project
delays.

This study has successfully identified fifteen activities related to ENVA that are deemed redundant and should be
avoided. These activities primarily involve unnecessary processes, transportation, waiting, and inventory within the
preparation, delivery, and construction stages. Out of the ten lean tools assessed, it was determined that nine of them are
advisable for improving project performance. These recommended tools include getting quality right the first time,
coordination, just in time, collaboration, the Five S, prefabricated material, a crash program, and overlap. When
strategically implemented, these tools have the potential to enhance communication, facilitate teamwork, and promote
efficient workflows. The findings of the study revealed that the implementation of lean practices resulted in a reduction
of project completion time by 19.17%. However, it was also observed that this improvement was accompanied by a
corresponding increase in organizational costs, amounting to 5.33%.

Nevertheless, it is important to acknowledge the limits of the research. The findings of this study, which largely
focus on a Southeast Asian environment and involve predominantly national stakeholders, may not have general
applicability. Future studies should consider diverse geographical conditions, stakeholder backgrounds, and varying
policies to enhance the generalizability of the results. Despite these limitations, the study provides significant
alternatives to lean tools for construction companies seeking to enhance operational efficiency. This research paper
presents a robust framework for waste identification and implementing lean tools within the construction industry. By
effectively addressing the disconnect between theory and practice, this approach promotes the importance of ongoing
training and collaboration, propelling the industry toward enhanced performance and cost-efficiency.
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