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Abstract: With the development of new construction technology, increasing attention is being paid to
3D printing due to its construction efficiency as well as its sustainability. Numerous researchers have
determined its benefits in cost reduction, resource savings, safety assurance, etc. Although various
advantages have been identified, there are limitations and challenges in technology implementation.
Especially since it is a new construction method, 3D printing construction projects will have a very
different supply chain compared to traditional projects. As part of a research programme investigating
the 3D printing construction supply chain in a New Zealand context, this study systematically
analysed the research about 3D printing adoption and supply chain challenges in the construction
sector. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was
adopted as the guideline for literature selection. PRISMA is designed to assist researchers in reporting
the review research focus and methodology, and examining the findings from published literature.
NVivo was then adopted to code and analyse the selected publications to gather the data necessary
for our study. The literature was analysed from the perspectives of the research focus, research
methods, and findings. Studies about 3D printing implementation, benefits and barriers, as well as
its significance are also analysed. As a result, this research found existing research gaps, including
the fragmented situation of management-related research in the 3D printing construction sector,
insufficient research in top management for 3D printing construction implementation, and changes
to supply chain management practices in 3D printing construction projects. A decision support
system demo for supply chain management is drafted in this paper, which requires further study. The
research outcome highlighted the existing studies in 3D printing construction implementation and
supply chain, and initiated a research topic on supply chain decision making. The result contributes
to the theoretical and practical development of 3D printing technology in the construction industry.
This review paper also inspires future studies on supply chain frameworks and theoretical models.

Keywords: supply chain management; 3D printing; construction industry

1. Introduction
1.1. Research Background

The construction industry is transforming from traditional to technological construc-
tion methods [1], aligning with the development of technologies [2]. Digital technologies,
such as BIM, augmented reality, blockchain, and 3D printing, are being adopted in the con-
struction sector [3]. Setaki and van Timmeren [4] identified eight disruptive technologies
that may benefit the building industry and explored their potential roles across the whole
lifecycle of buildings. Through interviews and case studies, Ibrahim et al. [5] identified the
obstacles that hinder the adoption of digital software by construction consultants. Peter
et al. [6] studied holistic digital technology implementation and delivered a process that
addresses the current barriers for construction companies. Osunsanmi et al. [7] revealed a
high willingness of construction professionals to adopt new technologies for construction
projects. However, the industry has traditionally been slow to adopt new technologies,
and many technologies have not been widely adopted by construction companies [1,8].
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New construction technologies introduce uncertainty, especially when this is not maturely
applied in the industry [9]. As a result, the construction sector is one of the least automated
industries [10].

Three-dimensional printing, also called additive manufacturing (AM) technology, has
been gradually applied in the building construction industry in recent years [9,11]. The
development of 3D printing technology started in the 1980s, and has gained significant
attention since the third industrial revolution [12]. Ghaffar et al. [13] provided the benefits
of additive manufacturing to the economy, society, and the environment. They claimed
that additive manufacturing has the potential to be an eco-innovative solution for the
construction industry [13], and 3D printing technology may reduce the cost, construction
duration, and waste while improving safety, sustainability customization, quality, and
working efficiency [14]. Teixeira et al. [11] maintained that using 3D printing technology
in construction can reduce the entire cost of concrete by 35-60%. This technology can
optimise raw material use and the use of recycled or recyclable materials, potentially
resulting in a zero-waste construction industry [4]. With respect to logistics, 3D printing
technology contributes to cost reduction, and meanwhile, it helps to upgrade and refurbish
products in supply chain practices [15]. Beltagui et al. [16] identified the value of 3D
printing construction in more complex products: it is better suited to special designs, faster
to develop, and nearer to the construction site. Three-dimensional printing technology is
transforming the construction industry towards a more sustainable future.

As a newly developed construction technology, 3D printing construction will have a
different supply chain process compared to conventional construction methods, especially
in information exchange [17]. Supply chain management can be regarded as a long-
term inter-company logistics management process that coordinates processes and flows
of material and information between suppliers and customers [18]. Figure 1a presents
a traditional supply chain flow of a construction project. Figure 1b shows a potential
supply chain for 3D concrete printing, from which the information flow of 3D concrete
printing can be recognised. Compared to a traditional supply chain, the 3D printing
construction project may have a shorter supply chain, where the management strategy
may also change. Afshari et al. [19] found that supply chains receive benefits from the
flexibility of additive manufacturing technology; El-Sayegh et al. [20] claimed there is a
shorter supply chain for 3D printing construction compared to traditional construction;
Yilmaz [21] identified the positive impact on the supply chain of additive manufacturing
in that it has simpler management procedures. By adopting 3D printing construction
technology, the complexity of the supply chain can be dramatically decreased [22]. Three-
dimensional printing technology helps in the development of new ways of operation,
thereby simplifying the current supply chain and creating new supply chain structures [23].
This technology can also force supply chain practitioners to focus on developing dynamic
capabilities [24].
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Figure 1. (a) Traditional supply chain of a construction project [17]. (b) The typical supply chain of a
concrete 3D-printed project [17].

1.2. Research Gaps

Much research supports 3D printing as a disruptive technology in the construction
industry revolution [4,9,11,13,22], and difficulties occur in implementing 3D printing tech-
nology. By exploring the construction technology practice, Oesterreich and Teuteberg [1]
found that construction technologies are at different maturity levels, and that additive man-
ufacturing is at the formative stage. It can be difficult to fully understand the mechanical
design and operational principles of 3D printing systems [25]. The performance control
of printable materials can also be challenging in 3D printing construction [25]. Beltagui
et al. [16] claimed that inappropriate use of 3D printing technology may lead to resource
wastage, cost increases, and low productivity. There is a need to evaluate the life cycle costs
of additive manufacturing and whether the use of this technology would lead to a cost
increase or reduction in the construction industry [13]. Ma et al. [26] indicated that insuffi-
cient knowledge of technologies, high capital costs, cultural resistance, the technology itself,
and legal limitations can be barriers to implementing innovative construction technologies.

Three-dimensional printing technology most likely will result in a redesign of the
supply chain [17]. Current supply chains are long and complex, and 3D printing construc-
tion supply chain remains undefined, leading to many management challenges [27]. Few
structured supply chain management frameworks have been adopted for mapping and
measuring construction supply chain performance [28], nor for 3D printing construction
supply chains. Existing value-based supply chain concepts are also insufficient for identify-
ing the connection between logistics measures and objectives [18]. Hedenstierna et al. [23]
claimed that 3D printing technology will play a role in supply chains by establishing new
ways of operating that simplify the current supply chains and create new supply chain
structures. So, it is necessary to investigate how operations within the supply chain will be
changed due to the use of 3D printing in construction, and how 3D printing will impact
supply chain integration and performance [29].

Research on the supply chain strategies in 3D printing construction is lacking [10].
Only 4% of this research contributes to the theoretical framework of the topic of oper-
ations management [30]. According to Chan and Kumar [28], effective supply chain
operations rely on the collaboration between distributors, manufacturers, and suppliers,
and supply chain mechanisms determine how management decisions affect supply chain
performance [31]. However, in the 3D printing construction sector, the system vendor,
material suppliers, customers, and location of manufacturing may bring barriers to the
implementation of this technology [32]. The abovementioned problems may consequently
result in challenges for supply chains [31]. The printable cementitious material can be
the key issue in 3D printing construction projects [33]. It is difficult to define a constant
supply of raw materials for 3D printing construction projects [34]. Apart from materials,
the transportation of 3D printers is another difficult and costly issue for construction project
decision-makers [22]. As can be seen, there is a need to systematically analyse the chal-
lenges and barriers associated with the 3D printing construction supply chain, which leads
to an investigation of strategies for 3D printing technology implementation.

1.3. Aim and Research Questions

This systematic review paper aimed to synthesise the benefits and challenges of the
3D printing construction supply chain, and identify gaps in this sector that have not
been studied. The results will guide future research into the 3D printing construction
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supply chain. Articles on supply chain management in the 3D printing construction sector
are discussed and systematically analysed. The following questions will be answered in
this review.

Q1: What is the significance of implementing 3D printing technology in construction
supply chains?

Q2: How is the supply chain operated in the 3D printing construction sector?

Q3: What are the barriers to implementing 3D printing in construction supply chains?

2. Research Methods

This systematic literature review is a significant part of a research project investigating
supply chain management issues in the 3D printing construction sector. According to the
research project aim, there are eight main research questions, and three were studied in this
review paper. Further, six sub-questions were drafted from the main three questions, as
shown in Table 1.

Table 1. Research questions.

Main Research Question Sub-Questions

1.1: What is the implementing status of 3D
1: What is the significance of implementing 3D  printing technology in construction supply
printing technology in construction supply chains?
chains? 1.2: What are the benefits of 3D printing
construction technology?

2.1: How is the supply chain managed in the
2: How is the supply chain operated in the 3D construction sector?
printing construction sector? 2.2: Are there any challenges for 3D printing
construction supply chain management?

3.1: Which aspects are barriers to
3: What are the barriers to implementing 3D implementing 3D printing technology?
printing in the construction sector? 3.2: What efforts have been made in the past to
solve these barriers?

A systematic literature review goes beyond mere repetition of prior work; it is a rig-
orous method that ensures the replicability of previous findings while also synthesising
and analysing the existing research on a specific topic [35]. A systematic review provides
researchers with background knowledge of a topic and navigates further research. This
research was conducted with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines, which are designed to assist researchers in transpar-
ently reporting why the review was performed, what the authors did, and what has been
found [36].

2.1. Identification of Research Records

This systematic review discusses supply chain management research in the 3D printing
construction sector. Therefore, three keywords were defined for source searching: 3D
printing, supply chain, and construction. In order to collect the maximum results, the
keywords were expanded with synonyms. Asterisks (*) were also adopted to include more
articles. The searching keywords were “3D print* OR three dimensional print* OR three-
dimensional print* OR additive manufactur*”, “supply chain OR logistics OR operation*”,
and “construct* OR build*”.

Based on database accessibility, the authors decided to use Scopus, Discover, and
Emerald Insight as the search databases. Scopus and Discover cover a wide range of studies
and resources, and were the main databases for this review. Emerald Insight provides a
supplement on the management subject since this research is part of a study about 3D
printing supply chain management. The abovementioned databases are embodied by
abundant and quality research literature, covering comprehensive research topics. These
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resources provide full-text access to hundreds of journals and e-books about business,
management, and economics. The search strategies were designed for each database, as
shown in Table 2. The search scope enabled the authors to obtain the maximum number of
studies with the defined keywords.

Table 2. Search Strategy.

Database Year Range Search Scope Keywords

“3D print*” OR “three dimensional print*” OR
“three-dimensional print*” OR “additive
manufactur*”

AND “Supply chain*” OR logistic* OR
operation®

AND Construct* OR build*

Article title,
Scopus abstract,
keywords

3D print* OR three dimensional print* OR
three-dimensional print* OR additive
manufactur® AND Supply chain OR logistic*
OR operation* AND Construct* OR build*

2006-2023

Discover Abstract

3D print* OR three dimensional print* OR
Emerald All fields three-dimensional print* OR additive
Insight manufactur* AND Supply chain OR logistic*

OR operation* AND Construct* OR build*

Filters, including source type, year range, countries/regions, and language, were
defined as the primary selection criteria. Only academic journal articles and conference
proceedings were selected due to their high influence and recognised academic quality.
Autodesk summarised the important events of additive manufacturing development,
which show that the first time 3D-printed buildings were produced was in 2006 [37].
Therefore, the authors decided to select articles that were published from 2006 to 2023.
Slusarczyk [38] investigated investment in 3D printing technology and summarised the
top 20 countries investing the most in additive technologies. These are Germany, the USA,
China, France, Italy, the UK, Japan, India, Spain, Benelux countries (Belgium, Netherlands,
Luxembourg), Scandinavia (Denmark, Sweden, Norway, Finland, Iceland), Turkey, Canada,
Russia, South Korea, Brazil, Mexico, Australia, Portugal, and South Africa. Since the
research is industry-based in New Zealand, New Zealand was included as a source region.
Only papers in English were selected. This search strategy discovered 4447 papers from
the three databases on 23rd July 2023, and after applying filters and removing duplicates,
1228 articles remained.

2.2. Inclusion and Exclusion Criteria

Next, the authors implemented a two-step screening process with pre-defined in-
clusion/exclusion criteria. In the first-step, exclusion criteria were set as follow: If the
paper was not on building and construction- or management-related subjects or was not
on 3D-printing technology based on the title, keywords, and abstract. For example, the
paper was excluded if the article was in the medical, dental, food, or education area. After
primary screening, 149 journal articles remained. The second-step screening employed the
following inclusion criteria:

(i) Studies supply chain issues in the 3D printing /additive manufacturing construction
sector;

(ii) Studies supply chain issue of 3D printing/additive manufacturing technology;

(iii) Implements or performs life cycle study of 3D printing/additive manufacturing
technology in the construction sector.

For this step, 149 papers were screened by reading the full text, and 113 papers were
excluded. Thus, 36 eligible records were included in the systematic review. In addition,
the authors also applied snowballing to explore more research records, which involved
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screening all the articles that are cited by the included papers [39]. By reviewing the
reference list of the included research, we found 32 papers that are within the scope of the
systematic review. After reading the full text of these studies, 21 papers were included in
the systematic review. As a result, the final number was 57 studies, comprising 46 journal
articles and 11 conference proceedings. Figure 2 shows the flow of the screening process.
Quality parameters, for example, only including highly cited articles, were not applied in
this research in order to reduce publication bias [31].
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Figure 2. The PRISMA flow diagram used for this study.

Research synthesis is defined as integrating support from multiple sources for one
argument while identifying the inter-relationships within the pre-defined topic [40]. By
means of literature synthesis, it is possible to enhance the generalizability of qualitative
research as well as to develop new knowledge [31]. This research synthesised the included
studies in order to clarify what has been studied and the existing research gaps for further
study. NVivo 14 was used for data acquisition and analysis [41]. The results are interpreted
in the next section.
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3. Results and Interpretation
3.1. Literature Analysis and Synthesis

This study analysed the literature based on the research questions in order to inves-
tigate issues from the purpose, methodology, and result perspectives. At the start, the
distribution of the publication year and word frequency were used to obtain an overview
the selected studies. NVivo, a qualitative data analysis tool, was adopted as the main tool
for the literature analysis. This tool helps researchers systematically extract data from the
literature for further analysis. The authors applied coding to the selected articles in NVivo
14. Essential data were acquired by querying the content of all of the studies. Then, a
qualitative content analysis was conducted to categorise the coded research into separate
themes [42].

3.1.1. An Overview of the Literature

This study included papers published from 2006 to 2023, the reason for which was
given in Section 2. By visualising the publication year of the selected publications (Figure 3),
it can be seen that the earliest selected paper was published in 2012 and that there has
been an increase in research on this topic since 2013. From this trend, there appears to be
a technological revolution in the construction industry, and 3D printing technology has
increasingly attracted people’s attention. The number of studies about supply chain issues
in the 3D printing construction sector grew and peaked in 2019, which can be understood
as more researchers commencing their study in this area around 2018 and 2019. However,
the COVID-19 pandemic may have restricted research opportunities, as a sharp decrease
can be seen in 2020. During the COVID-19 pandemic, researchers had limited access to
laboratories, construction sites, and workstations [43], so it was difficult to obtain data
for research. As the pandemic restrictions were eased, there was a gradual increase in
publications. Therefore, it is reasonable to conclude that more and more researchers are
paying attention to the management issues of the 3D printing construction area. This
increased research has exposed many challenges and solutions to support the healthy
development of 3D printing construction technology.

Distribution of Selected Publications by Publication Year

. .II‘I.

2012 2013 2016 2017 2018 2019 2020 2021 2022 2023

(0]

Number of Publication

Year

Figure 3. Distribution of selected publications by publication year.

Figure 4 was generated using NVivo 14 to present the word frequency from the selected
publications and define the most popular research topics. The word frequency analysis
showed that apart from the predefined keywords, production, technology, cost, process,
material, design, and management were the most frequent words in the selected literature.
All words were categorised into three groups, with each group representing a research
direction. The first group included technology, production, and design. This research group
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focused more on the technology itself, studying questions in technology advancement and
productivity improvement [10,44,45]. The second group concerned the building materials
and their availability [33]. As can be seen from Figure 4, concrete was the most utilised
material in 3D printing. The final group relates to managerial issues, including cost, process,
and management. For papers falling into this category, the authors paid more attention to
promoting 3D printing technology from a management theory perspective [14,18,46].
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Figure 4. Word frequency analysis of publications.

3.1.2. Interpretation of Existing Research Focuses

The existing research focus reflects the current research trends and interests, and
from this, what research has been performed in the past and how studies were conducted
can be understood. Thus, the rationale for past research topics and navigation for future
studies can be determined for this study. So, the selected publications were examined by
NVivo 14 to extract data relevant to the purpose of study. The literature was categorised
into five themes using content analysis according to their main focus. Although one
study may contain multiple themes, the authors only considered the dominative theme
of each study for their categorisation. Then, the coded contents were holistically analysed
to determine the existing research focuses. The result showed that 28% of the studies
proposed models/frameworks/methods in the 3D printing supply chain sector. The
second theme (25%) studied the benefits, challenges, and feasibility of 3D printing or
additive manufacturing (AM) technologies. Approximately 21% of the studies investigated
the impact of 3D printing (or AM) technology on various aspects. Finally, 16% of the
studies focused on specific implementation problems and 11% of the studies researched
other topics such as the supply chain, resources, decision-making, etc. (Table 3).

Table 3. Topic distribution of selected publications.

Model/ Benefits/ Others: Supply Chain/

Framework/  Challenges/ Impact Implementation Resource/ Publlignltions
Method Feasibility Decision Making, etc.
16 14 12 9 6 57
28% 25% 21% 16% 11% 100%

From the result, it can be understood that most researchers attempted to use models
or frameworks to solve problems in 3D printing practice. The large number of studies
on the benefits, challenges, and impacts reflects that more benefits and challenges were
found as 3D printing was implemented. It also shows that it is still valuable to study the
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impacts of this technology to facilitate its implementation. The limited number of studies
on decision-making indicates the gap in this area, which can be a focus for future research.

Regarding studies that proposed models, the primary research was on generating
models for AM supply chain-related issues [16,19,21,44,47-50]. The model proposed by
Barron et al. [44] assists in identifying and isolating critical safety features of the supply
chain. Jin and Gao [50] produced a model of green supply chain networks for 3D printing,
showing the increased attention to sustainable supply chain management. Another focus
was applying models to cost and purchasing strategies. Lindemann et al. [51] proposed
a costing model to assess the life cycle cost of AM products. By evaluating the existing
systems, Muthukumarasamy et al. [52] provided a supplemental method for optimizing
AM'’s purchasing strategies. Besklubova et al. [22] developed a construction 3D printing
multi-stage network-based logistics cost assessment model to support logistics network
evaluation and logistics strategies of 3D printing projects. Frameworks for decision-making
have also been produced. Jin and Ji [53] proposed a method for partnership choice in
the supply chain in 3D printing and big data, and Feldmann and Pumpe [18] developed
a framework for investment decisions, providing an assessment of value drivers in the
supply chain. Frameworks for 3D printing adoption were produced by Wu et al. [14] and
Zanetti et al. [54].

The benefits and challenges in the 3D printing sector are a continuing research topic.
The benefits and challenges of 3D printing adoption have been widely investigated [15,55-57].
This provides a sufficient background study for future research on the topic of 3D printing.
Following these studies, Gupta et al. [27] tested the revolutionary technologies’ risk control
benefits and their potential to develop supply chain resilience, and Belhadi et al. [24]
investigated the potential of AM for building resilience-efficiency at the supply chain level.
Pradhananga et al. [58] provided insight into the importance of 3D printing in construction
and how it works in constructing affordable housing, and the potential of 3D printing as an
alternative to the conventional process of building shelters was studied by Subramanya
and Kermanshachi [59].

There is noteworthy research about 3D printing implementation in remote housing [60]
as well as large-scale systems [33]. It is known that most 3D printing projects are limited to
smaller scales [61], and remote housing is a revolutionary idea at this stage. The thermal and
green benefits of using 3D printing in building construction were discussed by Guimaraes
et al. [34,45], but Thomas [62] examined the societal costs and benefits of 3D printing
from a monetary and resource consumption perspective. These studies constitute a small
portion of the current 3D printing research, which proves there are ample opportunities for
future studies.

Based on the analysis of the literature, there are researchers that have studied the
impact of 3D printing/AM on the supply chain with the aim of improving supply chain
resilience as well as management performance [17,29,63-69]. However, solutions for these
impacts have not been sufficiently investigated. As for impacts on other aspects, Khajavi
et al. [10] explained the impact of design and supply chain configurations on performance
in concrete 3D printing, which is the opposite orientation to AM’s impacts on supply chains.
Oettmeier and Hofmann [70] identified factors that may affect the decision-making of AM
adoption from an inter-firm perspective, and Mufioz et al. [71] studied the environmental
impacts of 3D printing technologies. Studying the impact of 3D printing technology
provides opportunities to investigate solutions for existing challenges. Thus, the negative
impacts can be mitigated for the sustainable development of 3D printing construction.

Research about 3D printing implementation reflects the development status from
various orientations. Early in 2012, Lim et al. [72] discussed large-scale AM implementation
in the construction and architecture arena. As the adoption of AM increased, more attention
was given to improving implementation performance. For example, Braziotis et al. [73]
defined typical 3D printing deployment strategies, and Verboeket and Krikke [31] used
AM to design supply chains to improve their performance. Ryan et al. [74] evaluated
existing scenarios for 3D printing and identified the “white place” for future opportunities,
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whereas Schuldt et al. [35] presented the viability of 3D-printed construction implemen-
tation specifically in remote, isolated, or expeditionary environments. In addition to the
abovementioned applications, researchers are investigating the integration of AM technol-
ogy and the circular economy. It can be seen that additive manufacturing implementation
has gained researchers” attention in many sectors, and more opportunities can be found for
future studies.

Other studies have focused on the topic of supply chain innovation and resilience [75,76],
natural resource use [77], as well as the decision-making of supply chain participants [78].
This study demonstrated that the ambition of researchers is to promote 3D printing as a
method for manufacturing and construction.

3.1.3. Interpretation of Research Methods for 3D Printing Construction Studies

The research methods for the 3D printing construction studies were analysed, and the
results showed that around 32% of the publications are review articles that were performed
in a systematic way. Scholars use this method to synthesise and interpret past research [73]
to present the organised history of a specific topic [56] and to deliver new ideas for cur-
rent conditions. For example, by overviewing recent attempts at applying 3D printing
technology, Alzarrad and Elhouar [56] elucidated the sector’s successes and challenges.
Hettiarachchi et al. [79] systematically reviewed and analysed the related literature, thereby
identifying conceptual elements for their study. By reviewing publications related to 3D
printing, Subramanya and Kermanshachi [59] evaluated the opportunities and challenges
of adopting this technology in a specific industry.

Literature reviews also provide opportunities to optimise performance since a review
generally contains a great amount of data for a topic. Ma et al. [33] reviewed the current
design methodologies of large-scale 3D printing systems so that the performance of ce-
mentitious materials could be optimised. Ryan et al. [74] structurally reviewed academia
and industry literature and evaluated potential scenarios to identify opportunities for the
future development of 3D printing. Through literature taxonomy, Tziantopoulos et al. [68]
provided a theoretically grounded framework for decision-making in supply chain design
and management. Delic et al. [29] applied a detailed review of the literature to develop
a theoretical model for AM’s impact. To conclude, literature reviews have been widely
applied to 3D printing studies to synthesise the previous knowledge in this sector [31].

Case studies are another frequently used method in 3D printing studies. Oettmeier
and Hofmann [65] used explorative case studies to investigate the impact of AM adoption
on the supply chain management process. Kothman and Faber [17] employed a case study
to determine the feasibility of 3D printing using concrete in construction. Khajavi et al. [10]
conducted a deductive case study to investigate the current state of 3D concrete printing
in the construction industry, thereby explaining its impacts. Besklubova et al. [22] used a
case study to demonstrate the feasibility and practicality of a construction 3DP multi-stage
network-based logistics cost assessment model. Beltagui et al. [16] adopted a case study
approach to investigate the ability of 3D printing to overcome barriers. This method was
also applied in combination with other analytical approaches such as life cycle assessments,
scenario analyses, etc. [10,71].

In the 3D printing construction sector, interviews and surveys are essential ways to
collect data from the industry and experts. Durach et al. [64] used a multi-stage survey of
industry and academia participants to gain insights into emerging AM processes. Chan
et al. [57] employed semi-structured interviews to collect primary data to discuss the
opportunities and challenges of 3D printing adoption. Through a questionnaire survey,
Wau et al. [14] investigated the relationship between the impact factors and the adoption
of 3D printing technology. Luomaranta and Martinsuo [75] organised interviews and
workshops in 20 firms to map AM-related processes and activities. According to our review,
interviews and surveys are often conducted using other analytical methods. Aghimien
et al. [55] conducted a survey among construction professionals to gather data for benefits
and barriers assessment of 3D printing adoption. Belhadi et al. [24] used a hybrid approach,
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including a focus group, semi-structured interview, and case study, to investigate the
potential of AM technology.

Life cycle assessments and scenario analyses are other widely used analytical ap-
proaches in researching 3D printing construction issues. These methods help researchers
explore conditions related to the life cycle of projects [48] and simulate the 3D printing
process to identify problems [66]. To sum up, the research methods applied in the 3D
printing construction sector aim to synthesise past research and to generate models or
frameworks for improving performance in various aspects. Figure 5 presents the most
frequently adopted research methods in the reviewed literature.

critical review,
comprehensive
review, detailed review,
systematic review,
bibliometric analysis, questionnaire,
structured review, group, exploratory multi-stage
thorough review, inferview survey
literature taxonomy

S F N o

Analytical
approach

scenario analysis, life
cycle analysis, quantitative
analysis, analytical modelling,
simulation model, case study,
comprehensive experimental
study, system analysis

semi-structured

= N structured
interview, focus

analytic hierarchy
Process, empirical
research, grounded

theory

Literature
‘Review

Research Methods

Interview Survey Others

Figure 5. Applied research methods used in reviewed literature.

3.1.4. Interpretation of Previous Research Findings

This study holistically analysed the existing findings in 3D printing technology im-
plementation. One notable finding concerns the effects of 3D printing or AM adoption.
According to Aghimien et al. [55], adopting 3D printing in housing contributes to cost
reductions, increased productivity, and improved quality and speed of housing delivery. Its
benefits on stakeholder satisfaction and economics were also identified [55]. Feldmann and
Pumpe [18] found that 3D printing pre-processing steps may result in compensating for the
cost impacts regarding labour and energy. Their findings suggest that implementing 3D
printing technology decreases the costs of labour, tooling, waste disposal, etc. [18]. Positive
effects of employing AM technology on compatibility and demand due to users’ perception
that AM positively contributes to their company’s processes and structures have also been
identified [70]. AM also enables decentralised and customised production, thus enhanc-
ing customer service and improving customers’ satisfaction [70]. The benefits of AM on
resource consumption reduction were illustrated by Thomas [62], who concluded that AM
may both positively and negatively impact time, labour, and the use of natural resources.

It is valuable to mark the findings about the benefits of using 3D printing/AM on the
supply chain. Oettmeier and Hofmann [65] determined the potential of AM to improve
quality management and labour division, including employee training, and Delic et al. [29]
claimed there is a supply chain and firm performance improvement by adopting AM.
Luomaranta and Martinsuo [75] revealed AM-related supply chain innovation in business
processes, technology, and structure, as well as supportive changes within businesses,
although their findings indicated that AM is a rather isolated innovation requiring firms’
involvement in the supply chain [75]. Although Feldmann et al. [48] found both positive
and negative changes in adopting AM, they insist on its contribution to economic efficiency
as well as environmental sustainability. Moreover, the AM architecture industry also
absorbs benefits from an integrated supply chain [69].

Three-dimensional concrete printing potentially improves manufacturing performance
in terms of time, material use, and operations, and therefore shortens supply chains while
reducing logistical and production efforts [17]. Handal [49] pointed out an accelerating
shift from “Push Supply Chains” to “Pull Supply Chains”. According to Afshari et al. [19],
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adopting additive manufacturing reduces the requirement for safety inventory. Belhadi
et al. [24] indicated the potential of AM technology to develop dynamic capabilities in
reconciling supply chain resilience and efficiency. Gupta et al. ‘s [27] findings showed that
AM assists in risk control and thus improves the supply chain resilience of a firm, which
minimises the influence of supply chain disruptions. Besklubova et al. [22] supported
the notion that adopting 3D printing decreases supply chain complexity, especially in
customization production.

The results of the existing research also show 3D printing/AM’s contribution to
particular construction activities. Bazli et al. [60] claimed that 3D printing is a cost-effective
solution for remote housing, considering the benefits in terms of materials, structural
design, process efficiency, logistics, labour, as well as environmental impact. An example of
3D concrete printing (3DCP) efficiency is that 3DCP has greater compressive and flexural
strength and less long-term drying shrinkage [60]. In customised production, 3D printing
is preferred over using moulds, which are discarded after a single use [71]. Although
various benefits of 3D printing technology have been identified in the existing studies,
researchers have found a lack of interest in AM’s environmental benefits, especially on the
part of companies [30]. From a company perspective, the focus is more on the cost and time
efficiency of this technology [30]. The results indicated the importance of proactive top
management regarding AM implementation [76] and having a comprehensive knowledge
of the contributions of 3D printing technology.

3.2. 3D Printing Supply Chain Management in Construction Industry

Based on the existing literature, this section explains the technology implementation
conditions, defines the technology’s significance, and categorises the barriers to 3D printing
adoption. The authors analysed company adoption and research, and synthesised the
barriers from the perspectives of management, operations, technology, as well as social con-
cerns. The significance of implementing 3D printing in modern industry is also emphasised,
which adds value to the study of the supply chain of the 3D printing construction sector.

3.2.1. Implementation of 3D Printing Technology

From the selected literature, the authors determined the implementation conditions
and research data for 3D printing technology. The existing 3D printing buildings are based
on different conditions and materials for various clients because 3D printing construction
is still in its infancy [14]. Chan et al. [57] pointed out that current 3D printing use mainly
focuses on replacing existing processes rather than innovations in application. Ryan
et al. [74] found that the use of 3D printing in construction is concerned with highly
specialised in customised structures due to its freedom in design. As AM designs can
be digitally stored and transferred, Priyadarshini et al. [76] support this technology’s
contribution to 3D design digitalization. Digital design and manufacturing help companies
respond quickly to disruptive effects, thus leading to a less fragile supply chain [76].

Additive manufacturing has gained significant attention in supporting supply chain
management [76]. Three-dimensional printing is considered an important element in
supply chain digitalisation, but its performance depends on the integration of 3D printing
and the supply chain [57]. According to Kunovjanek et al. [80], the application of additive
manufacturing is far from common in most supply chains. The limitations of adopting
AM in existing supply chain networks were established by Tziantopoulos et al. [68]; these
include the cost increase for achieving economies of scale, difficulties in material selection,
and legal and regulatory requirements.

From a company’s point of view, AM implementation will change industry manage-
ment practices [49]. Wu et al. [14] support the idea that adopting 3D printing can be a
positive organisational change, but the lack of commitment at the top management level
may lead to the discrediting of AM. Handal [49] highlighted the fact that top managers have
difficulties making decisions that involve implementing new technologies. The reasons
for this hesitation might include a cost-benefit trade-off and the need to investigate the



Buildings 2024, 14, 1811

13 of 21

technology at a practical level [81]. AM companies from Africa are making great efforts
to overcome challenges, but their poor AM material supply chains cannot be ignored [24].
Luomaranta and Martinsuo [75] found that adopting AM technology may influence the
interactions between supply chain companies as AM-specific relationships are replacing
current supply chain relationships. Implementing AM within a company requires new
expertise and supply chain innovations associated with cooperation, coordination, and
specialisation [75].

From a research perspective, few researchers have focused on the implementation of
AM, and even fewer on supply chain strategies for AM implementation [49]; more attention
has been paid to models and design creation by 3D printing designers and developers, so
concept knowledge and the understanding of this technology are lacking [55]. Management-
related 3D printing research is fragmented into the deployment strategy of 3D printing and
its effects on performance [73].

In the reviewed results, it can be concluded that the use of 3D printing is in its infancy
and feasibility stage [60], but great effort has been made to promote the construction of 3D
printing with the development of 3D printing systems, materials, and applications [22].
The advantages and disadvantages of this technology may determine its future adoption in
industry [64]. A conflict has also been identified between 3D printing adoption and labour
issues, as a reduced workforce is required for 3D printing construction projects [55].

3.2.2. The Significance of 3D Printing Technology

Additive manufacturing technology has gained significant attention since the third
industrial revolution [82], and this technology is suggested to be one of the main construc-
tion methods of smart manufacturing [83]. The significance of 3D printing technology is
widely recognised in the reviewed studies. Hettiarachchi et al. [79] emphasised the contri-
bution of AM to the redesign of traditional contract manufacturing, and this technology
can solve the challenging requirements in civil engineering and construction management
associated with design, materials, construction methods, operations, as well as building
sustainability [58]. The abovementioned significance of 3D printing technology emphasises
the importance of integrating this technology within construction education in order to
increase the knowledge base of future workers [58]. Gupta et al. [27] also regard AM
technology as a resource that will assist companies in developing risk control capabilities
in supply chain management.

Apart from the significance of the technology at the organisation level, 3D printing
contributes to the sustainability of construction and the environment. Bazli et al. [60]
pointed out that modular 3D printing construction provides flexibility and sustainability
to houses through its characteristics, which enables the structures to be disassembled and
used for rebuilding. This construction mode also allows extra rooms to be easily attached
to existing houses [60], which makes housing more sustainable. As for environmental
significance, the construction industry is one of the highest resource consumers [34]. Many
researchers have identified the potential of 3D printing technology in reducing material
consumption and waste generation [22,59]. Its contribution to reducing labour costs,
construction time, and human operational risks has also been identified [22]. Therefore,
3D printing plays a vital role in overcoming the limitations of the traditional construction
process [59] and results in a sustainable construction industry.

3.2.3. Barriers to Implementing 3D Printing in the Construction Sector

Some of the selected publications were found to have broad and in-depth discussions
about the barriers and challenges in adopting 3D printing/additive manufacturing. The
defined barriers were categorised into different groups. Durach et al. [64] claimed a reduc-
tion in the barriers to AM adoption in the following years. Meanwhile, from companies’
perspective, reductions in barriers need to be considered case by case. So, it is suggested
that the efficiency of 3D printing construction technology should be assessed and improved
for future adoption.
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From a management perspective, Durach et al. [64] identified challenges in employee
training, a view supported by Ma et al. [33], who stated that it could be problematic at
the current stage to fully understand the mechanical design and operational principles
of 3D printing systems. The need to re-skill the workforce is necessary for the implemen-
tation of 3D printing technology [24,55]. Training for 3D printing construction can be
more challenging in remote construction contexts [60]. Apart from barriers to training,
the lack of experience in 3D printing construction is another challenge for technology
engagement [55,60]. The abovementioned challenges may be reasons why companies need
organisational changes when adopting 3D printing technology [79].

Challenges in operations can be important issues for 3D printing implementation.
One significant consideration is cost. Three-dimensional printing technology may be more
expensive than traditional construction because of the high cost of 3D printers, digital
models, and materials [56,60,64,70], so the cost of printers and additional devices may
limit the adoption of 3D printing technology in projects [55]. With the high initial costs, it
can be unachievable for small and medium companies to deploy 3D printers in multiple
projects [60]. Another challenge is transportation related. Kunovjanek et al. [80] claimed
that the challenges of transporting raw and support AM materials need to be sufficiently
addressed, as the transportation of printers and printed structures can be both difficult and
expensive [60] due to the large size of the machine [22] and the fragility of the products.
Furthermore, Bazli et al. [60] identified the increased cost of transporting 3D printing
materials from distant locations, which may eventually reduce the economic efficiency of
remote construction projects. From a supply chain point of view, 3D printing has yet to be
integrated with the supply chain process [22], which leads to a poor supply of materials [24].

The technological maturity of 3D printing is a significant factor affecting the adop-
tion of the technology [54]. Currently, material availability and colour choices can be
low [55,64,68,70]. The lack of materials can be a result from the special requirements for
printable concrete. Three-dimensional printing materials need to be buildable, printable,
and have sufficient open time [60]. The inability to control material quality may lead to im-
perfect surface finishes and structures [45,60,68,70], which means that buildings may fail to
meet the expectations of the end users [60]. The challenges related to materials can be more
severe in remote area projects [60]. Due to restrictions imposed by the quality of materials
as well as printer size, the current technology may not be suitable for large-scale building
construction [56,57,60]. Other technical barriers include digital system limitations [64] and
the thermal behaviours of 3D-printed building [45], as well as the system’s capability in
extreme weather [35].

When considering social challenges, stakeholders’ lack of awareness and understand-
ing of the technology’s benefits is a common concern [55,60]. The lack of standards is
also one of the significant challenges to 3D printing adoption [16,24,60,64]. The current
legislation does not provide enough support for implementing 3D printing [57], and the 3D
printing standards and quality control need to be improved to align with circular economy
concepts [79]. Meanwhile, how 3D-printed buildings can meet building codes and regula-
tions requires more justification [14]. Researchers have also considered the challenges of
adopting 3D printing on labour. Aghimien et al. [55] maintained that an unskilled work-
force may not necessarily be required in 3D printing construction projects. Bazli et al. [60]
believe that the use of this technology can disadvantage traditional construction skilled
workers because 3D printing will reduce the need for construction employees.

4. Discussion

This review presents the state-of-the-art of 3D printing implementation and supply
chain management in the construction sector. The result in Figure 6 showed that the re-
search focus of the literature was associated with the concept of implementation, barriers,
challenges, and the significance of the technology. The different colours represent research
that are included in the systematic review. It can be seen that research analysing the
challenges of 3D printing adoption gained the most attention. Research about the imple-
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mentation of this technology is also popular in the existing literature. However, few studies
were found investigating the implementation of 3D printing in the New Zealand context.
As a new construction technology, its implementation in the New Zealand construction
industry would be valuable to discuss, thereby contributing to technology advancement in
the local industry.

Significance of technology
20
18
16
14

12
10

challenges New Zealand

barriers Implementation

Figure 6. Research focus.

By interpreting the systematic review results, the authors identified the following
research gaps for future studies:

1. Management-related research is fragmented, with limited research on decision-
making in the 3D printing sector.

2. Insufficient research was conducted into the top management frameworks for 3D
printing construction technology implementation.

3. Three-dimensional printing technology will change management practices, and exist-
ing supply chain management strategies are unsuitable for 3D printing construction projects.

4. Few studies have investigated the problems associated with 3D printing adoption
and labour requirements in construction projects.

5. Studies about implementing 3D printing in New Zealand’s construction industry
are few.

Even though the use of 3D printing construction is still in its infancy, which was also
alluded to by Bazli et al. [60], research in this area is continuing to progress. The research
outcomes are expected to contribute to the construction revolution in the near future. The
result of this review outlines the current study focus and future research potential in the
3D printing construction sector, which are presented in Figure 7.

Models and frameworks are widely acknowledged as part of the efficient management
of supply chains [18,22,44,50]. Meanwhile, they are also prevalent in the 3D printing
practice literature. However, critical decision-making requires an understanding of the
salient factors that could make the supply chain activities more effective. This gives
credence to research gap 1: management-related research is fragmented, and there is
limited research about decision-making in the 3D printing sector. Thus, research attention
in this area needs to be encouraged. The research into the benefits and challenges identified
the opportunities and future potential of 3D printing construction technology. For example,
the literature on studying 3D printing impacts supplements our knowledge of the adoption
benefits and challenges, thus providing directions for problem-solving research. Moreover,
the benefits and effects of 3D printing adoption can significantly support future research
and implementation. The results comprehensively indicated the potential of this technology
from two aspects, which are the background knowledge for in-depth research and studies
about 3D printing implementation. The results also answered sub-question 1.1 (What is the
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implementing status of 3D printing technology in construction sector?) and sub-question
1.2 (What are the benefits of 3D printing construction technology?).
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Figure 7. The way forward.

The most prevalent applied research methods in the 3D printing sector provide an
overview of how researchers study the 3D printing sector. Compared to studies using
review methods, studies involving industrial practices provide more opportunities to learn
about the implementation and impacts [65,75]. However, although review papers may lack
interactions with industry, they present an overview and background understanding for
future studies.

The results of analysing 3D printing construction technology implementation showed
that the acceptance of 3D printing construction requires improvement; it is necessary
to expand the use of the 3D printing in the construction industry. Many researchers
have identified the potential benefits of implementing 3D printing, such as support for
replacing manufacturing processes [57], 3D design digitalisation [76], as well as supply
chain efficiency [57]. However, the challenges and limitations temporarily hinder the use
of 3D printing on a broader scale. Exposing limitations in the very early stage provides
opportunities for enhancing our knowledge of the future use of this technology. Commercial
implementation also demonstrated challenges in supply chain performance [75]. This
requires further research in order to improve supply chain innovation when converting
traditional construction to a 3D printing mode. The supply chain will become more resilient
and efficient as the implementation becomes more mature. These findings answer sub-
question 2.1 (How is the supply chain managed in companies?) and sub-question 2.2 (Are
there any challenges for 3D printing construction supply chain management?).

The barriers defined in this study create problems for 3D printing construction imple-
mentation. These barriers require solutions in order to improve 3D printing effectiveness;
this will be necessary if it is to become a mainstream technology in construction projects.
Apart from operation and technology limitations, an essential problem for implementing 3D
printing in construction is the lack of standards and regulatory support [57,60]. With strong
support from government, the development and implementation of 3D printing technology
can be prioritised, which would lead to improved access to resources for developing this
technology and implementing it in practice. Since the adoption of 3D printing may reduce
the need for a traditional construction workforce [55], companies should be encouraged to
support employee retraining. This would align with the management challenge of having
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a skilled workforce [24]. This result fully answers the sub-question 3.1 (In which aspects
are there barriers to implementing 3D printing technology?) and sub-question 3.2 (What
efforts have been made to solve those barriers in the past?).

A limitation in the 3D printing construction sector may be the lack of studies on
supply chain innovation and decision-making. Therefore, it is valuable to develop a
decision support system (DSS) to assist the supply chain decision-making process. The
decision support system will be utilised by 3D printing construction companies in their
project supply chain management. At this stage, the authors drafted a demo based on the
literature review result, the research conducted by Kothman and Faber [17], as well as a 3D
printing construction company’s practices, Winsun Technology Inc., Shanghai, China. [84].
Figure 8 shows the supply chain management plan of a 3D printing construction project
from the start to handover. Further research is required to establish a reliable and effective
DSS in the 3D printing construction sector.
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Figure 8. Decision support system demo.

To summarise, the study’s purpose and findings assist in identifying the research gaps
and future potential for research into this topic. Analysis of the 3D printing supply chain
in the construction industry aids in understanding the implementation conditions and
barriers and presents the previous efforts in technology adoption. The results also indicate
that great efforts have been made to develop digital construction technology, which aligns
with the opinion of Aghimien et al. [3].

5. Conclusions

This study is a systematic review of the literature on supply chain management and
technology implementation in the 3D printing construction sector. Against the background
of the increasing attention to 3D printing technology, this study aimed to find the answer
to research questions, initiated for a PhD study, and to extend our knowledge of the 3D
printing construction supply chain. This study adopted PRISMA as the guideline for
conducting the systematic review. As a result, 57 studies were included after reading the
full text: 46 journal articles and 11 conference proceedings. NVivo 14 was then used as a
tool for coding and the literature analysis.

This systematic review outlined the existing 3D printing technology implementation in
the construction industry and supply chain challenges that are obstacles to this technology’s
adoption, and initiated a research topic on supply chain decision making. The studies’
focus, research methods, and notable findings were synthesised, providing information
on the existing research concerns and navigation for future studies on similar topics. This
review justifies the significance of implementing 3D printing in the construction sector
and the value of studying 3D printing supply chains. The implementation of and research
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into 3D printing technology were reviewed and analysed. As there is sufficient discussion
about barriers and challenges in the adoption of 3D printing, the existing barriers were
synthesised and categorised. The results identified research gaps in the 3D printing supply
chain area and act as background knowledge for further studies.

As a result, this paper presented the knowledge on 3D printing construction supply
chain research by answering predefined research questions. Barriers to adopting 3D print-
ing technology were discussed, and the efforts to resolve those barriers were summarised.
This holistic knowledge background will be a foundation for future studies in the 3D
printing implementation sector. The research gaps identified in this review paper provide
opportunities for further research in 3D printing construction technology. A decision sup-
port system demo for supply chain management was drafted in this paper, which requires
further study. This review paper also inspires future studies on supply chain frameworks
and theoretical models.

There are limitations to this review paper. The authors only considered journal articles
and conference proceedings in this study; other research resources, such as books and
reports, were not included. This may result in a lack of immediacy, and later relevant
publications in this area could not be included in this research. Another limitation is that
3D printing construction management involves a larger degree of detail. In this review,
we only selected publications about supply chains, implementation, and life cycles. Thus,
some supporting information from other topics, such as material and machine studies, may
have been lost. Future research could investigate problems such as decision-making in the
3D printing construction supply chain, the conflict between technology development and
workforce requirements, and the establishment of standards and regulations.
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