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Abstract 

 Lean construction and Construction 4.0 are two 

prominent concepts challenging traditional practices 

in the construction industry. The continuous increase 

in competition and the demand for more efficient 

project delivery with less waste is pressuring 

construction companies to adopt these concepts. Body 

of literature have discussed the benefits of each 

separately, however, very few have discussed the 

interaction effect between them. Therefore, using 

literature, this paper investigates the impact of 

Construction 4.0 technologies on the eight types of 

Lean Construction waste. To achieve the research 

objective, the eight types of waste and the seven 

Construction 4.0 technologies were first defined. 

Then, A two-dimensional matrix was generated using 

54 research articles to visually represent how each of 

the seven Construction 4.0 technologies can eliminate 

certain types of waste. While the impact of 

Construction 4.0 on waste elimination varies among 

the technologies, it can be concluded that 

Construction 4.0 supports Lean waste elimination. 

Future research should investigate the relationship at 

different phases of the project including design, and 

operation. Also, it should investigate additional 

technologies. 
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1 Introduction 

The traditional construction management system is 

characterized by a high level of waste resulting in low 

productivity, cost overruns, and delays [1]. As a legacy 

industry, researchers and practitioners started a journey 

to change the status quo and find a better management 

system to improve the construction industry. Inspired 

innovations in manufacturing, Lean Construction 

emerged as a new paradigm that challenges the 

traditional approach to construction. According to [2] 

“Lean is a way to design production systems to minimize 

waste of materials, time, and effort to generate the 

maximum possible amount of value ”. 

The Lean philosophy started to be adopted by the 

construction sector in the mid-1990s as a new approach 

to improve productivity and eliminate activities that do 

not add value for the customer, thus reducing and 

eliminating waste[3]. [4] defined waste as the inefficient 

use of equipment, material, and labor that results in the 

overutilization of resources needed to construct a facility. 

[5] offered a generic definition stating that waste is what

can be eliminated, including activities, resources, and

rules, without reducing customer value.

According to [6], 68% of the time is wasted on non-

value adding activities, resulting in poor construction 

project performance. [1] added that 90% of onsite tasks 

fall under two types of activities: non-value adding and 

non-value adding but required activities. [7] showcased 

that the non-value adding activities consume 9.4% of the 

project budget, leading to budget overruns. Researchers 

have well documented that waste, in all of its forms 

hinders, project workflow, lowers productivity, and 

increases overall project cost  [8]. Therefore, it is crucial 

that practitioners and researchers identify where 

improvements are needed in the construction processes 

in order to minimize the sources of waste, and thus, 

eliminate waste. 

Taiichi Ohno, chief engineer at Toyota, identified the 

following seven types of waste in production in 1988: 

defects/rework, overproduction, waiting, transportation, 

inventory, movement/motion, and over processing [9]. A 

few years later, Womack and Jones added the eighth type 

of waste, non-utilized workers talent [5]. Researches 

noted that identifying and defining different types of 

waste in construction  is a strategy to eliminate them [9]. 

As Lean continued to gain momentum in the 

construction industry, manufacturing was undergoing 

another major transformation through the fourth 

industrial revolution (Industry 4.0). [10] defined Industry 

4.0 as “a new technological age for manufacturing that 

uses cyber-physical systems, Internet of Things, Data and 

Services to connect production technologies with smart 

production processes”. The core of this revolution is 

based on connectivity and interaction between machines 

and humans through different technologies: Robotics, 

Augmented Reality, Simulations, The Cloud, Big Data, 

Internet of Things, Cybersecurity, Additive 

Manufacturing, horizontal and vertical system 

integration [11]. 

Building on the gains of Industry 4.0, construction 

researchers began to investigate the potential of Industry 

4.0 in construction, and as a result, the concept of 
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“Construction 4.0” emerged to encompass emerging 

technologies [12].  

While various research efforts have discussed how 

Industry 4.0 technologies can increase and support Lean 

manufacturing effectiveness by eliminating waste [13], 

research has not yet explored the connections between 

Construction 4.0 and Lean construction and how it can 

be leveraged to eliminate waste. Therefore, this paper 

investigates how the Construction 4.0 technologies can 

help eliminate construction waste. To achieve the 

research objective, a comprehensive literature review 

was performed using 65 papers that discusses the eight 

types of wastes in Lean Construction and the different 

Construction 4.0 technologies. Next, a matrix was 

developed based on the research corpus to map the 

interactions between the two variables and showcase how 

each of the Construction 4.0 technologies assists in 

reducing wastes at the construction phase.  

2 Literature Review 

2.1 Eight Types of Waste 

The eight-waste taxonomy was identified by [5][14] 

for manufacturing, and then later, was adopted by other 

industries including healthcare, financial, IT, and 

services [9].  

Various studies attempted to expand Ohno’s list of 

waste. For instance, [15] identified information waste as 

the loss of talent, capabilities, and behavioral waste. The 

authors also considered the “failure to speak and listen” 

as the greatest waste of construction. [16] suggested 

another type of waste known as “making do” which 

occurs when a task has started without its predecessors 

being ready. The author also noted that “making do” is 

the most critical type of the construction industry. 

Given that Ohno’s seven types of waste and Womack 

and Jones’s eighth waste are the most discussed in the 

body of knowledge, the matrix presented in this paper is 

based on Ohno’s taxonomy while taking into 

consideration the peculiarities of construction.  

Construction waste as derived from literature are 

known as (DOWNTIME): 

• Defects/rework: it refers to the incorrect work that

needs to be repaired, reworked, or replaced. This

type of waste covers a major spectrum of

construction problems including repair work, work

defects, and retesting tasks [17].

• Overproduction: it is the process of fabricating

material too early, ordering extra material, or

delivering activities too early, thus, creating idle

periods [17].

• Waiting: it occurs when crews wait for long-lead

items to arrive, or due to unrealistic schedules, or

when prerequisites are not ready [9][18]. 

• Non-Utilized/Unused talent: it refers to non-

utilized employee talent and skills [5].

• Transportation: it refers to the unnecessary

transportation of people, tools, equipment, or

products. It involves unnecessary transportation

from the site to the material laydown area [18].

• Inventory: it refers to the excess storage of material

on-site or at the fabrication yard, work in progress,

and unused tools.

• Movement/Motion: it refers to unnecessary

movement of workers within construction site [19].

• Extra/Over-processing/Unnecessary work: it

refers to doing things that need not be done, or

excessively performed, for example, excessive

training time, excessive use of equipment, long

approval process which will not add a value to a

process [17].

2.2 Value and Waste 

[20] thoroughly discussed the concept of value and

waste in construction and highlighted the importance of 

identifying customer(s) value before proceeding with any 

efforts to minimize waste. In addition, the author 

explained waste elimination cycle and how the efforts to 

focus on waste elimination alone could lead to the 

creation of additional waste and not necessarily lead to 

delivery of customer value. On the other hand, [21] 

highlighted the challenges in identifying and delivering 

value since it is dependent on the type of customer(s), 

which in many cases could lead to conflicts to identify 

which is more valuable such as choosing between 

comfort and cost. 

2.3 Construction 4.0 

Inspired by Industry 4.0, the term “Construction 4.0” 

emerged in the 21st century construction research corpus 

[12]. Current research highlighted the lack of a consensus 

on a single formal definition for Construction 4.0 

[12][22][23]. However, various authors and 

organizations attempted to define it. For instance, the 

European Industry Construction Federation (FIEC) 

defined Construction 4.0 as the counterpart of Industry 

4.0 in the Architecture, Engineering & Construction 

(AEC) industry and it refers to the digitalization of the 

construction industry [24][25]. While the definition of 

Construction 4.0 varies among different researchers and 

organizations, there is agreement that the adoption of 

Construction 4.0 will shift the construction process, 

organizations and project structures from a fragmented to 

an integrated state [25].  
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2.4 Construction 4.0 Technologies 

A review of the literature identified a wide set of 

Construction 4.0 technologies. This paper focuses on 

seven of the most frequently discussed Construction 4.0 

technologies [23], namely: Integrated Building 

Information Modeling (iBIM), 3D printing (3DP), 

Artificial Intelligence (AI), Augmented Reality (AR), 

Virtual Reality (VR), , Drones, and Robotics.  

To understand the impact of Construction 4.0 

technologies on different types of construction wastes, it 

is important to first understand and define the 

technologies. Therefore, a brief introduction to these 

technologies is provided. 

• Integrated Building Information Modeling 

(iBIM) is considered the higher level of traditional 

BIM that is integrated and fed by information from 

different technologies via the cloud [26]. 

• 3D Printing (EDP) is the process of creating a 

complex, physical 3D object from a CAD model. 

This technology is being used in different industries 

including healthcare, automobile, as well as the 

construction industry on mainly small and medium-

sized scales [27][28]. 

• Artificial Intelligence (AI) is the simulation of 

human intelligence processes by machines [29]. 

Machine learning is considered one of the 

components of AI where a machine learns from a 

set of data using statistical methods.  

• Augmented Reality (AR) is a data publishing 

platform that allows the user to display information, 

engage and interact with the published content, and 

collaborate with others in real-time from remote 

locations [30]. 

• Virtual Reality (VR) is a computer-generated 

simulation in which a person can interact with 

artificial 3D objects with the aid of a 360-degree 

visions headset [31].  

• Robotics are machines that can perform or replicate 

human actions. Currently, they are being used in in 

the vertical construction sector [32]. 

• Drones are unpiloted small sized aircrafts that are 

remotely controlled. In recent years, their use in 

construction has been on the rise for various 

applications such as surveying and progress 

monitoring [33]. 

It is important to note that while each of these 

technologies has its own attributes, iBIM is considered 

central to the digitization of the construction industry and 

in achieving Construction 4.0 integration [34]. Although 

this paper investigates how each Construction 4.0 can 

eliminate construction waste, the authors recognize that 

Construction 4.0 is not about an individual technology, 

but rather the integration of various technologies. . While 

the matrix presented next is two-dimensional, the 

connectivity between Construction 4.0 needs to be 

considered to get a full read of the impact of Construction 

4.0 and construction waste.  

3 Methodology 

To achieve the research objective, a literature review was 

performed using Google Scholar to identify papers that 

showcase the implementation of Construction 4.0 

technologies mainly in the construction phase of the 

construction project. The reviewed documents included 

articles, company reports, and conference proceedings. 

Moreover, the search looked for words in the title, 

abstract, and keywords of the articles, such as 

“technology”, “iBIM construction”, “Drones 

Construction”. Furthermore, the results were restricted to 

English language, limited to 2021-2017 with some 

exceptions to highly cited papers. 

4 Construction 4.0 and Construction 

Wastes Interaction Matrix 

The search resulted in a total of 54 research papers 

related to Construction 4.0 technologies  that were 

reviewed, analyzed, and mapped onto a matrix as shown 

in Figure 1. The top row represents the eight types of 

waste and the first column lists the different seven 

Construction 4.0 technologies. Examples of the 

interactions presented in the matrix are briefly discussed 

in the next sections. 

4.1 Integrated Building Information 

Modeling (iBIM) 

iBIM is considered the core for Construction 4.0 

implementation and it plays an essential role in providing 

a medium of communication between different 

technologies supported by Internet of Things and Big 

data [12][22][23][34]. Although the term “BIM” is 

mentioned in the selected papers, the applications 

reviewed and discussed in this work refer to iBIM 

because they showcase the implementation of an 

advanced form of BIM which communicates with 

different types of technologies via active cloud links. For 

instance, [35] showcased an iBIM and RFID workflow 

use-case which improves material flow processes where 

the aggregated collected information helped in creating 

short-term look-ahead plans that assisted in minimizing 

inventory, improving construction workflow, and 

minimizing waiting, defects, and material transportation. 

Having a proper material management and tracking 

system benefits the overall construction process, and 

minimizes overproduction and over processing.  [36] 

presented how iBIM can be used to implement a digital 
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Lean construction management system. As a result of this 

implementation, the construction team were able to 

utilize the potential of digital pull planning and the model 

data, to perform accurate resource planning, and make 

decisions on site based on the performance data collected 

via different handheld tools. This study showed how 

iBIM plays an important role in minimizing 

overproduction, over processing, inventory, 

transportation, movement, and waiting. Additionally, the 

implemented tool helped enhancing the construction 

team decision making skills.

Figure 1- Construction 4.0 technologies and Waste Interaction matrix 

4.2 3D Printing (3DP) 

Different research papers have showed the positive 

effects of using 3DP in construction either through 

simulation or Value Stream Mapping [28][37] or by 

showcasing real projects physically [27][38][39]. 3DP 

helps in minimizing unnecessary movement, waiting, 

transportation, and inventory, by using less material 

inventory and workers [27][39]. In addition, the 

technology minimizes traditional concrete defects like 

honeycombing because it doesn’t require the use of 

frameworks. Moreover, defects that may occur while 

printing can be easily spotted and treated before printing 

another layer [37][38]. Furthermore, 3DP reduces 

overproduction and over processing because the speed of 

printing can be controlled [40][41]. Furthermore, 3DP is 

help to build more talent among workers because it 

pushes them to learn new technical digital skills [27][39]. 

4.3 Artificial Intelligence (AI) 

AI is considered one of the core technologies for 

Construction 4.0 [22][23]. The current application 

derived from literature mainly focused on safety 

improvement and inspection [42][43][44][45]. When 

spotting unsafe workers behavior, AI could alert 

operation center which allows to prevent injury and as a 

result prevent defects, and waiting [45]. In addition it can 

be used for various inspection applications which will 

help to detect defects and the proper intervention required 

which will help in minimizing transportation, over 

processing, and movement [43][44]. Also [46] 

showcased how AI can be used to minimize inventory 

and  highlight long lead items that needs attention, in 

addition to detecting any potential future risks, whether 

environmental, legal, or financial by analyzing the 

material suppliers’ data. Finally, [47] showcased how AI 

can minimize over production by optimizing project 

duration and properly levelling the project resources. 

4.4 Augmented Reality (AR) 

[48] showcased how AR can be used with BIM for

on-site safety management to help workers visualize 

danger spots and proactively avoid potential accidents, 

thus, eliminating possible defects that might occur due to 

accidents, waiting, and unnecessary movement. The 

author added that the technology can be used to fetch 

model data and superimpose it on the real-world 

environment to inform better decisions that can help in 

quality inspection and lower approval times, and 

eventually reduce over processing. [49] demonstrated the 

use of AR to provide construction personnel all the 

information needed to perform the work (drawings, 
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material type and availability) which leads to reduction 

in overproduction, inventory, and unnecessary 

transportation of materials and equipment on site. It is 

worth mentioning that in all the reviewed papers, there 

was a consensus that AR enhances workers skills, 

decision making, and safety [48][50][51]  

4.5 Virtual Reality (VR) 

[50] demonstrated the use of VR to train workers on 

operating various construction equipment such as cranes 

and excavators. The training allows workers to safely test 

different scenarios before performing the work on site, 

thus, enhancing workers talent and judgment. 

Understanding the risks and limitations in training also 

assists in minimizing other types of waste during 

construction such as unnecessary movement, over 

processing, transportation, and defects. Similarly, [72] 

presented how VR can be used to train young wood 

carpenters. The results of this study suggested that VR 

training is more efficient than traditional video training 

and helps trainees to better understand the process and its 

perquisites, which results in reductions in defects, 

waiting, over production, and over processing. 

4.6 Drones 

[78] presented various applications for drones in 

construction such as surveying and structural inspection, 

progress monitoring. The authors also discussed the 

integration of drones with AR to create real virtual scenes 

that can enable construction managers and teams to plan 

material and worker flow on site, in addition to 

identifying any potential risks, thus, minimizing rework, 

overproduction, over processing, waiting, movement, 

and transportation. Furthermore, [74] demonstrated how 

drones can be utilized to improve construction workflow 

and safety which will help to minimize over processing, 

over production, waiting, transportation, movement, and 

defects. 

4.7 Robotics 

[83] presented painting robotic applications in 

construction that aim to improve the construction process 

and its productivity, reduce site congestion, and lower 

operation time, all while delivering better quality. The 

technology is also perceived to reduce safety risks 

associated with work near edges or at high places. It can 

be thus concluded from this work that robotics can reduce 

waste such as defects, overproduction, over processing, 

waiting, transportation, and movement. Additionally, [87] 

demonstrated how robotics and AI can be integrated to 

perform earthworks in a dam project to accurately detect 

the compaction quality of the rockfill materials in real-

time and asses the compaction quality of the entire work 

area to provide feedback on the poorly compacted areas 

in order to help crews to make corrective actions. This 

application highlights the potential of robotics to 

minimize defects, overproduction, over processing, 

waiting, transportation, and movement.  

5 Discussion and Limitations 

Based on the literature and the resulting matrix, it can 

be concluded that the implementation of Construction 4.0 

technologies helps in minimizing the eight types of waste 

in construction. The analysis also showed that some 

technologies have more potential to reduce waste than 

others. For instance, iBIM was shown to minimize all 

types of waste, while Robotics which does not have 

interactions with all eight wastes, specifically it doesn’t 

impact inventory non-utilized talent. While the level of 

interaction between Construction 4.0 and waste varied, in 

general, different technologies had an impact on at least 

six types of waste.  

The matrix proposed in this paper is theoretical and is 

based on the 54 reviewed papers and only seven 

Construction 4.0 technologies. Moreover, as noted earlier, 

the two-dimensional matrix does not clearly show the 

connectivity between the various Construction 4.0 

technologies. Research limitation can be summed up by 

the number of papers which represent a sample of the 

current research related to implementation of 

Construction 4.0 technologies. Additionally, the waste 

discussed in this paper are mainly wastes encountered on 

the jobsite during the construction phase. Other phases of 

the project life-cycle such as design and operation have 

not been discussed.  

6 Conclusions  

This research aimed to study the relationship between 

Construction 4.0 and Lean Construction by investigating 

the impact of Construction 4.0 technologies on reducing 

construction waste. Implications of seven Construction 

4.0 technologies on eight types of waste were identified 

through a thorough review of 54 articles. A two-

dimensional matrix was generated to visually represent 

how each of the seven Construction 4.0 technologies can 

eliminate certain types of waste. While the impact of 

Construction 4.0 on waste elimination varies among the 

technologies, it can be concluded that Construction 4.0 

supports Lean Construction and waste elimination. 

Future research can address the limitations of this work 

by analyzing other Construction 4.0 technologies and 

their connectivity, considering other phases of the 

construction lifecycle such as design and facility 

management, and conducting prototypes or applications 

that specifically showcase the implications of 

Construction 4.0 on waste.  
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