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ABSTRACT 

Recent years witnessed an increase in the use of Additive Manufacturing, or 3D printing, in the construction 
industry. This is attributed to the promising results that 3D printing can present to the industry including, but 
not limited to, building customized and complex architectural shapes, integrating more ecological materials and 
improving sustainable performance in construction projects, and improving productivity and safety in these 
projects. To maximise its benefits and reach its full potential, 3D printing processes have to be investigated, 
analysed, and continuously improved.  

Lean theory has presented ways to improve the management of operations and processes in manufacturing, 
construction and other areas. It enables collaboration and reduction of waste, waste minimisation and a lean 
approach to construction. It is essential to the process of optimising and transforming the construction sector. 

The current study aims to examine how lean theory can improve construction 3D printing processes. This is by 
identifying the lean wastes that may affect the production system during the implementation of construction 3D 
printing processes. For this purpose, a review of the literature related to 3D printing and lean implementation is 
conducted. As a result, a list of expected wastes in 3D printing processes is suggested.  
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INTRODUCTION 

Construction needs are immense. Cities are having difficulty of renewing their buildings, even though their uses 
have changed considerably and the need for energy, environmental and health performance, as well as comfort, 
is stronger than ever. However, faced with this considerable demand, production has never been so difficult. 
Studies on the weakness of productivity gains in the construction sector are old and yet they remain relevant. 
Construction is widely criticised for its lack of productivity, poor safety conditions, poor quality, delays and 
poor environmental performance. In addition, the pace of technical progress in construction is low. The last 
invention to really impact the construction sector was in 1949 with the invention of the first mobile tower crane 
by Hans Liebherr.  
The changes needed in this industry should be in practices, management methods and ways of thinking. 
(Albalkhy and Sweis, 2019). There is no one innovative mode of construction in opposition to another deemed 
obsolete. Nor is there a foreign model to copy. On the other hand, there are very significant upheavals, 
particularly in the geographical location of added value, jobs and players, which may arise from the 
generalisation of these practices. Although the French construction industry has shown its capacity to modernise, 
the challenge ahead is considerable. This challenge is to know how to combine tradition with modernity, to 
change the approach to construction so as to make it more fluid and flawless, and to introduce the sobriety 
essential to the renewal of materials and the elimination of waste. 
 
This article therefore proposes to analyse the potential link between a new technology for construction 
represented by 3D printing and the deployment of lean theory adapted to construction. The question is whether 
it is possible to recycle waste and reduce waste through 3D printing and the lean method. 



 

 

The 3D printing and additive manufacturing are used interchangeably to refer to the "process of assembling 
materials to fabricate objects from 3D model data, usually layer by layer, as opposed to subtractive 
manufacturing methodologies. (ASTM, 2009). The term first appeared in the writings of Japanese researcher 
Hideo Kodama in the 1970s and the first commercial 3D printing machine was developed by Charles Hull who 
patented the stereolithographic manufacturing system. Since then, 3D printing has evolved from the production 
of small prototypes to the mass production of manufactured parts for different purposes and in different fields. 
(Sini et al., 2020b). 

The construction sector witnessed a late and very slow adoption of 3D printing since the first large-scale 
construction 3D printer was developed in the late 1990s by Pegna (Žujović et al., 2022). The main components 
of the 3D printing system are the design, materials, and process. The 3D printing process is based on software 
and hardware integration as shown in Figure 1. The software part is based firstly on the modelling of the object 
(using software such as AutoCAD, Solid Works, or others), then exporting the model to another software to 
identify the dimensions of the layers (slicing), and then generate a G-code program file to be read by the printer 
and print the object. The hardware part is composed of a printer (gantry or robotic) that is connected to a material 
delivery system; this system includes a mixer, pump, and hose pipe to deliver the materials to the nozzle head 
to deliver the materials in the shape of additive layers. The hardware part also includes a controller to control 
the printer and pump according to the design (shape, size, etc.) of the printed object. 

 

Figure 1. The process of 3D printing for the construction industry (Paul et al., 2018). 

The use of 3D printing can bring several benefits to the construction sector. For example, 3D printing offers 
architecture and designers a great deal of freedom in designing creative and customised forms that are not always 
possible in conventional buildings. It also saves more than half of the design and construction time, making it 
very suitable for building quick shelters in case of disaster or war... (Schuldt et al., 2021). In terms of cost, 3D 
printing normally requires a high investment, but it saves on the costs of material handling, overproduction, 
human error, formwork and so on.  

As a social and health issue, the 3D printer transforms jobs. It is useful because it eliminates the manual 
formwork stage, regardless of the complexity of the shapes. The 3D printer also needs supervisors who control 
the work of the machine and supply it with material. Engineers and technicians are also needed who can design 
the 3D plans to be built and use the software. So new trades have to be created, adapted to both men and women. 
3D printing introduces a human and social dimension insofar as it makes it possible to improve working 
conditions and prevent possible health risks and risks of discomfort (Krimi, Lafhaj and Ducoulombier, 2017; 
Lafhaj et al., 2019; Olsson et al., 2019; Romdhane, 2020; Schuldt et al., 2021) . THowever, these benefits have 
to be weighed against the reduction in employment opportunities. (Dixit, 2019; Olsson et al., 2019; Schuldt et 
al., 2021) 

Time issue, 3D printers reduce manufacturing time. Opening up fast and personalised markets, any request for 
creation, even in small numbers, can be realised in record time without increasing production costs. In a matter 
of hours or even days, prototypes can be made using this technique, whereas it used to take months. Printing 



 

 

complex shapes will be faster with the 3D printer than with current methods. Depending on the manufacturer's 
wishes, the printing will be done either in the factory for greater safety, or on site, which would save even more 
transport and/or installation time.  

3D printing also has many benefits for improving environmental performance in the construction sector due to 
its contribution to reducing greenhouse gas emissions, reducing waste, saving raw materials, reducing transport 
operations and saving energy. Many researchers have presented the principles (e.g. Lafhaj and Dakhli, 2018) 
that summarise the benefits of 3D printing based on three main categories as shown in Figure 2; input data, 
conversion process and output data.  

Despite its many advantages, 3D printing has not shown its full potential in the construction sector. Although 
3D printing is gaining popularity in the sector, it is still at the research and development level, limited to a small 
number of teams and applied in small-scale projects (Dixit, 2019; Schuldt et al., 2021). This is due to several 
challenges faced by this technology in the construction sector, including printability, constructability and open 
time of materials, scalability, ability to print large buildings, high capital costs, lack of skilled workers, low 
levels of standardisation and redundancy, and cyber security risks. (Olsson et al., 2019; Romdhane, 2020). 

The main reason that has limited the development of this technology is that it has not been accompanied by the 
change in the building system that surrounds it. The arrival of a new machine must be linked to a strategic 
reflection on the optimisation of processes. This is what the lean philosophy can bring to the construction sector. 

 

Figure 2. The 10 principles of 3D printing. 

 

Indeed, the philosophy of lean, which has been introduced in the manufacturing sector, can help improve 3D 
printing processes by identifying and eliminating non-value-added activities (waste) and avoiding allocating 
resources (time, money, human resources, etc.) to these activities. Rooted in reality, the lean approach starts 
with the work of the moment while keeping in mind the final delivery of the product and the initial requirement 
of the desired quality.  

In the following sections, we present the synergies between 3D printing and lean thinking, and how the two 
concepts can be integrated. 



 

 

SYNERGIES BETWEEN LEAN AND 3D PRINTING IN CONSTRUCTION 

The main principles of lean are identifying the value, mapping the value stream, creating flow, establishing pull, 
and working for continuous improvement (Womack and Jones, 1996). The value that can be provided in the 
production system is a core concept in lean thinking and it should govern all the practices in the system. 
Therefore, lean researchers and practitioners stressed that lean implementation should understand how the value 
streams between the different activities in any system and then improve the activities that add value and eliminate 
those that do not. Accordingly, lean literature distinguishes between three main types of activities; adding value 
activities (should be continuously improved and optimized), non-adding value activities or wastes (should be 
eliminated), and necessary non-value adding activities (wastes that are very difficult to be eliminated but should 
be improved). The lean wastes are defects, motion, waiting, transportation, excess processing, overproduction, 
inventory, and non-utilized talents (shown in Table 1). 

 

Figure 3. Research Objectives. 

The current study uses the concept of the value and the elimination of non-value-adding activities or wastes to 
study the synergies between lean and 3D printing in construction. This is by understanding how 3D printing can 
contribute to the achievement of lean principles in construction projects (i.e. delivering value and waste 
elimination) and how lean in turn can help in improving 3D printing processes by identifying the wastes and 
eliminating them (as shown in Figure 3). 

To achieve this objective, a literature review was conducted, in which the search was using the following 
keywords: lean AND (wastes OR waste OR “value-adding activities” OR “non-value adding activities”) AND 
(“3D printing” OR “3D print” OR “three-dimensional printing” OR “additive manufacturing” OR “additive 
construction”) AND (“construction” OR “building” OR “buildings” OR “built environment”). The results of the 
search showed that the main focus in the literature was on how 3D printing can eliminate lean waste, and only 
a few studies covered the contribution of lean to the improvement of 3D printing processes.  

How 3D printing can eliminate lean wastes 

Many authors and researchers agree that 3D printing has a significant role in eliminating lean wastes in 
construction when it is compared to conventional building methods (Rouhana et al., 2014; El sakka and Hamzeh, 
2017; Ghobadian et al., 2020; Hamzeh et al., 2021; Khan and Leicht, 2022): 

The first reason why 3D printing is “leaner” than the conventional ways of construction is due to the differences 
in materials management in the two systems. 3D printing requires only a limited amount of materials that are 
necessary for the printing process and the materials move directly from the mixers to the hosepipe and the printed 
object. This means that there is no need for unnecessary inventory in form of unnecessary areas for materials 



 

 

storage, work-in-progress, or storage areas for final products. This also helps to decrease the waiting time for 
materials handling and transportation and achieve Just-in-time (JIT) principles. 

 

 

Figure 4. Impact of 3D printing on lean wastes in the construction (Lafhaj and Dakhli, 2018) 

 

Waiting time is also reduced due to the reduction of inactive time needed for curing concrete, formwork time, 
setup time to produce different types of items, and supply lead time for materials and equipment delivery and 
transportation, in addition to the reduction of waiting for tools and labours movement and intervention. Figure 
4 shows how 3D printing helps to avoid lean wastes in general, and waiting wastes in particular due to the 
avoidance of logistics problems and simplicity and stability of the production system social ecosystem.  

3D printing also offers opportunities for error-proofing applications and the removal of defects. This is due to 
the possibility of noticing the defects in an easier way than that in conventional construction where defects are 
invisible due to the forms. The detection of these defects helps to avoid wasted time for repair and rework. 

Additionally, as 3D printing is done by one crew and one printer (in most cases), it helps to minimize the 
movement of labours, machines, materials, and equipment. Consequently, it helps to decrease transportation and 
motion wastes.  Furthermore, due to automated production, 3D printing helps to decrease over-production and 
excess processing wastes. Figure 5 summarizes some of the factors that help to eliminate waste in the 3D printing 
systems as found in the reviewed studies. 



 

 

 

Figure 5. Factors help to reduce wastes in 3D printing processes 

Lean wastes in 3D printing processes 

Although 3D printing can help in achieving lean principles and delivering higher value to the client, many non-
value-adding activities may occur in the 3D printing processes (Groneberg et al., 2021, 2022). The most apparent 
type of wastes that can happen in 3D printed buildings or building components is defects. According to Sini et 
al (2020a), 3D printing is still immature to guarantee the quality of the final printed object and is still unable to 
eliminate the wastes of defects. 

Many factors affect the quality of the printed object such as the materials properties, print speed, layer thickness, 
layer time, print path, nozzle shape, size, and standoff distance (Schuldt et al., 2021). For instance, with regard 
to print speed, too slow printing would result in reduced bonding between the layers, while too quick printing 
would prevent the development of the layer’s strength that is needed to carry the new layer. 

Concerning the materials, despite the great focus on materials in the construction 3D printing literature, there 
are still no codes or standards for the tests needed for 3D printing materials (Schuldt et al., 2021). The lack of 
these codes raises some questions regarding the wasted materials, number of defects, and even safety of the 3D 
printed buildings. So far, many characteristics affect the printability of the materials and differ from one place 
to another; for instance, what can be printable in hot areas may not be printable in very cold locations in the 
world. This increases also the risks of waiting wastes. Offsite printing might be one of the effective solutions to 
solve this problem, but it may present some limitations regarding the design and size of the printed object. In 
offsite printing, defects may also occur during the transportation and installation of the object. 

Defects may also appear in the design model due to the lack of proper communication and collaboration (e.g. in 
the shape of rework) or just like any other design process in the shape of revisions, deviation from customer 
requirements and need, or damaged, lost, or incomplete files. Defects in the automated printer (robot or gantry) 
are another serious problem that may face the 3D printing process; especially when there is only one printer that 
cannot be easily fixed or repaired.  

Waiting wastes are one of the most frequent wastes in conventional construction methods. Similarly, waiting in 
3D printing can occur for many reasons, and normally it can be connected to defects. For instance, defects that 
may happen in the printer would result in waiting wastes for maintenance and spare parts. Knowing that 3D 



 

 

printing can be a suitable solution for remote areas and areas affected by unusual events such as wars and 
disasters (Schuldt et al., 2021), the impact of waiting might be very serious. 

Waiting for wastes are also possible due to the additive process due to the need for quality measures and control. 
As mentioned above, defects during 3D printing are easier to detect than those in the conventional or manual 
construction methods; however, the occurrence of these defects requires hinders the continuity of the work. 
Repairs, measurements, and retesting would result in idle machines or crews and delays in the processes. 
Another example of waiting waste is the idle nozzle due to the concrete solidification in the pipeline (Rouhana 
et al., 2014). 

 

Figure 6. Categories for lean waste sources in the 3D printing processes. 

Non-utilized talents can be noticed when there is a lack of expertise in dealing with the 3D printing system. This 
might result from the lack of standardised printers in the market and the lack of skilled workers. The robots that 
are currently on the market cannot be modified by the company that purchased them. To meet specific demands, 
the company must therefore call on another 3D printing company to subcontract or buy a new robot and train its 
staff to use it. The lack of standardisation and redundancy in the work may also cause more waiting wastes. 

Similar to any other production system, other types of wastes may appear in the 3D printing system due to 
several reasons. For instance, clashes between the different stakeholders can result in delays or defective design; 
a non-optimal printing path might be the reason for unnecessary motion and defects; and unreliable logistics 
system in the on-site and off-site printing (for raw materials, components, final product…etc.) can produce 
inventory, overproduction, transportation, and waiting wastes. Figure 6 shows the categories for lean waste 
sources in the 3D printing processes, and in Table 1, we show some examples of lean wastes in these processes 
based on the definition provided by El Jazzar and Nassereddine (2021). 

Table 1. Examples of lean wastes in 3D printing processes. 

Category Definition 

(El Jazzar and Nassereddine, 2021) 

Examples in Construction 3D Printing 

Defects Defective product, unacceptable quality, 
rework/repair/replacement is needed 

Defective layer  

Defects while objects/parts transportation 



 

 

Design error/redesign 

Unprintable materials 

Defects in robot 

Motion Unnecessary movement that does not add value Non-optimal path for printing 

Waiting Delays or wasted time while waiting for a 
machine, product, labour, action, decision, 

information…etc. 

Waiting for maintenance 

Waiting for design information/decision 

Waiting for quality measurement 

Waiting for wearing personal protective 

equipment 

Idle machine/crew (e.g. due to concrete 

solidification in the pipeline)  

Meetings with no decisions 

Transportation Movement of materials or equipment that does 

not add value 

Transportation of spare parts 

Sending components back and forth between 

different sites 

More components or workers need to be brought 

to the site 

Excess 
Processing 

Unnecessary steps in the production/ produce 
something is not valued or required by the client 

Post-processing due to the defects 

Overproduction Producing too much or too early/ ordering too 

much materials 

Overdesign  

Early preparation of mortar 

Pre-installation 

Too late/too early printing 

Too much flow through the printing head 

Inventory Excess storage of materials/WIP/unused tools Lost files 

More mortar than needed 

Non-Utilized 

Talents 

Non-utilized crew and skills Lack of skilled workers in the crew 

 

The lean theory has presented several tools to improve performance in construction processes and projects. In 
dealing with wastes, Hannis Ansah et al (2016) classifies lean construction tools into three main categories: 

- Waste detection tools: such as value stream mapping (VSM), construction process analysis, Muda walk, 
and spaghetti diagram 

- Waste processing tools: such as 5 Why, Pareto analysis, and Fishbone diagram (or Ishikawa diagram) 
- Waste response tools: such as 5S, Last Planner Systems (LPS), work standardisation, check sheets, Just-

in-time, A3 problem solving, visual management (VM), and others. 

Companies and practitioners in the construction of 3D printing projects can use these tools to identify and 
remove the wastes. An example of the use of these tools is the integration between VSM, 5Why, and A3 problem 
solving; in which a current VSM can be used to map the value stream during the 3D printing processes, then 
based on the 5 Why and A3 problem solving, actions can be made to develop and apply future VSM to improve 
the performance in the processes. 

Nevertheless, lean is not a set of tools, rather, it is a philosophy that is based on delivering value for the client, 
respect for people and partners, creating flow, problem-solving and continuous improvement, and collaboration. 



 

 

Therefore, the implementation of the tools is not enough and the commitment to the principles of lean is what 
can help to improve 3D printing processes. 

CONCLUSION 

It is vital that the construction sector succeeds in its transformation towards sobriety and reduces its carbon 
impact. 3D printing and lean thinking are among the most important concepts that can revolutionise the 
construction sector and produce more stable and reliable production systems in the sector. Both concepts can 
benefit from each other to improve the performance of construction projects. 3D printing can help eliminate 
much of the expected waste when compared to conventional construction methods. Lean construction can affect 
3D printing processes by providing opportunities for continuous improvement of these processes. From our 
point of view, improvements will come in the reduction of additional waste such as waiting times, unnecessary 
travel, poor quality resulting from execution errors, problems with storage, transport of materials, 
overproduction, overquality using too much material, mismanagement of skills and loss of creativity and team 
spirit. The current study raised some examples regarding the integration of these two concepts. Nevertheless, 
this study is a conceptual study that should be supported by real-case examples from construction projects. 
Future studies can examine specific cases of 3D printing, which will help to identify more wastes and provide 
more opportunities to maximize the performance in construction 3D printing projects. 
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