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Abstract

Kanban is a process management system originally developed in the automotive industry
that is migrating to other fields such as construction. This article provides a literature
review of 53 international scientific contributions that focus on the application of Kanban
in the construction sector. The content has been qualitatively analysed using ATLAS.ti

8.1 software and interpretative synthesis applied to summarise relevant findings. Kanban
has been used for supply chain management, Just In Time (JIT) implementation in
construction, and the Last Planner® System (LPS) for work management and coordination.
In addition, we have detected a progressive evolution to E-Kanban systems and their
application in Building Information Management (BIM) environments, as well as the
development of new software applications and methods. Kanban's flexibility and its

value in terms of improving the performance of construction sites is highlighted. Future
research is suggested to explore the implementation of this system in the European and
Spanish construction sector.
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Introduction

The productivity of the construction industry is lower than that of other industries (Pheng, Shang and Peter,
2016; Campoy-Mufioz and Delgado, 2020). Its characteristics include its labour-intensive nature (Ko, Wang
and Kuo, 2011), its fragmentation (Pheng, Shang and Peter, 2016), and a traditional business organisation
and management approach (Heravi and Rashid, 2018), which, according to Si, et al. (2021), presents a

number of shortcomings.

In addition, on-site production, the unique nature of projects with designs that involve assemblies of
varying specifications, and the complexity, derived from multi-organisational timing, unique dynamics and
a high degree of regulation, differentiate the construction sector from manufacturing industry (Paez, et al.,
2005; Salem, et al., 2006). If these characteristics are combined with inclement weather, a lack of equipment,

a shortage of labour and a low level of productivity, errors, reworking, a lack of quality, safety risks, a lack
of understanding of the project and processes involved, and delays in supplier deliveries, the result is that
these projects are subject to a great deal of uncertainty (Salem, et al., 2006; Guo, et al., 2013; Tezel and

Aziz, 2017; Si, et al., 2021; Xing, et al., 2021). The effects include cost overruns, significant wastage of
time and materials, and the inability to meet schedule milestones (Guo, et al., 2013; Mahfuth, et al., 2020;
Schimanski, et al., 2021).

Any construction project is usually undertaken by a number of contractors working for a general

contractor (Stragusser, 2015), as well as in a dynamic and usually crowded environment, in a sequence based

on the pre-planning of actions (Sacks, Radosavljevic and Barak, 2010; Safa, et al., 2022). It also requires a

wide spectrum of workers, including carpenters, masons, plumbers, and so on, and a growing diversity of

experts, such as architects, building engineers, structural engineers, and mechanical engineers (Demir, et al.

2012). In this context, effectively managing production by coordinating and directing the work of a large
number of professionals and work teams is a complex task (Sacks, Radosavljevic and Barak, 2010; Demir,
et al.,2012).

Today, construction companies are facing increased competition and clients are demanding lower costs,

higher quality, reduced execution times, and a more reliable schedule (Boateng, 2019). These demands are
forcing them to rethink their production methods and systems to increase value for their customers, boost

their productivity and consider their sales strategies (Perroni de Burgos and Bastos Costa, 2012; Ekanayake
and Sandanayake, 2017).

'The construction industry is, therefore, attempting to improve its performance by applying practices from

the manufacturing industry (Goh and Goh, 2019), such as the Lean philosophy. There is a trend towards

integrating this into construction projects by developing methods and applications to improve performance-
related parameters such as time, profit, productivity and workflow (Heravi and Rashid, 2018; Tezel, et al.
2020; Francis and Thomas, 2020).

'The idea of Lean Construction (LC) was introduced in the 1990s by L. Koskela, as a change to the

conventional approach to the industry, and it received a great deal of attention from companies in the
sector (Xing, et al., 2021; Francis and Thomas, 2020). It is a construction management style that minimises

waste, time and effort, by reducing variability; improving quality, reliability and productivity; increasing the
workflow and overall efficiency in terms of project delivery; and eventually leading to reduced costs and
improved profits (Guo, et al., 2013; Xing, et al., 2021; Francis and Thomas, 2020).

In their literature review, Babalola Ibem and Ezema (2019) identified 32 Lean practices applied

to construction projects, classified into four categories: design and engineering; planning and control;
construction and construction management; and health and safety management. The most commonly used
was the Last Planner” System (LPS) developed by Ballard and Howell, together with the Just In Time
(JIT) method and the Kanban system (Pellicer, et al., 2015; Xing, et al., 2021).
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'This paper presents a literature review of how the Kanban system has been applied in the construction
sector. The method, results and conclusions are presented below.

Method

Literature reviews facilitate the investigation of different approaches to the topic under study (Lage and
Godinho, 2010), identifying inputs and contributing new evidence (Tranfield, Denyer and Smart, 2003), to

provide an updated view of existing knowledge (Garcés, 2020).

‘They also allow the integration of findings and perspectives from different empirical works (Snyder,
2019), facilitating a synthesis that helps to construct new conceptual models (Snyder, 2019), as well as
enabling other researchers to consult the cited bibliographic sources (Gémez-Luna, et al., 2014).

'The article presents an overview of the literature on how Kanban and related techniques have been
applied in the construction sector, collating the information in a structured way to add value by describing
the application of this Lean technique (Van Wee and Banister, 2016).

'The research protocol is a synthesis of several suggested standards and guidelines for literature reviews
(Snyder, 2019), comprising the following steps (Nightingale, 2009; Vieira de Carvalho, Denis Granja and
Gomes da Silva, 2017; Snyder, 2019; Caldera, Ryley and Zatyko, 2020; Garcés, 2020):

Define the objective of the review and the research questions;
Select the databases;

Define keywords and search criteria;

Establish practical inclusion and exclusion criteria;

Conduct the search for articles;

Review those selected;

Apply the snowball sampling technique;

Analyse; and

Report the results.

W 0N R Db

"The objective is to learn how the Kanban system, developed in the automotive industry, has been applied
in the construction sector. To achieve this, the following research questions were posed, identified by the
letters RQ, followed by a number (Torres-Carrién, et al., 2018):

* RQ-1: What are the characteristics of the Kanban system?
* RQ-2: How has the Kanban system been applied in the construction sector?

'The databases Web of Science, Scopus, ScienceDirect and ASCE Library were selected (Rother, 2007;

Van Wee and Banister, 2016; Vieira de Carvalho, Denis Granja and Gomes da Silva, 2017; Caldera, Ryley
and Zatyko, 2020), complemented by the Google Scholar meta-search engine (Van Wee and Banister,

2016).

The search was carried out using keywords and search equations formed by keywords together with

logical operators, established according to the subject (Gémez-Luna, et al., 2014; Tranfield, Denyer
and Smart, 2003). The terms used were the following: “Kanban” AND “Construction,” “Kanban” AND
“Construction Management;” “Kanban” AND “Project Management” and ““Kanban” AND “BIM.”

Inclusion and exclusion criteria were applied based on the content of the title, abstract and keywords

(Hepplestone, et al., 2011; Caldera, Ryley and Zatyko, 2020). We included papers from blind-reviewed
conferences because these allow us to know the state-of-the-art (Rivas Tovar, 2011; Sanchez Ruiz, Blanco
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Rojo and Pérez-Labajos, 2013). The exclusion criteria were: (1) The article was outside the scope of the

construction industry; (2) it was not written in English or Spanish; or (3) it did not address the Kanban
system and the construction field together (Vieira et al., 2017).

A total number of 63 documents met the inclusion criteria; however, after analysis, only 42 presented
content related to the research objective.

In the analysis phase, the full articles were read and independent judgements were made with the
most useful papers for the topic being selected (Gémez-Luna, et al., 2014; Wnuk and Garrepalli, 2018).

In addition, the snowball sampling technique was applied to obtain new references and complement the

sample (Hepplestone, et al., 2011; Vieira de Carvalho, Denis Granja and Gomes da Silva, 2017; Garcés
2020) with papers directly related to the aspects most relevant to the research objective (Gémez-Luna, et al.
,2014).

According to Wohlin (2014), this technique refers to the use of an article’s reference list or citations
to identify additional articles to include in the literature review. It can be applied in two ways: forward

snowballing involves finding citations for an article (Van Wee and Banister, 2016); while backward

snowballing involves using the article’s reference list to identify new papers to include (Wohlin, 2014; Wnuk
and Garrepalli, 2018). In this study we used backward snowballing, selecting articles that met the inclusion

criteria (Wohlin, 2014). Hence, 11 more references were added in the analysis phase.

'The articles were analysed qualitatively using the ATLAS.ti 8.1 software, by open coding the content
describing the characteristics and practices related to the Kanban system (Lappi, et al., 2018). An
interpretive synthesis was applied during the reading of the articles, and narrative was used to summarise

the methods and key findings (Greenhalgh, et al., 2009).

Results and discussion

THE KANBAN SYSTEM

Kanban is a subsystem of the Toyota Production System in the automotive industry (Jang and Kim, 2007;

Lage and Godinho, 2010). “Kanban”is a Japanese term meaning “visual card” or “sign” (Jang and Kim, 2007;
Kanai, et al., 2021) and it acts as a work order that must be present for a particular task to start (Jang and

Kim, 2007). It is used to provide information that regulates production, so that each process on a production

line extracts only the quantity and type of components it requires, producing what is needed, when it is

needed (Boateng, 2019; Tapase, 2019).
To help the reader, “Kanban” written here with a capital letter refers to the system and “kanban”, with a

lower case letter, refers to the cards.

Kanban management is a tool for transmitting information and/or recording information. It can involve
a board or a card, which has the basic function of recording production information, passing on work

instructions and avoiding waste (Bi and Jia, 2016).

The original Kanban system was a JIT control system, but it does not have to be applied only to JIT
production (Zeng, et al., 2019); for example, it also allows information to be passed between members
of a project team (Jang and Kim, 2007). The system involves the use of an inventory control card or a
sign for inventory at the project site. This ensures an effective inventory and proper record keeping in the
construction project (Babalola, Ibem and Ezema, 2019).

In a Lean manufacturing environment, Kanban is a visual control system that acts as a material flow

mechanism (Khalfan, et al., 2008; Lage and Godinho, 2010). The Kanban strategy has five main tasks: order

placement, product ordering, product procurement, shipping and replenishment (Kanai, et al., 2021).
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'The Kanban system is designed to be a scheduling system that controls the flow of production in real
time, establishing what to produce, when to produce it and how much to produce (Pheng, Shang and Peter,
2016; Zeng, et al., 2019). Its application allows inventory levels to be controlled and reduced; the production
and supply of components and, in some cases, raw materials to be controlled; overproduction to be
eliminated; flexibility to be increased; continuous flow to be created; and costs to be reduced by eliminating
waste (Khalfan, et al., 2008; Lage and Godinho, 2010; Ko, Wang and Kuo, 2011).

"The system is highly adaptable, as demonstrated by its application to the industrial sector (E1 Abbadi
et al., 2018), software engineering (Ahmad, et al., 2018) and the construction industry (Arbulu, Ballard and
Harper, 2003). In industries associated with the construction sector, Ahmad, et al. (2018) looked at how

implementing a JIT and Kanban system could improve performance in the production of industrialised pre-

cast concrete building system components, and Lu, Olofsson and Stehn (2011) studied the development of

a production system for prefabricated wooden houses.

As mentioned, the Kanban system is linked to the Lean concept of JIT (Salem, et al., 2006), which
considers that inventories do not add value and should be treated as waste (Paez, et al., 2005). The method

for achieving JIT production is based on a pull system, in other words, a system that always adjusts

production to demand (S, et al., 2021).

‘The JIT production organisation system allows for the rapid delivery of materials, information, or any

element required by a project to the point of use (Babalola, Ibem and Ezema, 2019).JIT is used in the LC

with positive results (Guo, et al., 2013; Goh and Goh, 2019). By using a Kanban system, the production

process is transformed into a pull system. Kanban also allows the transmission of information, material
usage instructions and production instructions, helping to control the flow of information and material
(Guo, et al., 2013).

One of the goals of JI'T is to ensure production levelling so that a fluctuation in demand can be met

by the correct sequence of products with minimum batch sizes (Salem, et al., 2006). Determining the
appropriate Kanban size and storage level therefore requires substantial planning, as specifying incorrect
values could result in the over- or under-delivery of materials (Goh and Goh, 2019).

‘Three categories of cards, or kanban, are used in the Toyota Production System (TPS) (Ko and Kuo
2018):

* Production: used between the finished goods warehouse and the production line to initiate production
in the system.

* Material withdrawal: used by the workers to retrieve the parts they need from the warehouse. The item
and the corresponding number of pieces to be withdrawn are recorded.

* Signal and management: here the Kanban is a static board placed in the production area on which two
types of cards are placed: one with information for the workers or project participants, and the other

ShOWiIlg management data.

According to Qiaolan and Bin (2021), a Kanban system applied to construction cannot completely
replicate the classification configuration and operation mechanism of the Kanban used in industrial

production management. It must combine with construction management features to develop a system that
considers the architectural characteristics (Qiaolan and Bin, 2021).
Other types of cards were found in the review, with functions similar to the categories established in

the TPS, depending on how the Kanban system is implemented. For example, Arbulu, Ballard and Harper
(2003) use a supply kanban, which transmits a material replenishment signal to external suppliers. It can

also be used to communicate information on safety aspects of construction work (Tezel and Aziz, 2017).
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Tapler (2014) includes the kanban cards that are prepared and delivered to site managers, including
during the project plan creation phase, when the detailed scheduling of operations takes place. He also
proposes using a kanban card as a tool to record completed work (Tapler, 2014). At a conceptual level, the
kanban signal itself does not necessarily signify a card; it could be a flag or other object that has an agreed
meaning (Tapler, 2014).

Jang and Kim (2007) propose using Kanban as a work order to manage the production process and as a

tool to control the construction process, where work should not start without the appropriate kanban. These

cards have three functions (Jang and Kim, 2007):

* 'The ordering kanban. Sent by a controller from the office to the engineer responsible for the on-site
work, including: type of work, work identification number, person responsible, quantity, location, start
and completion dates, resources required, unresolved constraints, prerequisites and follow-up work,
special requests for the work, and safety information.

* 'The receipt kanban (linked to the ordering kanban). Sent by the on-site engineer to the work
controller in the office, it includes the same information as above, plus a box to verify the work
completed, plus another for the actual date of completion and the reasons why the work was not
completed on time. It is used to calculate performance measurements for production processes and
progress payments.

* 'The auxiliary kanban is used to include additional work and delays. It is issued based on the weekly
work plan, but is sometimes issued for additional work commissioned by the owner. These are
necessary as no work can be started without the appropriate kanban.

Perroni de Burgos and Bastos Costa (2012) use two types of kanban or cards in the construction phase

of buildings. One for the production and transport of the materials produced on site, such as cement

mortar, and one for the transport of materials not produced on site, such as bricks and ceramic tiles (Perroni

de Burgos and Bastos Costa, 2012). The kanban card must contain the necessary data on quantity, time
and place of delivery, providing the necessary information on the product or material to produce and/or

transport, thus avoiding overproduction (Perroni de Burgos and Bastos Costa, 2012).
Other ways of adapting and using the Kanban system have also been described (Jang and Kim, 2007;

Moreira Barreto and Heineck, 2012; Valente, Brandalise and Formoso, 2019). For example, applying it to

manage the flow of materials on construction sites (Tapler, 2014; Moreira Barreto and Heineck, 2012), or to

implement a continuous flow in formwork construction, reducing the mould inventory (Ko and Kuo, 2018).

Several papers describe its use as a visual management system for handling information on a construction

site (Tezel, et al., 2015; Valente, Brandalise and Formoso, 2019).

Arbulu, Ballard and Harper (2003) outline the following strategy: (1) the materials must be transported
through the supply network as needed to the work site; (2) the materials, in adequate quantities, must

arrive on time at the right place; (3) the supply network delivers the best value to the customer; (4) the
necessary measures are taken to minimise vehicle movements on the site; and (5) all necessary measures are
implemented to increase the reliability of the on-site work flow (Arbulu, Ballard and Harper, 2003).

When implementing a Kanban system in the construction supply chain, it is recommended that the
periodic Kanban batch size is determined based on the short-term demand forecast (Zeng, et al., 2019).
'This batch size is determined by the flow of extracted material (Zeng, et al., 2019), and affected by supplier
capacity and the availability of suitable vehicles to transport the material to the construction site (Paez,
etal., 2005).
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In addition, to implement a Kanban approach, there must be adequate storage space on the construction
site (Zeng, et al., 2019). Once the initial batches of material arrive on site, their consumption can be
recorded in real time, and discrete demand can be reported using kanban cards (Zeng, et al., 2019).

THE KANBAN SYSTEM AND LAST PLANNER® SYSTEM (LPS)

Some studies have indicated that the Kanban system is related to LPS (Paez, et al., 2005; Rybkowski,
2010; Modrich and Cousins, 2017; Schimanski, et al., 2019; Xing, et al., 2021). LPS delivers a planning,

monitoring and control system that follows Lean principles, such as pull planning (similar to Kanban), just-
in-time delivery, and Value Stream Mapping (VSM) (Sivaganesh and Ratnayake, 2018).
In their case study, Xing, et al. (2021), report that LPS was used for planning and scheduling, while

Kanban was used as a visual tool to display detailed weekly and daily schedules (Figure 1). Through the
information provided by Kanban, task specifications and sequences are clearly visible to the workers and/or

the ultimate planners (Schimanski, et al., 2019). The objective of using both techniques is to reduce variation
and improve project workflow (Xing, et al., 2021).

In Figure 1, from the Takt Time planning, using a Kanban board, the 4-week forecast, the weekly plan
and the daily meetings are interconnected (Xing, et al., 2021). Some authors propose a 6-week forecasting

interval (Jang and Kim, 2007). Advance and weekly work plans inform subcontractors about the activities to

be completed, therefore functioning like kanban cards in manufacturing (Paez, et al., 2005).

The weekly meeting allows the progress made in the preceding week to be analysed and the plan for
the following week to be presented, classifying each activity according to different disciplines, such as civil
engineering, mechanics, electricity, plumbing, and so on. In this way, the LPS principle is applied: the
construction plans should be established by the construction staff as the ultimate planners, thereby ensuring
their involvement in the generation of the project schedule (Xing, et al., 2021).

'The stand-up meeting, or szum, is a fundamental element in the operation of the LPS and Kanban
systems, as it strengthens the communication between managers and construction personnel at the
operational level (Xing, et al., 2021). It should take place in a large room located in a site hut or office, with
sufficient space to accommodate the participants, the so-called “Big Room” or Obeya in Japanese (Erazo-
Rondinel, Vila-Comun and Diaz, 2020). The Kanban board should be placed on one or more of its walls
to facilitate viewing and collaborative planning (Pellicer, et al., 2015; Pons Achell and Rubio Pérez, 2019;
Erazo-Rondinel, Vila-Comun and Diaz, 2020).

The members of the Lean Construction Management group should meet at the end of each day to

review the status of the day’s activities and discuss any issues identified on site. Problems to be solved
within the week are recorded by means of sticky notes attached to the Kanban moving time chart. Different
coloured post-it notes can be associated with the various disciplines (Xing, et al., 2021).

E-KANBAN

Industry 4.0 is based, among other things, on cybernetic systems, sensor systems, and the Internet of

Things (IoT), resulting in an evolution toward electronic production systems (Boca and Isitan, 2021). The

effect on the traditional Kanban card system has been its evolution towards electronic Kanban production
systems (E-Kanban) taking advantage of the new technologies provided by the industrial revolutions
(Boca and Isitan, 2021). Hence, E-Kanban is a variation of kanban cards with only one modification, the

physical signal is replaced by electronic ones (Lage and Godinho, 2010; Gayakwad and Attarde, 2022). The
production system that controls the flow of material between workstations uses an electronic signal (Boca

and Isitan, 2021).
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Figure 1.  Components of LPS and Kanban system, and the relationships between them

(Source: Xing, et al., 2021. Own elaboration)

E-Kanban can also store the kanban card information and use the user interface to display its

information. It does not change the theory of traditional kanban, but does improve its accuracy and

implementation speed (Guo, et al., 2013).

'There are various types of E-Kanban systems. One of these is applied in the design phase for project

coordination (Modrich and Cousins, 2017). The tool displays each designer’s tasks in several horizontal

columns or rows. The Kanban board is digital, such as those provided by a number of different software or

online programmes, like Trello, LeanKit, KanbanFlow and JIRA (

Modrich and Cousins, 2017). Digital

Kanban boards have the benefit of attaching information, knowledge or decisions to the kanban, which

can be archived and accessed later, without losing the knowledge gained during the design (Modrich and

Cousins, 2017). A digital Kanban board provides the project manager with a variety of metrics to help

interpret and manage the flow of team activities (

Modrich and Cousins, 2017).

E-Kanban approaches applied to supply chain management can comprise electronic signals obtained

through barcode scanning, or the use of RFID systems, which allow real-time information to be sent to the

supplier (Son, et al., 2010;

Goh and Goh, 2019; Gayakwad and Attarde, 2022). To implement this system,
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an agreement must be reached with the manufacturer or supplier, who will send the material or equipment
to the construction site based on the actual on-site consumption (Barkmeyer and Kulvatunyou, 2007).

E-Kanban can also be implemented through mobile apps, using smartphones and apps that allow kanban
operations to be implemented at construction sites, although these typically lack the necessary Information

Technology (IT) system infrastructure needed to manage an online inventory (Tapler, 2014).
Guo, et al. (2013) propose using several types of E-kanban. The transmission system sends information

between different locations, for example, the material requisitioner sends order information to the material
supplier; the production system transfers information between different related workplaces; the temporary
one transmits information between different locations or workplaces in case of emergency. The feedback
kanban facilitates the feedback of information between the above E-kanban systems, considering the

circumstances prevailing on the construction site (Guo, et al., 2013).

E-Kanban is often compared to physical cards (Guo, et al., 2013; Tapler, 2014), but has advantages such
as: increasing the transparency and visibility of the system (Goh and Goh, 2019; Boca and Isitan, 2021);

improving the traceability of movements in the system and facilitating real-time information gathering

and feedback (Guo, et al., 2013; Boca and Isitan, 2021); managing a larger number of materials (Boca and
Isitan, 2021); helping to improve dealings with suppliers and evaluating supplier performance (Lage and

Godinho, 2010); eliminating the problem of distance between production operations (Lage and Godinho,

2010); reducing the waiting time in the replenishment process (Tapler, 2014); improving production
efficiency and quality (Guo, et al., 2013); facilitating the use of computers or the cloud to increase the

amount of information stored in the database (Guo, et al., 2013; Tapler, 2014); minimising errors in terms of

information sent and avoiding card losses (Tapler, 2014); and reducing the amount of company paperwork
(Lage and Godinho, 2010).

'The disadvantages of implementing E-Kanban include the need for an I'T infrastructure, as well as the

impossibility of physically viewing the board with the cards (Tapler, 2014).

KANBAN AND BIM

'The digitalisation of industrial production through the Industry 4.0 concept may be the key to increasing
productivity in construction. Building Information Modelling (BIM), as a means of digitally representing
the physical and functional characteristics of buildings and the data provided in this way, represents the
initial transposition of Industry 4.0 into the construction field (Schimanski, et al., 2019). BIM has become

an essential approach for making project processes more fluid, transparent and integrated (Schimanski

etal.,2019). LC and BIM can both be regarded as concepts and tools designed to reduce waste, improving
building efficiency and increasing their value (Bi and Jia, 2016).

Considering the environment in which construction takes place, with multiple subcontractors involved,

BIM-based user interfaces are ideal tools for providing process transparency (Sacks, Treckmann and
Rozenfeld, 2009). Furthermore, visualisation is a fundamental element in Lean and BIM (Bi and Jia, 2016)
and, in turn, visual management with Kanban systems improves communication between stakeholders

(Guerriero, et al., 2017).

An immediate application of a Kanban system can be found in the development of a BIM model for
a project. The BIM workflow is based on each modeller’s input in their respective discipline (architecture,
structure, MEP engineering) (Lucena, Villena and Reyes, 2020). This system is similar to software
development, where the work of each developer can be summarised on a visual card, the workflow being
regulated by means of a Kanban board (Anderson, 2010). Lucena, Villena and Reyes (2020) found Kanban

to be useful for controlling and managing MEP information for its incorporation into BIM.

The implementation of Kanban in BIM systems has given rise to various procedures and software. Zeng,
et al. (2019) proposed a method for designing and implementing Kanban batches in the supply chain using
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BIM systems or tools. Sacks, Radosavljevic and Barak (2010) specified the requirements for implementing

an LPS-based BIM-enabled extraction flow construction management software system named “KanBIM”.
'They also proposed a number of requirements for BIM-based Lean-related production management
systems such as the following: visualisation of processes, products and methods; calculation and visualisation
of work packages and task maturity; support for planning, negotiation, commitment and status feedback;

establishment of pull systems; workflow stabilisation; and possibility of continuous improvement. According

to Guerriero, et al. (2017), KanBIM is an example of a 3D BIM model linked to Kanban.

These authors also proposed the LPS stages for 4D BIM programming and developed the Smart
Construction Planner tool that supports collaborative planning according to LPS (Guerriero, et al., 2017).

Sticky notes are digitised so that the last planners can use them on multi-touch devices for process planning.
In addition, a mobile app is available for managing constraints as well as production planning and control
tasks (Schimanski, et al., 2021).

The Visilean® software package is a computerised translation of the KanBIM™ tool and is adapted to

production, site and project management to control scheduling using Lean Construction and interaction
with BIM. The model incorporates the task schedule from the first actions at the construction site to the

commissioning and handover of the building, as well as the 3D model for visualisation (Kanai, et al., 2021).

Schimanski, et al. (2021) proposed a BIM-based production management system, characterised by a
theoretical integration model for BIM and existing construction management techniques, as well as a

method for applying these concepts in practice. This production management system, known as BealM!, is a
fusion of Lean and BIM (Schimanski, et al., 2021). It includes the so-called Digital Process Kanban (DPK),
in which kanban cards are created by the last planners using the BeaM!-App installed on their smartphones

and transmitted to the digital BeaM!-Board to be used to plan the cooperative phase (Schimanski, et al.
2021).

Conclusions

'This review shows how the Kanban system has been successfully migrated from the automotive industry to

the construction sector.

Kanban’s versatility allows it to be applied to the management and control of the entire construction
process, both in the project development phase and in the material supply and execution phases.

Kanban is perfectly integrated into LPS, resulting in a useful tool for scheduling and coordinating the
agents and companies involved in the implementation of the work units involved in the construction project.

It can also be used as an independent LPS tool to manage the construction process.

The development of E-Kanban opens up a new field of application in construction. Combined with the

Internet of Things it will facilitate an evolution towards concepts and techniques related to Industry 4.0.

'The progressive implementation of BIM in the construction sector may encourage the perception
of Kanban systems as useful tools. Proof of this is their eftectiveness in terms of coordinating the team
members involved in the development of BIM models.

Although software applications have been developed to implement Kanban systems using BIM, more

research is needed to develop a recognised procedure that covers all expected Kanban needs.

Based on the results of this study, the following research questions are proposed: to what extent is
Kanban being used in Spanish and European construction companies? What characteristics do these have,

how are they using it, and what obstacles and facilitators have they encountered?
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