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ABSTRACT
AdditiveManufacturing (AM) offers significant potential for product and process transformation due
to several Relative Advantages (RA) it holds over Traditional Manufacturing (TM) for low-volume
industrial production. However, its adoption levels have fallen short of expectations, due to insuf-
ficient understanding on how to leverage combinations of its RAs in different applications and
supporting contextual factors. This paper investigates the RAs influencing AM adoption decisions
for low-volume industrial production. We qualitatively explored AM adoption decisions of 18 low-
volume applications across Aerospace, Automotive, Power Generation, Rail and Marine sectors. We
contribute to the AM adoption literature by developing two frameworks. The first framework identi-
fies 11 key sources of RAswhich contribute to product performance, process cost and process speed,
within a set of four contextual factors, partly explaining the underlying logic guiding adoption deci-
sions. We elaborate on Diffusion of Innovation theory, through specification of the RA construct
by enriching it with empirically grounded sub-dimensions and contextual factors for more accu-
rate predictions of managers’ intention to adopt AM. The second framework defines seven types
of adoption decisions to explain the RA rationale for adopting AM for industrial end-use compo-
nents. Our framework offers managers a guide for manufacturing strategy decisions for low-volume
components.
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1. Introduction

Additive Manufacturing (AM) offers several Relative
Advantages (RA) over Traditional Manufacturing (TM)
for product and process transformation, including design
freedom, product function optimisation, tool-elimi
nation, small economical batch production, and Supply
Chain (SC) simplification (Khajavi, Partanen, andHolm-
ström 2014). These RAs have transformed AM from
a mere prototyping technology into one that is viable
for producing industrial end-use components. AM RAs
have been exploited to various degrees in notable low-
volume production applications, such as environmental
control system ducting from Boeing (Khajavi, Partanen,
andHolmström 2014), gas turbine burners from Siemens
(Kandukuri et al. 2021), titanium brackets from Air-
bus (Friedrich, Lange, and Elbert 2022), and hearing-
aid shells and hip-cups in healthcare (Sandström 2016).
Whilst it is evident that these RAs impact organisations’
decisions to adopt AM (Schniederjans and Yalcin 2018;
Yeh and Chen 2018), the specific combination of RAs
influencing those decisions remains unclear for the vast
majority of production applications (Jimo et al. 2022).
Developing a meaningful understanding of these RAs is

CONTACT Ajeseun Jimo a.l.jimo@henley.ac.uk Henley Business School, University of Reading, Whiteknights Campus, Reading, RG6 6UD, UK

essential for potential adopters to reduce uncertainty and
facilitate adoption and diffusion of AM in industry. RA is
an influential construct historically employed in innova-
tion studies to identify the unique characteristics of an
innovation that drive potential adopters to utilise it in
achieving specific goals. It represents the extent to which
an adopter views an innovation as having a performance
advantage over previous methods of performing a task
(e.g. robotics improving speed and cost ofmanufacturing
processes andAMfacilitating complex designs). It is a key
construct in the Diffusion of innovation theory (DOI)
(Rogers 2003), which enables researchers to understand
the spread of innovations through a social system.

According to DOI, AM RAs are expected to catalyse
its adoption in different industries; however, adoption
levels remain far below anticipated levels, limiting its per-
formance impact on operations (Jimo, Chandran, and
Jayasekara 2023; Munsch et al. 2024). This shortfall has
been partly attributed to: (a) the diverse range of RAs
associated with AM due to its multi-dimensional nature,
encompassing both product and process aspects, which
complicates the assessment of its suitability for specific
industrial contexts (Jimo et al. 2022); (b) the lack of
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clarity on how these RAs can be effectively leveraged
in various contexts (Baumers et al. 2017; Thomas-Seale
et al. 2018). In terms of their range, product-related RAs
are well established in the AM adoption literature. For
example, design freedoms facilitate complex geometries
and lightweight structures for the medical and aerospace
industries (Petrovic et al. 2011). Process-related RAs are
often stated in generic terms and broadly applicable
across various stages of the product life-cycle (e.g. proto-
typing, tooling, production etc.) as reflected in sampling
data of studies applying the construct (Handfield et al.
2022; Schniederjans and Yalcin 2018). In terms of clarity
to leverage RAs in different contexts, past research typi-
cally lacks the specificity and contextual detail required
to demonstrate AM’s particular applicability to indus-
trial production (Cantini et al. 2024; Jimo et al. 2022).
Existing qualitative research has attempted to refine these
AM RAs specifically for industrial production, however
insights are fragmented across different contexts. Conse-
quently, extant research has not sufficiently examined the
interplay between combinations of RAs and relevant TM
contextual factors that define the conditions for adopting
AM for low-volume industrial components (Cantini et al.
2024; Chaudhuri et al. 2019; Naghshineh 2024). Addi-
tionally, the literature lacks a clear identification of the
different sources associatedwith RAs, and contextual fac-
tors that create these sources. Overall, the AM manage-
ment literature lacks a holistic framework for evaluating
the suitability of adopting AM for low-volume industrial
production (i.e. component/product and spare parts pro-
duction) based on the technology’s performance-related
attributes. This shortcoming hinders the diffusion poten-
tial of AM within the industry (Jimo et al. 2022; Patil
et al. 2022; Ronchini, Moretto, and Caniato 2023). There-
fore, this paper attempts to address these gaps through
the following research questions:

RQ1: What are the key sources of relative advantages,
contextual factors and interplays that shape AM adop-
tion decisions?

RQ2: What combination of relative advantages and con-
textual factors influence AM adoption decisions for dif-
ferent low-volume industrial end-use components?

RQ1 aims to identify sources of RAs for AM and
supporting contextual factors to explain the underly-
ing logic behind adoption decisions. RQ2 aims to iden-
tify the relevant combination of RAs that influence AM
adoption decisions and define types of low-volume pro-
duction applications that AM supports. The focus on
production applications is necessary for theory elabora-
tion, specifically to refine the RA construct so it more
accurately captures the characteristics of adoption for
low-volume industrial production, thereby enhancing its

ability to predict AM adoption using DOI (Fisher and
Aguinis 2017). A qualitative approach, relying primar-
ily on semi-structured interviews and thematic analysis,
was adopted to explore the RA dimension across a range
of low-volume industrial AM applications. Our sample
consists of applications in Aerospace, Automotive, Power
Generation, Rail and Marine sectors to provide a more
focused understanding of RAs in the low-volume pro-
duction domain, unlike existing studies which also con-
sider high-volume production (Huang et al. 2021; Patil
et al. 2022).

Our study’s main objective is to investigate the
RAs influencing AM adoption decisions for low-volume
industrial production. This studymakes three key contri-
butions to the AM adoption literature. First, we address
the fragmentation issue in the AM adoption literature
by developing a framework which identifies key RA
sources and links them to relevant contextual factors,
some of which are lacking in the extant literature. This
helps explain the underlying logic guiding AM adoption
decisions. Secondly, in the form of our first framework,
we elaborate theory through construct specification, by
enriching the RA construct with empirically grounded
specifications of RA subdimensions and contextual fac-
tors for more accurate prediction of managers’ intention
to adoptAMwithDOI in the production and aftermarket
domain (Fisher and Aguinis 2017). Thirdly, we devel-
oped a second framework that explains seven types of
AM adoption decisions based on specific combinations
of RAs, emphasising their interactions and the contextual
factors relevant to low-volume industrial applications.
We mapped out different classes of low-volume indus-
trial components suitable for AM. Our study enhances
the theoretical foundations of AM adoption, for produc-
tion researchers to generate further insights about the
diffusion of AM in different industries.

The remainder of the paper is organised as follows.
Section 2 reviews the AM adoption literature, which fol-
lows exploratory and theory-testing approaches respec-
tively. Section 3 presents the qualitative methodology
adopted. Section 4 details the analysis and findings syn-
thesisedwith existing literature and presents a framework
for AM adoption. Section 5 discusses the theoretical and
practical implications of the study. Section 6 concludes
with a summary of the study and outlines limitations and
future research directions.

2. Literature review

The introduction of AM for industrial production (Kha-
javi, Partanen, and Holmström 2014) has increased the
curiosity of researchers on the factors which influence
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adoption decisions of organisations. This has led to the
development of the AMadoption literature, which is sub-
divided into the exploratory and theory-testing streams.
We discuss the contributions of these streams below in
order to establish the relevant gaps.

2.1. Exploratory studies on AMadoption

In the early days of AM management investigation,
researchers applied exploratory approaches to under-
stand factors driving AM adoption for various indus-
trial applications. Mellor, Hao, and Zhang (2014) con-
ducted a single case study on a manufacturing organi-
sation exploiting the design freedoms in AM to produce
lighter components for aerospace. Through case studies,
Rylands et al. (2016) demonstrated how twoMSMEs used
design freedoms inAM to create complex geometries and
durable components to compete with customised offer-
ings. Sandström (2016) investigated how AM enabled
hearing-aid manufacturers to eliminate manual produc-
tion processes and produce higher quality products at
reduced cost and lead times, whilst meeting personal-
isation requirements of customers. Beltagui, Kunz, and
Gold (2020) investigated how 3D printing facilitates
open design and production ofmobile phone accessories,
social sustainability being a major driver for adoption. In
construction, Adaloudis and Bonnin Roca (2021) inves-
tigated how AM provides a solution to skilled labour
shortage problem in central and northern Europe, reduc-
ing labour costs and increasing productivity, making
economic benefits the primary motivation for adoption.
Ronchini, Moretto, and Caniato (2023) conducted 10
case studies in various industries demonstrating how
design freedoms with AM enabled manufacturers to
make products with enhanced functionality and aesthet-
ics, meeting customisation requirements and supporting
differentiation strategies. However, the study found no
process or SC-related benefits associated with AM adop-
tion. Dhir et al. (2023) explored AM adoption in large
and small firms and identified four facilitators influenc-
ing AM adoption: agility, versatility, efficiency and effec-
tiveness, strategic leverage and sustainability; however,
there was no clear delineation of the application con-
text. Haug et al. (2023) developed a model to show the
importance of organisational maturity in realising AM
adoption benefits in terms of quality, cost and time. Peron
et al. (2025) conducted a Delphi study in various sec-
tors showing the importance of design flexibility in AM
for customisation and lightweight components, as well
as scope for SC simplification and spare parts provision
for ageing products. Priyadarshini et al. (2023) conducted
a systematic literature review of AM in the health sec-
tor and summarised adoption benefits into 6 categories

(time, cost, performance, sustainability, human resource
management and customer-oriented benefits) at various
stages of products’ lifecycle. Through a systematic liter-
ature review, Naghshineh (2024) identified AM’s critical
role in enabling a wide product range, customisation and
shortened lead time in the production phase.

These studies are summarised in Table 1 in terms
of application, drivers of adoption and contextual fac-
tors. Whilst this is not an exhaustive list of exploratory
AM management research, collectively they highlight
the context-dependent nature of AM adoption decisions
based on the alignment of performance-related attributes
of AM with industry and market conditions. The domi-
nant AM adoption drivers are product-centred, aiming
to create a wide variety of products for personalised
markets (for instance, in the case of medical products),
and also to reduce lifecycle costs through lightweighting
(for instance, in the aerospace and automotive indus-
tries). Process-related drivers such as SC simplification
and lead time reduction appear to exist in sectors with
complex assemblies such as Aerospace and Automo-
tive. These sectors also provide opportunities for spare
parts provision with AM for ageing products as opposed
to the medical sector where there is appetite for new
products to guarantee patient safety (Peron et al. 2025).
Cost reduction opportunities exist for AM in labour-
intensive applications in medical and construction, espe-
cially where labour shortages exist (Adaloudis and Bon-
nin Roca 2021). Sustainability dimensions, which are
least mentioned, exist in open-design for consumer
markets, bio-materials and distributed manufacturing
for medical products (Beltagui, Kunz, and Gold 2020;
Priyadarshini et al. 2023). According toDOI theory, these
performance-related attributes of AM usually reflect the
degree to which AM is perceived as superior to tradi-
tional manufacturing or its RA and influences the adop-
tion intention of managers (Rogers 2003, 229). How-
ever, the existing fragmentation in the adoption liter-
ature makes it difficult to delineate the specific sets
of RAs that are suited to particular application con-
texts (Fisher and Aguinis 2017), which remains a major
research gap and challenge for further adoption of AM in
practice.

2.2. Theory testing studies on additive
manufacturing adoption

Management research has a longstanding tradition of
applying innovation theories in identifying factors which
influence adoption decisions of emerging technologies by
organisations. The same approach has been adopted in
the AM context to understand why different entities are
adopting the technology. These theories differ in terms of
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Table 1. AM adoption drivers and contextual factors.

Reference Methodology Industry Application AM Adoption drivers Contextual factors

Mellor, Hao, and Zhang
(2014)

Qualitative case study Rapid prototypes, aesthetic
models, low volume
components for
Aerospace, automotive,
medical

Design freedom and lighter
parts

Unstable market

Rylands et al. (2016) Qualitative case study Filter and tool production Complex geometries,
durability, agility

Competitive pressures,
batch production
environment,
customisation

Sandström (2016) Qualitative case study Medical devices/Hearing
aid

Enhanced quality, cost and
time-consuming manual
labour reduction.

Stable and consolidated
industries,
low-bargaining power of
buyers and high prices

Beltagui, Kunz, and
Gold (2020)

System dynamics Mobile phone accessories/
Electronics

Facilitates open design, social
sustainability

Aftermarket customisation,
innovative customers

Adaloudis and Bonnin
Roca (2021)

Qualitative interviews Construction Labour cost Automation and skilled
Labour shortages.

Dhir et al. (2023) Qualitative
open-ended essays

Small Scale Enterprises
(SMEs) and Large Scale
Enterprises

Agility, versatility, efficiency
and effectiveness, strategic
leverage, and
sustainability-orientation

Firm size, Variances in
outcomes

Ronchini, Moretto, and
Caniato (2023)

Qualitative case study Rapid manufacturing,
prototyping and tooling/
Oil and gas, aerospace,
medical, industrial
production, automotive

Enhanced product
functionality (weight
reduction) and design
freedom

Customisation,
differentiation strategies

Peron et al. (2025) Structured Literature
Review and Validated
Delphi Study

Medical, aerospace and
automotive sectors

Aerospace, medical and
automotive – Design
flexibility. Aerospace and
automotive – Simpler Supply
Chains, parts consolidation,
Spare parts provision for
aging products, repair

Customisation, light
components, complex
SCs.

Priyadarshini et al.
(2023)

Structure Litera-
ture Review

Health sector Time, cost, product
performance, design,
sustainability, ethical,
customer oriented

Personalisation

Naghshineh (2024) Structure Litera-
ture Review

Not context specific Wide product range,
customisation and shortened
production lead time

Not context specific

the dimensions of technology adoption drivers that are
tested for relevance, however there are some similarities
between dimensions (e.g. relative advantage and perfor-
mance expectancy) (Schniederjans 2017). Dimensions
captured by these theories include attributes of the inno-
vation in question, individual users, organisations and
industries. Collectively, the values of these dimensions
assist researchers in understanding the conditions which
lead to the adoption of a particular innovation, because
of their influence on adoption intentions of managers
(Schniederjans and Yalcin 2018). In a consumer context,
Wang et al. (2016) applied DOI theory and Technology
Acceptance Model to investigate 3D printing adoption,
concluding that perceived ease of use, usefulness, enjoy-
ment and compatibility significantly influenced adoption
decisions of users of 3D printers in China. Calli and Calli
(2020) applied the Technology Acceptance Model and
determined that personal innovativeness of 3D printer
owners significantly affects their intention to use, distin-
guishing them from non-owners who are motivated by
perceived ease of use and enjoyment.

In an industrial context, Schniederjans (2017) applied
DOI and Unified Theory of Acceptance and Use of
Technology to manufacturing companies in the US to
determine that RA, performance expectancy, compat-
ibility and facilitating conditions were key AM adop-
tion drivers; however, 74% of the organisations in the
sample used AM for prototyping and demonstration
purposes. Schniederjans and Yalcin (2018) reached sim-
ilar conclusions by applying Unified Theory of Accep-
tance and Use of Technology, Diffusion of Innova-
tion, Institutional theory, Technology Acceptance Model
and Theory of planned behaviour on adoption drivers,
adding perceived usefulness, social and coercive pres-
sures as significant adoption drivers; again 76% of
companies in the sample used AM for prototyping.
Yeh and Chen (2018) explored AM adoption deci-
sions in Taiwanese manufacturing enterprises using
the Technology-Organisation-Environment-Cost frame-
work, concluding that cost (material, machine, soft-
ware) was the most critical factor influencing adoption
decisions, as well as RA, top management support,
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competitive pressures and market trends. Tsai and
Yeh (2019) surveyed Taiwanese manufacturers, applying
Technology-Organisation-Environment frameworks and
rough set theory, reaching similar conclusions namely
environment, technology, cost and organisation being
significant AM adoption drivers. Using system dynamics
and DOI theory, Kunovjanek and Reiner (2020) con-
cluded that AM’s RA in reducing raw material inventory
by 4% would enhance diffusion rates in different indus-
tries. Handfield et al. (2022) applied Rogers and Shoe-
maker’s technology adoption framework to a small sam-
ple of Canadianmanufacturers concluding the RA of AM
is the most crucial in adoption decisions, as well as com-
patibility, complexity, trialability and observability. Using
institutional theory, Ukobitz and Faullant (2022) also
emphasised the importance of technological attributes in
adoption decisions by highlighting the mediating role of
AM’s perceived value between isomorphic pressures and
adoption intentions of Mexican footwear manufactur-
ers. Using Technology-Organisation-Environment-Cost
frameworks and Technology Acceptance Model, Alma-
hamid et al. (2022) concluded that technological useful-
ness and ease of use are critical for adoption decisions for
stakeholders in the gulf region, albeit with a very small
sample size.

A summary of these studies is provided in Table 2
to highlight the theoretical orientations, methodologi-
cal approach, sampling considerations and pertinent AM
adoption drivers. DOI has the highest prevalence across
studies whether used as a standalone or in combina-
tion with other theories. The studies show a significant
reliance on the innovation characteristics, specifically as
relates to its performance-related attributes (i.e. RA, per-
formance expectancy, perceived usefulness etc.) as dom-
inant predictors of AM adoption. However, the specifica-
tions of these constructs apply to generic advantages of
AM across the manufacturing lifecycle (See appendix A
for existing specifications of AMperformance attributes).
To improve the predictive efficacy of these constructs for
industrial production applications, construct refinement
is needed to accurately reflect AM’s relative advantages
in reality (Fisher and Aguinis 2017).

2.3. Theoretical framing

The preceding review shows the salience of performance-
related innovation attributes of AM in predicting the
adoption decisions of managers. These decisions usu-
ally involve evaluation of innovation capabilities against
other existing alternatives. RA from DOI theory ade-
quately captures this attribute, as it expresses the degree to
which AM is perceived as being superior in performance
toTM(Rogers 2003, 229). Therefore, the higher theRAof Ta
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AM compared to TM, the higher its likelihood of being
adopted by potential users in different contexts (Rogers
2003). RA more accurately reflects the emphasis on rel-
ative performance of two technologies, as opposed to
other constructs (e.g. performance expectancy and per-
ceived usefulness), which focus on the intrinsic perfor-
mance of the emerging innovation (Schniederjans 2017;
van Oorschot, Hofman, and Halman 2018). It there-
fore represents the principal construct in this study. RA
has featured in past AM adoption literature, however
the studies have shortcomings which affect their effi-
cacy in predicting AM adoption for industrial end-use
components. Firstly, samples in the theory-testing stud-
ies are not focused on industrial production of end-use
parts. Some study samples lack clear statistics on the
kind of AM applications (Almahamid et al. 2022; Tsai
and Yeh 2019; Ukobitz and Faullant 2022; Yeh and Chen
2018); some are consumer applications (Calli and Calli
2020; Wang et al. 2016), others possess this information
but are a mixture of prototyping, customer demonstra-
tion and production applications (Handfield et al. 2022;
Schniederjans 2017; Schniederjans and Yalcin 2018).
This is reflected in the specifications of the RA con-
struct in most studies, which do not reflect the specific
use of AM for industrial production (Fisher and Agui-
nis 2017). For example, specifications of RA in existing
studies refer to the use of AM to improve employee
productivity, prototyping, design validation, speed of
product introduction etc. (refer to appendix A). Appli-
cation of these formative dimensions in theory-studies
could provide misleading insights about diffusion of
AM into mainstream production, where it has promised
much potential for process transformation (Diaman-
topoulos and Winklhofer 2001). On the other hand, the
exploratory approaches are able to tease out contextual
factors around AM adoption, however, these insights
are fragmented across application contexts. Collectively,
both literature streams lack holistic framework, which
explains the combination of RAs that influence adoption
decisions for different industrial applications, the sources
of these RAs and associated contextual factors (Jimo et al.
2022; Patil et al. 2022; Ronchini, Moretto, and Caniato
2023). Therefore, by means of the two research ques-
tions presented in the introduction, we seek to address
these gaps by generating empirical details to refine the
RA construct for DOI theory in the context of indus-
trial AM (Fisher and Aguinis 2017). Consequently, the
study focuses on the innovation-attribute dimension of
DOI, and does not cover other aspects of adoption in
DOI such as the innovation process, adopter categories
and communication channels, which are beyond its
scope.

3. Methodology

3.1. Research approach

Our research explored 18 industrial AM applications
where the technology was used to produce end-use com-
ponents to specifically investigate RAs associated with
production, distinguishing it from earlier approaches
that included prototyping in the study sample (Handfield
et al. 2022; Schniederjans 2017). A qualitative approach
was employed to elaborate on the RAs of adopting AM
and associated contextual factors in a production context,
in line with our RQs (Bryman 2015; Miles 2019). This
approach enables the isolation of relevant adoption fac-
tors related toAM’sRAs to facilitate construct refinement
for theory building (Fisher and Aguinis 2017). Qualita-
tive approaches are suitable for investigating phenomena
in emerging contexts where theoretical foundations are
developing (Flick 2018; Meredith 1998). Our qualita-
tive approach relied primarily on semi-structured inter-
views to build evidence of factors surrounding AM RAs
for low-volume industrial production. These interviews
were complemented by other secondary sources, includ-
ing company websites, online case studies, project direc-
tories, and company brochures, which provided infor-
mation about respective industrial applications (Miles
2019). These applications involved the use of AM to
make components, which were formerly produced with
TM, for assembly and maintenance and repair opera-
tions (MRO). This approach enabled us to identify and
group the key themes related to individual AM adoption
decisions. The unit of analysis of our study is the AM
adoption decision associated with particular low-volume
production components (Mena, Humphries, and Choi
2013). We deliberately excluded prototyping applications
from our study because we were interested in decision
criteria for industrial end-use production in-linewith our
research objectives (Delic and Eyers 2020).

3.2. Study sample and data collection

A purposive sampling approach was applied, focusing
on organisations that had adopted AM for production
of components for assembly and MRO (Curtis et al.
2000). This sample was adopted in order to enhance con-
struct validity and extend theoretical insights on AM’s
RA for producing end-use components (Voss 2010). Par-
ticipating organisationswere recruited through a range of
channels including cold-calling, linkages with academic
colleagues in foreign institutions and attending confer-
ences and tradeshows. The largest number of leads was
generated by attending tradeshows and workshops in the
UK dedicated to AM. Deliberate efforts were made to
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target suppliers and focal firms adopting AM, to enable
exploration of their adoption decisions by discussing
with company representatives at presentations and prod-
uct stands. Furthermore, snowball sampling was applied
at these events for links to other manufacturing cluster
organisations and AM companies (Bryman 2015; Guba
and Lincoln 1994).

Overall, this process generated a sample of 18 appli-
cations in 18 organisations. 13 organisations used AM
for batch production, 4 for spare parts production and
1 for repair. Their applications were driven by sev-
eral metal and polymer AM processes which occupy a
sizeable portion of the market. The processes include
Selective Laser Melting (SLM), Fused Deposition Mod-
elling (FDM), Directed Energy Deposition (DED) and
High Speed Sintering (HSS) (Durach, Kurpjuweit, and
Wagner 2017). Most organisations in our sample are
located in countries that are significantly advanced in
AM development (i.e. UK, USA and Germany). Conve-
nience sampling was used to include 2 companies from
India as the authors had access through engagements on
another research project. These organisations are rep-
resented by pseudonyms to mask their identities. Data
collection was primarily based on semi-structured inter-
views with company respondents across organisations.
Snowballing was applied from initial interviews to gen-
erate additional leads in respective organisations, where
possible, to enhance construct validity (Bryman 2015).
Triangulationwas achieved through interviewswithmul-
tiple respondents in each organisation and secondary
sources including company websites, online brochures
and case studies (Langley and Abdallah 2011). Respon-
dents were selected specifically because of their knowl-
edge of AM adoption for respective applications and
ranged from top-level, mid-level management and junior
level employees (Curtis et al. 2000). The interview pro-
tocol was underpinned by an exploratory orientation
of technology adoption theory i.e. seeking to uncover
RAs of adopting AM without prior specification of the-
oretical dimensions (Bryman 2015). This protocol was
piloted in four organisations that were in early stages
of AM adoption, between August and December 2018,
after obtaining approval from an ethical review commit-
tee. Subsequently, data collection in the 18 organisations,
included in our sample, was conducted between January
2019 and March 2022.

A total of 24 interviews, lasting between 1 and 2
hours, were conducted via face-to-face meetings (13),
Skype (8) and telephone calls (3). All interviews were
voice-recorded after obtaining informed consent from
participants. Respondents were asked to explain the
background of AM adoption in their organisations and
motivations for selecting the technology for a particular

component (see Appendix A for a detailed interview
protocol). Some organisations provided samples of the
subject components, during interviews, providing the
opportunity to confirm elements of adoption elicited
during interviews to enhance construct validity (Voss,
Tsikriktsis, and Frohlich 2002). In addition, company
websites, brochures and online case studies were drawn
upon as secondary data sources to triangulate inter-
view data (Creswell and Miller 2000). A summary of
the organisations, including respective sectors, location,
application type, AM process type and data sources are
provided in Table 3.

3.3. Data analysis

Interviews were transcribed using QSR NVivo Pro 12,
providing an initial opportunity to understand the data
and generate tentative themes which supported detailed
analysis in subsequent stages (Miles 2019, 74). For exam-
ple, data transcription enabled detection of RAs and
associated contextual factors of applications, which aided
generation of initial themes. A database was maintained
on NVivo Pro 12 to store interview recordings, tran-
scripts, email communications, online case studies in
readiness for data analysis to enhance reliability. Sec-
ondary sources were analysed to triangulate interview
data in terms of AM’s RA, to further enhance construct
validity (Eisenhardt 1989). Thematic analysis was con-
ducted on the interview data, to generate the relevant
themes that explained the RA dimensions and contex-
tual factors influencing AM adoption decisions (Braun
and Clarke 2006). The coding of the interview data was
done in two rounds. The first round involved coding of
RAs influencing AM adoption decisions, according to
the definition of DOI, and contextual factors associated
with those decisions (Rogers 2003). These extracts were
coded to nodes on NVivo Pro 12 as descriptive codes.
This first-order analysis involved compressing data into
brief phrases that were salient to answering our RQs.
This resulted in the generation of first order codes for
RAs and contextual factors. As we coded the RAs and
contextual factors, we discovered that some informant
terms (e.g. lightweighting for light parts, manufacturing
complexity for simpler SCs) were not cited verbatim in
the literature, however, they were adopted because they
more accurately reflected the purpose of the research
questions (Patil et al. 2022). In other cases, informant
terms were cited verbatim in literature (e.g. durability,
repair) and were adopted. This iterative process enabled
us to ground emerging concepts in the literature (Gioia,
Corley, and Hamilton 2013). Subsequently, pattern cod-
ing was used to categorise related descriptive codes into
sub-themes, which represent the different RA sources
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Company Employees Sector Country Application Type AM Process Interview Duration No. of Interviewee(s) Secondary Sources

Aero1 < 500 Aerospace UK batch production SLM 120mins 2 – Head of strategy (HS), Project
Engineer (PE)

Company website, online case
study

Aero2 < 500 Aerospace UK batch production EBM 131mins 2 – Principal Research Engineer (PRE),
Lead Transformation Advisor (LTA)

Company website, online case
study

Aero3 < 200 Aerospace UK Spare-part production SLM 105mins 1 – Additive Manufacturing lead (AML) Company website, project
directory

Aero4 < 50 Aerospace India batch production SLM 80mins 2 – CEO, Partner Company website, online case
study

Aero5 < 100 Aerospace UK batch production HSS 90mins 1 – R&D Engineer (R&DE) Company website
Aero6 < 12,000 Aerospace USA batch production SLM 165mins 3 – Additive Manufacturing Manager

(AMM), Director of Advanced
Manufacturing (DAM), Senior
Engineer (SE)

Company website

Aero7 < 300,000 Aerospace UK batch production EBM 80mins 1 – Lead Materials and Process
Engineer (LM&PE)

Company brochure

Aero8 < 10,000 Aerospace UK Spares SLM 97mins 1 – Materials and Process Engineer
(M&PE)

Company website

Auto1 < 10,000 Motorsport UK batch production SLM 80mins 1 – Principal Engineer (PE) Company website
Auto2 < 100 Motorsport UK batch production SLM 160mins 2 – Technology Director (TD),

Manufacturing Development Lead
(MDL)

Company website

Auto3 < 11 Motorsport UK batch production EBM 80mins 1 – Managing Director (MD) Company website,
manufacturing process
brochure

Auto4 < 10,000 Automotive Germany batch production SLM 95mins 1 – ProgramManager, Additive
Manufacturing (PMAM)

Company website

Auto5 < 10,000 Automotive UK Spare-parts production FDM 80mins 1 – Senior Engineer (SE) Company website
Power1 < 500 Nuclear Power Generation UK Repair DED 105mins+ plant tour 1 – Additive Manufacturing Lead (AML) Company website
Power2 14,000 Power-Generation Germany batch production SLM 86mins 1 – R&D Engineer (R&DE) Company website
Power3 < 400,000 Power-Generation Germany Spare-parts production SLM 116mins 2 – VP Additive Manufacturing,

(VPAM), Business Development
Officer (BDO)

Company website

MarineCo < 10,000 Marine Netherlands Spare-parts production D.E.D. 120mins 1 – Project Engineer (PE) Company website, online case
study

RailCo < 1000 Rail UK Spare-parts production FDM 76mins 1 – VP Consulting Company website
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influencing adoption decisions and contextual subfactors
(Saldaña 2021). Lastly, axial coding was employed to
identify the relationships between contextual subfactors
and RA sources. These sub-themes were aggregated into
higher-level RA and contextual factors, which represent
the focal points of AMadoption decisions. The same pro-
cess was repeated for all interviews in each organisation.
The nodes on NVivo Pro 12 facilitated the clustering of
related themes across applications (Miles 2019). In our
analysis section, we discuss this RA sources and the con-
textual factors which generate them on the product and
process level. Subsequently, we develop an AM adoption
framework, clustering AM applications into seven deci-
sions based on their combination of RAs and supporting
contextual factors.

4. Analysis

A theoretical structure emerged from the rounds of data
analysis to explain the RAs which influence AM adop-
tion decisions and associated contextual factors. Table 4
displays how the second-order RA dimensions emerged
from the interview data. These second-order themes rep-
resent the different sources from which AM’s RA can
be derived, based on the specific production application
characteristics. For example, lightweighting and man-
ufacturing complexity represent opportunities for AM
to generate RAs compared to TM from a product and
process perspective respectively. These RA sources are
dependent on the existence of a set of contextual con-
ditions in the TM context to make AM viable for adop-
tion. Table 5 displays how the contextual subfactors were
derived from the interview data as second-order themes.
Axial coding revealed the linkages between the con-
textual subfactors and RA sources. The values of these
contextual subfactors in the TM context determine its
potential to serve as a source of RA for AM. For example,
a high part/joint count in a TM component represents an
opportunity to generate multiple RAs with AM through
lightweighting, durability and manufacturing complex-
ity. These relationships between RA sources and contex-
tual factors, as derived from axial coding in Table 5 and
summarised in Table 6.

4.1. Overview of relative advantages and related
contextual factors

The RA sources are consolidated into product and pro-
cess dimensions namely: Product performance, Process
Cost and Process Speed. The analysis of 18 low-volume
production applications reveals that the primary motiva-
tions of managers for adopting AM are associated with
these three RAs, which can be generated via a range of

sources. They represent the degree to which AM sur-
passes TM in product and process performance, thereby
positively influencing managers towards adopting AM.
The potential for AM to generate RAs from these sources
is dependent on product/service, demand, supply-side
and technological/process conditions (Table 5) which
exist in the subject TM context. Product performance
was the most dominant RA, making up one of the adop-
tionmotivations for 15 out of 18 applications; followed by
process cost and process speed, which formed one of the
adoption motivations for 10 out of 18 applications each.
11 adoption decisions were influenced by a combination
of two RAs, 5 by one RA and 2 applications involving
the combination of all three. The following subsections
present the findings of the analysis of these product and
process RAs and contextual factors.

4.1.1. Product performance relative advantages
There was a clear rationale for manufacturers to extend
the performance frontiers of their products by deploying
design and manufacturing capabilities of AM. A com-
mon rationale for adopting AM by most manufacturers
was its RA in producing complex geometries, which are
impossible with TM.With TM, the performance of com-
ponents is heavily constrained by themanufacturing pro-
cess, however AM created scope to enhance component
performance and by extension, the products they are part
of. This view was expressed by respondents from organ-
isations involved in Aerospace, Power-Generation and
Motorsport applications (Aero1, Aero2, Aero8, Aero 6,
Auto1, Auto2, Auto3, Power1, Power2) which demand
high performance and are usually considered high-value.
‘With the current manufacturing techniques, you can be
quite limited to shape. With 3D printing, you could cre-
ate very different shapes of your overall heat-exchanger’
(MDL, Auto1). ‘Some of those geometries, you can make
with additive, it’s not possible to do with conventional
machining’ (AMM, Aero6). ‘In this particular case, the
idea was, by additive you can design it in a way you
never would be able to do it with conventional’ (VP,
Power 2).

By pushing the boundaries of design through AM, our
analysis reveals several product-performance RAs, which
organisations are able to achieve in comparison to TM,
namely: lightweighting, durability, volumemaximisation
and energy savings. These are discussed in the following
subsections.

4.1.1.1. Lightweighting. Through geometric freedoms
and part-consolidation, AM is capable of fabricating
components that deliver superior performance over the
product’s lifecycle in service (e.g. aircrafts, vehicles).
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Table 4. Illustrative evidence of relative advantage sources.

Illustrative quotes 1st Order Codes Sub-theme – 2nd Order
Categories: Relative
Advantage sources

2nd Order Themes:
Relative Advantage

‘The AMpart is lighter and less complex than the original. You don’t have the different bits that are put together through
honeycomb andmetal sheets.’ (M&PE, Aero8)

Reduced complexity makes part lighter Lightweighting Product Performance

‘The old design is traditionally made for stamping. The new AM part is topologically optimised and was 75% lighter.’
(PMAM, Auto4)

New design made part lighter

‘The AM propeller is harder, stronger, tougher than the casted one, which eventually gives us a longer life.’ (Project
Engineer, MarineCo)

Stronger part than the former Durability

‘For life extension, it’s a case of using AM. It allows you to take a part that has been in service for a long time andupgrade
it.’ (AM Lead, Power1)

Extended lifetime

‘The original part wasmore of a consumable part, so there were lots of spares stored, whereas, the new and the AM one
is muchmore robust, you can keep fewer stored, you need less replacement parts’ (M&PE, Aero8)

Durable parts reduce inventory-holding
requirements

‘It wasn’t maximising the volume, so we used AM to improve the component’s size.’ (PE, Aero1) Improved component dimensions to utilise
space

Volume maximisation

‘With swirling channels, you can have internal features, which create turbulence and boosts performance leading to a
smaller part.’ (PE, Auto1)

Complex design to reduce component size

‘AM allows us to design a filter that filters without increasing the pressure drop, optimising energy use.’ (R&DE, Power2) Designs to optimise energy use Energy savings
‘AM allowed us to generate features that gave us better heat exchange for less pressure drop.’ (MDL, Auto2) Design features for energy optimisation
‘It’s quite a number of bits that need to be assembled. It’s the labour hours of the assembly really that we are trying to
get away from by using AM.. you’ve got to assemble it by hand which obviously takes quite a lot of labour and labour is
quite expensive’ (LM&PE, Aero8)

Using AM to reduce assembly, labour and costs Manufacturing complexity
reduction

Process Cost

‘We improved it with more complex AM designs, fewer components, manufacturing steps, and actually reduced costs.’
(R&DE, Power2)

Reduced production complexity reduces cost

‘The interest in using AMwas for hard-to-reach places, sections of components thatwould usually be avoided. You scrap
it for that reason.’ (AML, Power1)

Overcome inability to repair Repair

‘Therewas ahigh replacement rate of tool sleeves. In some caseswhere they canbe bought individually, it is prohibitively
expensive. They are just plastic hollow cylinders that we print without support material.’ (SE, Auto5)

Repair to reduce cost of replacement

‘It was cheaper with AM. Because there was no tooling investment involved, in the automotive industry, it is often the
case that the customer pays for the stamping tools. This was a part for Rolls-Royce in the very low volume segment, a
very small number of parts per year.’ (PMAM, Auto4)

No tooling enables small volume production
and cost reduction.

Tool elimination

‘Youcan lookat this in variousways; value toour customers throughperformance improvement, cost savings, repairabil-
ity, less logistics andmaintenance burden, as parts don’t get damaged as often.’ (M&PE, Aero8)

Reduced inventory burden and costs Inventory reduction

‘they are keenonhowAMcanbeused to alleviate someof the issues that they havewithmassive stock pile of parts.
Having a stock pile of parts means you’ve locked down a lot of real estate, space as well as resources locked down,
in those spaces. Obviously thematerial costs and initial investments to evenmake those parts in the first place. Is all
been tied up, usually for a long time andmajority are never used at all. So you have that massive economic impact’
(PR, MarineCo)

Reduced inventory requirements with AM and
costs

[For Traditional Manufacturing] ‘We have issues with pure availability. If it was a casted component and the casting
house got burned down, we have a six-month wait to get parts.’ (AML, Aero3)

Overcome risk of unavailability Supply Risk Process Speed

‘AM was considered because there was virtually no stock available for a legacy component. We had a real long legacy
product where not only does nobody know where the tool even is, nobody even knows who the original manufacturer
was . . . that’s quite common.’ (VP AM, RailCo)

No legacy component stock

‘From the supply chain point of view, making the hubwill be a lot quicker and easier with AM, because it is smaller than
having tomake a large propeller by casting.’ (PE, MarineCo)

Reducing production lead times with AM
compared to casting

Process lead time
reduction

‘Trying to make a very complex bracket in traditional methods, e.g. casting, you are probably looking for a six-month
lead time, as opposed to a few days.’ (CEO, Auto3)

Long process lead times with casting

[For TraditionalManufacturing] ‘If it’s an expensivematerial, it can be tricky to get hold of quickly. You are allowing lead
time reduction with AM.’ (HS, Aero1)

Supply lead time reduction Raw-material lead time
reduction
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Table 5. Illustrative evidence of contextual factors.

Illustrative quotes 1st Order codes 2nd Order category –
contextual sub-factor

Theme –
contextual factor

‘It’s also lighter than the original part. It’s less complex because youdon’t have all the different bits that are put together
through honeycomb and metal sheets.’ (Aero8, M&PE)
‘If you 3D print it as one, then you don’t need all that interface to be able to bolt it. It’s a single unit, so you reduce all
those additional features and that effectively saves weight.’ (MDL, Auto2)

Reduced part and joint count reduce
weight

Part/Joint Count (High or
Low)

Product/Service
Characteristics

‘You can also improve the reliability of a component by reducing the parts count, but that’s kind of less tangible than
an energy reduction.’ (SE, Aero6)
‘One of the advantages of additive is that you candesign a lot of these joining features out so that youdon’t have 50,000
brazed joints, you have one big fully welded part effectively.’ (TD, Auto2)

Reduced part and joint count increases
durability

‘The component had quite a complex assembly of parts, the reduction in part count could sort of offset that change to
a slightly more expensive metal.’ (LM&PE, Aero7)
‘We can actually reduce the costs in the sameway. Because as I said, up until now, we have 70 components. Afterwards,
we have one component. Fewer manufacturing steps, short process chain and supply chain. Much simpler.’ (R&DE,
Power2)

Reduced part count reduces
manufacturing complexity

‘The problem is how to design a filter that filters all the components but without increasing the pressure drop. Because
if we make a filter that only has small holes then we need bigger pumps, we lose energy.’ (R&DE, Power2)
‘In a perfect world, you want to take as much heat as you can with absolutely no pressure drop, but you can never
get that. It’s a balance and we felt that with 3D printing, we could generate some features that would give us a better
balance, better heat exchange for less pressure drop.’ (MDL, Auto2)

Design complexity increases energy
savings

Design Complexity (High
or Low)

‘The longer you want it to operate, if you want 10–20 years operating life, you have to think about the durability of the
parts.’ (AML, Power1) [For Traditional Manufacturing]
‘You bring together loads of parts together and brazing them together and what you find, therefore, is you get a lot of
failures of parts, so things have a shorter life.’ (TD, Auto2)

Durability drives longer lifetime and
vice versa

Lifetime (Long or Short)

[For TraditionalManufacturing] ‘Say it’s on a plane that was built 25 years ago, and they don’tmake that part in produc-
tion. Then they literally need a one-off but the supplier that made it 25 years ago may not even exist. Even if they do,
what’s the odds that they’ve got all the stuff that they used to make it the first time, all those sorts of problems. With
the age of some of the aircrafts that are flying around and the length of time they are flying around, serious issues arise
around parts that are hard to source’ (AML, Aero3)
‘3DPrintingwas consideredbecause the stockholdingof partswasgetting to a critical level. Therewas virtually no stock
available for a legacy component, so again, it’s a spare parts application, it’s an aftermarket application. You’ve got a
real long legacy product where nobody knows where the tool is, nobody even knows who the original manufacturer
was.’ (VP Consulting, RailCo)

Shorter lifetime reduces supply risk

‘With topological optimisation, you could swap entirely from ametal component to a polymer one, whilst ensuring you
have the same mechanical properties that are required of the application.’ (R&DE, Aero5)
‘Metal handles, they do have a weight penalty on an aircraft, so to turn them into polymer components will reduce the
weight substantially and obviously each.’ (M&PE, Aero8)

AM’s lighter material reduce part’s
weight

Material Type

‘We’ve found that you can replace many metal components with polymer parts, using the HSS process. HSS is
significantly cheaper and simpler than direct metal AM’ (R&DE, Aero5)

Change of material reduces
manufacturing complexity

‘There is an increasing trend of increasing power density of aero engines, i.e. maximising space and efficiency of every-
thing within that engine. So, you are generating more heat, and you have got to get rid of more heat, but there is less
space so we are exploring ways of downsizing the heat exchanger with additive manufacturing because it allows us
that design freedom to create more novel geometries and creating surface area.’ (HS, Aero1)
‘You can do that with the mixing, and you can do that by swirling the channels. You can have these internal features
in there, which then help create a little turbulence or turn it around. That boosts the performance which can then be
looking at a smaller part and a lighter part.’ (PE, Auto1)

Power density requirements increase
the need for volume maximisation

Power Density (High or
Low)

(continued).
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Table 5. Continued.

Illustrative quotes & 1st Order codes & 2nd Order category – contextual sub-factor & Theme – contextual factor

‘We’ve done some research into howmuch a kilogram can save you in terms of space launch, and the figures range anywhere
from £80 to £80,000 . . . Because every kilogram you have to get off the ground, you have to put fuel in to push it up.’ (PE, Aero1)
‘And it has huge advantages in aerospacewhere the cost to put an extra kilogram in the air is phenomenal. So, if we can reduce
say a few grams off the bracket, we have fantastic cost-saving benefits.’ (R&DE, Aero5)

Reduced weight reduces fuel costs Fuel Cost

[For Traditional Manufacturing] ‘Their bill of materials (BOM) is made up of 6,000 components and there are certain 4 or 5
components that they could not produce quickly. So, their BOM gets disrupted and timelines go haywire. They are focusing on
maintaining the supply chain for those components for the main subsystem to be realised.’ (Partner, Aero4).

Critical parts need rapid production Criticality

‘Airbus gets fined hundreds of thousands of pounds a day if a plane is broken down and their airlines have contracts. If we are
notmakingmoney from the plane and it’s your fault, then you are giving us thatmoney. It’s almost a cost is no object. It’s about
service level and lead time.’ (AML, Aer03)
‘You’ve got the situation where if we don’t get these parts throughmanufacture, we will not have this rolling stock on the rails.
And it will cost thousands and thousands of pounds a day in either lost revenue or penalties. That’s why, in that particular case,
the client wanted to investigate additive manufacturing.’ (VP Consulting, RailCo)

High downtime costs increase the
need to reduce supply risk

Downtime costs (High or
Low)

‘The original partwasmore of a consumable part, so therewere lots of spares stored,whereas, the AMone ismuchmore robust,
you can keep fewer stored, you need less replacement parts, so as well as beingmore robust and light, it decreases the burden.’
(M&PE, Aero8)
‘The major, reason why they shifted from 5 assembled components to one was reducing the number of subassemblies and
reducing the chances of failure.’ (Partner, Aero4)

High failure rate drives the need for
durable parts

Failure Rate (High or low)
Demand

Characteristics

‘They say we need one of these and you start making one. There is no way, and that’s going to be kind of the nature of it,
because if you could anticipate it then, they could probably find a cheaper way of getting it done than a rapid spare.’ (AML,
Aero8)

Rapid production suits parts with
uncertain demand

Demand Uncertainty
(High or Low)

‘Yeah, it’s the scarcity of the part and the cost of remanufacturing, using traditional manufacturing. At the end of the day, we
can pretty muchmake anything but it is the economics of do we tool up tomake these things or do wewant them in relatively
small volumes.’ (VP Consulting, Railco)
‘The component is a very very low volume segment. You can imagine howmany parts that would be per year.’ (PMAM, Auto4)

Very low volumes drive the need to
eliminate tooling

Volume (Low or
extremely Low)

‘The batch sizes, when we build an aircraft, we obviously, there is probably a bigger batch size. But repair and overhaul-wise, it
is extremely small. I would say it depends on the number of aircraft. If it is one aircraft, then there is a handful.’ (M&PE, Aero8)
‘Low-volume could be repair, you could be repairing a one-off part, it could be multiple parts that came off a production line,
but you only need to repair one, that’s a low-volume case study, how would you repair it, you can’t put it back into the line, so
you have to take it out, so DED is quite useful.’ (AML, Power1)

Repair demand is associated with very
low volumes

‘I guess in terms of there being a lot of different components, different variants, that’s a big driver, so if you have to then
somehow keep those in stockpile for a long time, that’s a massive investment for the company to do. Which has been pretty
much the biggest driver.’ (PE, MarineCo)
‘Realistically, we don’t need that, we need 100 sleeves or 1000 sleeves a year, whatever it is. And they might be different sizes,
they might be different lengths or diameters. So, we would have to buy an individual tool for each one.’ (SE, Auto5)

High variety drives inventory costs Variety (High or Low)

‘Ideally, you want to swap it around, but one of them things could cost you like £100 grand or more, so if you are not able to
replace it because obviously you just made this big expenditure, you still have 20 or 18 years to run and this is year 2. Because
it costs a lot of money and time to get another one, you would rather repair it, so, how can you repair it.’ (AML, Power1)
‘They found that they had a high replacement rate of tool sleeves. There are some cases where you buy the individual sleeves,
but even then, you pay a premium. They are just hollow cylinders made of plastic. And they go to Daghenam and say we can
print these no problem and they don’t need support material.’ (SE, Auto5)

High part replacement costs drive
repair

Part Replacement Costs
(High or Low)
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‘Because it was cheaper in AM. when I put in the design one by one-to-one, without AM design, it was just at the same price.
But the big issue that you didn’t have any investments for tools.’ (PMAM, Auto4)
‘At the end of the day, we can pretty much make anything, but it’s the economics of do we tool up to make these things or do
we want them in relatively small volumes.’ (VP Consulting, RailCo)

High tooling investments drive the
need to eliminate tools

Tooling Costs (High or
Low)

‘There are things like forgings that are made in Russia, I don’t know if that’s a thing at the moment. So, there is political risk
involved in the sourcing of parts, there is all sorts.’ (AML, Aero3)

High political risk increases supply risk
Political Risk (High or

Low)

‘Say it’s on a plane that was built 25 years ago, and they don’t make that part in production. Then they literally need a one-off
but the supplier that made it 25 years ago may not even exist.’ (AML, Aero3)
‘Additive Manufacturing was considered because the stock holding of parts was getting to a critical level. There was virtually
no stock available for a legacy component, so it is a spare parts application, it’s an aftermarket application. the cost . . . so again
what you’ve got is you’ve got real long legacy product where not only does nobody knowwhere the tool even is, nobody even
knows who the original manufacturer was.’ (VP, RailCo)

Supplier bankruptcy increases supply
risk

Supplier Bankruptcy

‘You are potentially allowing lead time reduction in terms of. If it’s an expensive material, it can be tricky to get hold of that
material quickly.’ (HS, Aero1)
‘One of the interesting things especially when you start looking at materials like Inconel is that you can have a six, eight, ten-
month lead time from the supply chain to get the Inconel because again it’s supply vs demand and the supply of it is not that
high because the demand is not that high.’ (AML, Aero3)

Unavailability of raw material increases
lead time

RawMaterial Availability

‘They are keen on how AM can be used to alleviate some of the issues that they have with amassive stockpile of parts, so that’s
been sort of the main driver.’ (PE, MarineCo)
‘You can look at this in three ways really, so value to our customers which should be performance improvement, cost savings,
decreased delivery time on the aircraft, repairability, so parts need less logistics or less maintenance, burden are ones that
are . . . don’t get damaged as much’ (M&PE, Aero8)

High inventory management costs
drive the need for inventory
reduction

Inventory Management
Costs (High or Low)

‘And they have managed to scan the housing and even though you could cast it, much cheaply . . . the supplier could easily
supply the housings, but they don’t want to because of their businessmodel. It is not worth us investing in the tools to cast the
stuff, but what we can do on a one-off or two-off basis if they break in individual housing, we could just print them a new one.’
(SE, Auto5)
‘Using your 3D scanning capability, you can extract enough information about the repair location and issues, using your
computer-aided, engineering tools for design, for CAD, CAM.’ (AML, Power1)

Reverse engineering enables repair Reverse Engineering
Technological
Characteristics

‘The individual bits of metal by themselves aren’t very expensive with sort of simple machining, but then you have got to treat
each bit of metal individually and paint it and you’ve got to assemble it by hand, which obviously takes quite a lot of labour
and labour is quite expensive.’ (LM&PE, Aero7)
‘The actual traditional component is made of metal sheets and honeycomb, which effectively involves a mixture of methods
including fastening, welding, additives, that kind of thing. It is also one of those things where there is amixture of polymer and
metal.’ (M&PE, Aero8)

High labour intensity and
manufacturing complexity

Labour Intensity (High or
Low)

‘You would say that the full advantage would come from design change. For an actual production solution through AM, but
as I said, that was more to look at, you know, as a fast option. If there were issues with lead time through casting, maybe the
tooling required, they could just directly just adopt AM were necessary.’ (PRE, Aero2)
‘Fromwhat we’ve seen, if I want to have a single propeller made, from a time/cost perspective, I don’t actually havemetrics for
you on this one, but it’s going to be months vs days in additive. So that’s a big step in this case. So, from the point of view, the
supply chain has an opportunity to do well. Casting is great when you’ve got a large batch size.’ (PE, MarineCo)

Slow process drives the need for lead
time reduction

Process lead time (High
or Low)
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Table 6. Causal relationships between contextual factors and rel-
ative advantage sources.

Contextual Factors Sub-factors Linked Relative
Advantage sources

Product/Service
Characteristics

Part/Joint count Lightweighting,
durability,
manufacturing
complexity

Design complexity Energy savings
Lifetime Durability, supply risk

reduction
Material type Lightweighting,

manufacturing
complexity

Power Density Volume maximisation
Fuel cost Lightweighting
Criticality Process lead time

reduction
Downtime costs Supply-risk reduction

Demand Characteris-
tics

Failure rate Durability

Demand uncertainty Process lead time
reduction

Volume Tool elimination,
inventory reduction

Variety Inventory reduction
Supply-side
characteristics

Part replacement costs Repair

Tooling costs Tool elimination
Political Risk Supply-risk reduction
Supplier bankruptcy Supply-risk reduction
Rawmaterial
availability

Raw-material lead time
reduction

Inventory
management costs

Inventory reduction

Technology/Process
Characteristics

Reverse engineering Repair

Labour intensity Manufacturing
complexity

Process Lead time Process lead time
reduction

Lightweighting was the most highly mentioned ratio-
nale for adopting AM amongst respondents for mobility-
related applications i.e. aerospace, motorsport, automo-
tive and marine (Aero1, Aero2, Aero4, Aero5, Aero6,
Aero7,Aero8,Auto1,Auto2,Auto3,Auto4, Trans1).With
lightweight components, airlines and space companies
are able to reduce fuel consumption on flights and satel-
lite launches, which is important because of expensive
jet fuel. ‘It’s competing with the traditional spherical com-
ponent.We’ve radically changed the design . . . that weight
reduction allows them to increase the payload of sensors
for experiments or whatever they are doing on the satel-
lites’ (HS, Aero1). ‘It’s a solid metal part, but it’s also
lighter than the original part. It’s less complex because
you don’t have all the different bits that are put together
through honeycomb and metal sheets’ (SE, Aero8). Simi-
larly, in themarine application, fuel optimisationwas also
important, therefore lightweighting benefits of AM also
informed the adoption decision. ‘There has been a mas-
sive push to improve efficiency through lightweighting. 1%
reduction in efficiency can give you massive savings in fuel

costs’ (PE, Trans1). An important application for motor-
sport companies was the production of heat exchangers
(Auto1, Auto2, Auto3), which are high-value compo-
nents containing hundreds to thousands of parts and
internal channels in traditional versions. Through parts-
consolidation, AM eliminates the need for joints, which
results in lighter components: ‘If you’ve got a series of
parts bolted together, if you 3D print it as one, then you
don’t need all those interfaces. It’s a single unit that effec-
tively saves weight’ (MDL, Auto1).

4.1.1.2. Durability. The second most prominent RA
under product performance was durability and this was
voiced by respondents in applications across all sectors
(Aero1, Aero4, Aero8, Auto2, Power1, Power3, Trans1).
Here AM’s capability in reducing the number of joints
and failure points of components through parts consoli-
dation increases the durability of components and their
service lifetime. This benefit was realised in applications,
where the TM components had high part counts. ‘You are
brazing loads of parts together and therefore you get lots
of failure, and shorter life. With additive, you can design
a lot of these joining features out, so that you don’t have
50,000 brazed joints’ (MDL, Auto 1). ‘The major reason
for additive was to shift from 5 assembled components to
one, reducing the number of subassemblies and chances
of failure’ (Partner, Aero4). Directed Energy Deposition
(D.E.D) was used in repairing an already existing dam-
aged and worn-out component, effectively extending its
lifetime. ‘AM, in this case, is similar to weld repairs. It will
allow you to upgrade an aged part that has been in service
for a long time, give it additional features and life extension’
(AML, Power1).

4.1.1.3. Volumemaximisation. According toAerospace
and Automotive respondents (Aero1, Aero6, Aero8,
Auto1, Auto2), manufacturers also sought to exploit
AM’s RA in creating smaller components which had
more optimised geometries for adequate space utilisation
in products that they are part of. ‘Originally the fuel tank
was spherical. But it goes in, one of the 10X10X10 areas
and wasn’t maximising the volume. So, we used AM to
reduce its size’ (PE, Aero1). ‘The shapes youmake with TM
are pretty limited and therefore the heat transfer is fairly
basic and the part, therefore, has to be bigger’ (TD, AMS1).
This volume-maximisation requirement is sought after in
aerospace and automotive applications, where there is a
demand for increased power density, wherein propulsion
systems need to generate more energy per unit volume.
‘There is an increasing trend for increasing power den-
sity of aero engines, which means, maximising space and
efficiency of everything within that engine’ (HS, Aero1).
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4.1.1.4. Energy savings. Energy savings was cited as a
rationale for AM adoption by respondents of aerospace,
automotive and power generation applications (Aero6,
Auto1, Auto2, Power 2, Power3). This mainly involved
a technical problem of increasing the performance of
components (e.g. heat transfer), without increasing the
pressure drop. AM’s RA in creating complex geome-
tries enables manufacturers to achieve a better balance
between these objectives than TM. ‘The problem is how
to design a filter that filters all particles without increas-
ing the pressure drop. Because if we make a filter that only
has small holes, then we need bigger pumps, we lose energy’
(RDE, Power1). ‘In a perfect world, you want to take as
much heat as you can with absolutely no pressure drop, but
you can never get that, it’s a balance and we felt that with
3D printing, we could generate some features that would
achieve that’ (MDL, Auto1).

4.1.2. Process costs relative advantages
As discussed in the preceding section, the superior prod-
uct performance benefits which AM generates compared
to TM, produce benefits over the product lifecycle in ser-
vice. That said, several organisations were motivated to
adopt AM to reduce process-related costs. Analysis of
interviews revealed that organisations were interested in
AM’s RA in reducing process-related costs via manufac-
turing complexity, tool elimination for small volumes,
repair and inventory cost reduction.

4.1.2.1. Manufacturing complexity reduction. Five
applications across aerospace and power generation
(Power2, Aero7, Aero2, Aero4, Aero5) were motivated
to adopt AM through anticipated cost benefits gener-
ated from complexity reduction associated with TM pro-
cesses. Complex manufacturing processes were typically
associated with complex components that consisted of
sub-components, which had to be fabricated separately
and assembled. The RDE of Power2 described AM’s RA
in simplifying the production process of a component,
which had 70 sub-components: ‘We cannot do it with TM
for a reasonable cost.We can improve it withmore complex
designs and actually reduce costs with AM. Formerly, we
have 70 components, now we have just one.’ Complexity
and increased costs are also generated due to the amount
of assembly and labour time required to produce compo-
nents. AM’s RA in reducing the amount of labour time
involved in manufacturing translates to direct produc-
tion cost reduction as expressed by the leadmaterials and
processing engineer of Aero7:

‘We looked for a complex assembly that has a lot of
hands-on skilled assembly time to be done. That adds
quite a big cost to the cost of the final component. Any-
thing you can do to get away, that saves a lot of money.’

Opportunities also exist to reduce process-related costs
by switching to AM through materials with compa-
rable characteristics to traditional materials, however
with a simpler AM production process. Aero5 developed
comparable polymer materials, which could be used to
replace metal equivalents for Aerospace applications to
reduce process costs and fuel costs, via lightweighting.
The R&D engineer of Aero5 described AM adoption
motivations to realise these benefits:

‘With improvements in force simulations, we’ve found
that you can replace many metal components with poly-
mer parts, using the HSS process, provided they meet
mechanical requirements. HSS is significantly cheaper
than direct metal AM and using polymers introduces
more weight-savings than an optimised metal bracket.’

4.1.2.2. Repair. An Aerospace and Automotive applica-
tion (Power1, Auto5) consisted of defective components
that needed replacement for the final product. In both
cases, however, the cost of replacing the defective com-
ponent via TM was prohibitive forcing organisations to
consider other alternatives. ForAuto5, the defective com-
ponent had a high failure rate andwas part of the factory-
floor tool. The suppliers insisted on replacing the entire
tool anytime there was a defect on a part. Therefore,
Auto5 discovered that it could repair the tool by fabri-
cating the defective polymer component with AM and
reduce costs. The Senior Engineer of Auto5 explained
the repair opportunities created by AM which served
as a rationale for adoption: ‘There was a high replace-
ment rate of tool sleeves. In some cases where they can
be bought individually, it is prohibitively expensive. They
are just plastic hollow cylinders that we print without sup-
portmaterial.’ For Power1, the cost of replacing the entire
metal component was also prohibitively expensive and
TM methods lacked the repair capability of a partially
damaged component. The unique capabilities ofDirected
Energy Deposition (D.E.D.) created scope for repair,
which was significantly cheaper than outright replace-
ment. Through reverse engineering, damaged sections of
components were scanned and reproduced via D.E.D., an
AM process similar to welding. The AM Lead of Power1
explained the cost-driven rationale which informed the
AM adoption decision for repair

‘The interest was in hard-to-reach sections, which usu-
ally result in scrapping decisions. Rather than scrapping
it, because of the value, it might cost you £10,000 to put
it back in service. If you discard it, that’s £100,000, plus
everything else that went into making it. So cost is a big
driver.’

4.1.2.3. Tool elimination. All applications in the study’s
sample were in the low-volume range and there was a
general consensus amongst respondents that AM was
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preferred to TM in this region. High volume applica-
tions in mainstream automotive were regarded as bad
cases for AM adoption. However, regarding production
cost justifications for adopting AM, two respondents
(Auto4, Trans2) explicitly specified volume-related con-
siderations. In both cases, the cost of TM tooling was
cited as a major obstacle in producing respective compo-
nents at low volumes and reasonable cost. The compo-
nents also involved little to no post-processing, further
reducing costs. Auto4 made simple, small, low-volume
parts for luxury vehicles and the significant cost associ-
atedwith stamping tools was amotivation to seek toolless
AM, as described by the ProgramManager of AM

‘It was cheaper in AM because there was no tooling
investment involved . . . in the automotive industry, is
often the case that the customer pays for the stamping
tools. This was a part for a luxury car in the very low
volume segment.’

Trans2 needed a replacement for a legacy polymer com-
ponent which was prohibitively expensive via TM due
to tooling. The VP of consulting of Trans2 explained
how tooling and volume-related issues informed the eco-
nomic rationale for adopting AM ‘It’s the scarcity of the
part and remanufacturing cost using TM. Ultimately, we
can pretty muchmake anything but it’s the economics of do
we tool-up or do we want them in relatively small volumes.’

4.1.2.4. Inventory holding. AM created opportunities
for adopters to reduce inventory holding costs, which
served as a rationale for adoption for respective appli-
cations (Aero8, Tran1). For Aero8, durable AM compo-
nents generated secondary benefits in reducing failure
rates and resulting inventory holding requirements. In
this case, production costs via TM are cheaper at high
volumes, however this results in higher inventory holding
costs. Therefore, AM’s RA in producing a comparatively
more durable component, at lower volumes, generating
inventory cost savings informed the rationale for adop-
tion as explained by the Materials and Processing Engi-
neer of Aero8: ‘You can look at this in various ways; value
to our customers through performance improvement, cost
savings, repairability, less logistics and maintenance, bur-
den as parts don’t get damaged as often.’ For Trans1, the
subject component was of a high variety, driven by the
high varieties of boats in the industry. This high variety
causes the boat manufacturers to hold significant inven-
tories, which increases costs, due to long production lead-
times. This rationale for AM adoption was explained by
the Project Engineer of Trans1:

‘They make a small number of boats per year. Say they
make a dozen boats, which means twice that for pro-
pellers and then different configurations depending on
the boat class. They would typically have lots of variants

of propellers depending on the vessel. So they end
up having large stockpiles just in case something goes
wrong.’

4.1.3. Process speed relative advantage
Several organisations were motivated to adopt AM based
on its RA in reducing the production lead-time for
components. The pressure to reduce lead-time stemmed
from the time-sensitive nature of applications, aiming
to minimise downtime costs of capital-intensive equip-
ment (aircraft, gas turbines, trains and boats) for MRO
(Aero3, Power1, Power3, Trans1, Trans2). In these sce-
narios, when a defective component puts this equipment
out of operation, OEMs are penalised by customers for
equipment downtime, with costs that run into tens and
hundreds of thousands of pounds. These scenarios were
described by different respondents:

‘We get costs like $200,000 a day as penalties for delays
depending on the ship’s size and cargo. That’s conse-
quential, so obviously, if I am a ship manufacturer or
operator, how do I deal with this in the quickest way?
(Project Engineer, Trans1)’

‘Airbus gets fined hundreds of thousands of pounds a day
if a plane is broken down. Their airlines have contracts
to say if we are not making money from the plane and
it’s your fault, then you are giving us that money. So, it’s
almost a cost is no object . . . it’s about service level and
lead time. (AM lead, Aero3)’

Lead time reduction pressures for production was also
influenced by the nature of demand in the industry. In
our sample, two out of three Motorsport applications
(Auto2, Auto3) were very time-sensitive and respondents
sought to exploit AM’s RA to produce newly designed
components for Formula-1 races. This was influenced by
the unpredictable nature of demand for custommade-to-
order components. The respondents characterised this
need for speed as the nature of Formula-1 applications,
with cost not being a priority. ‘Because of the nature of the
industry we are working in for formula one, they release
their design as late as possible and they want parts as
quickly as possible’ (Technical Director, Auto2). ‘The stan-
dard process is; the customer designs the part, goes out for
competitive bids on delivery time. If you can deliver on-
time, you can almost name your price’ (Managing Direc-
tor, Auto3). These factors create suitable conditions for
AM to demonstrate its RA and influence adoption deci-
sions of organisations. These RAs were manifested in
AM’s ability to reduce production lead times via supply
risk, process and material characteristics as presented in
the following subsections.

4.1.3.1. Supply risk. The most dominant theme associ-
ated with lead-time reduction for MRO and assembly
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applications was the supply risk associated with pro-
ducing TM components. These concerns were raised
by respondents across Aerospace and Rail applications
for MRO and batch manufacturing applications alike
(Aero2, Aero3, Aero4, Trans2). Supply risk in TM was
driven by several factors including political risk arising
from location of manufacturing processes, bankruptcy of
suppliers, misplaced tooling etc. Attention was drawn to
so-called ‘long legacy products’ that have stayed longer in
service thanwas originally anticipated,making them vul-
nerable to incidents such as supplier bankruptcy, which
cause disruptions. In these instances, AM’s RA in re-
producing these legacy components via tool-elimination
and reverse-engineering are crucial in adoption decisions
as described by respondents.

‘With the age of some aircrafts, serious issues arise
around parts that are hard to source. It may have been
considered initially, that the plane was only going to fly
for 20 years and 40 years later, oh! does anyone knowhow
we made this part? It comes up every now and again.’
(AM Lead, Aero3)

AM was considered because there was virtually no stock
available, for a legacy component.. we had a real long
legacy product where not only does nobody know where
the tool even is, nobody even knows who the origi-
nal manufacturer was . . . that’s quite common. (VP AM,
Trans1)

For batch manufacturing and assembly, reducing supply
risk is important for critical components that can halt
production lines. Therefore, the RA of AM in reduc-
ing supply risk, and consequently, production lead time
influenced adoption decisions as expressed by the Partner
of Aero4.

‘Their bill of materials (BOM) is made up of 6000 com-
ponents and there are certain 4 or 5 components that they
could not produce quickly. So their BOM gets disrupted
and timelines go hay-wire. They are focusing on main-
taining the supply chain for those components for the
main subsystem to be realised.’ (Partner, Aero4)

4.1.3.2. Process lead-time reduction. The second most
dominant theme associatedwith lead-time reductionwas
the characteristic of the TM process. Casting was high-
lighted in two applications (Tran1, Aero2) for its charac-
teristically slownature involving lengthy tool production,
whichmakes it unsuitable for time-sensitive applications.
‘That was more to look at issues with lead-time through
casting because of tooling requirements . . . so they could
just directly adopt AMwere necessary’ (Principal Research
Engineer, Aero2). In the MRO application of Trans1, sig-
nificant delays were averted with AM as generic aspects
of the propeller could be produced with non-casting
methods and then differentiated by using D.E.D. to print

the blade. This process was described by their Project
Engineer:

‘From the supply chain point of view,making the hubwas
a lot quicker and easier, because it is smaller than having
to make a large propeller by casting. So the business case
we see is that I can get the hub quickly made and then
spend time depositing the blades for the propeller.’

Significant delays were also identified in procuring legacy
parts, which made repair an option. However, there was
not an existing repair route via TM. This created oppor-
tunities for AM processes such as DED, which works on
the welding principle, to repair components and restore
them to service quickly,minimising downtime costs. ‘The
interest was in hard-to-reach places, that would usually be
avoided. Rather than scrapping, it can be put back into
service via repair. Cost and timeliness are big drivers.’

4.1.3.3. Raw material lead time reduction. The last
theme highlighted by respondents, regarding process-
related delays, was the long-lead times associated with
sourcing expensive materials such as Titanium and
Inconel. The respondents talked about supply problems
that could occur when there is sudden demand in the SC,
which creates shortages because large stocks are not pro-
duced. ‘You are allowing lead time reduction with AM. If
it’s an expensive material, it can be tricky to get hold of
quickly’ (Head of Strategy, Aero1).

‘With materials like Inconel, you can have a six, eight or
ten-month lead time from the SC to get it because the
supply of it is not that high since demand is not that
high. So, when you have a sudden demand, it can be quite
difficult to get hold of.’ (AM Lead Aero3)

The additional problem with traditional feedstock is cus-
tomisation, which makes it difficult for large batches to
be stocked in inventory as they may not be suited for
production demand. With AM, however, some material
types, especially powder, can be stocked in their generic
form to hedge against supply problems and facilitate
delayed differentiation. TheAMLead ofAero 3 explained
this RA, which AM has for its material characteristics:

‘If you are using an exoticmaterial like Inconel, you could
have bags of it sat there basically, you don’t have to worry
about whether you’ve got the right size billet. If we kept
billet in stock that were 200millimetres long and our cus-
tomer suddenly said that I want a part that’s 205 mill
long. Oh, Sorry it might take six months.’ (AM lead,
Aero 3)

4.2. Synthesis of relative advantages and
contextual factors

From the preceding qualitative analysis, we derived
four aggregate categories of contextual factors namely:
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Figure 1. Hierarchical decision framework for evaluating relative advantage of additive manufacturing.

product/service, demand-side, supply-side, and technol-
ogy/process characteristics, which set the conditions for
an array of RA sources that can be exploited with AM.
The contextual factors represent decision areas within
a TM context, which potential adopters can investigate
for opportunities to generate RAs with AM on a product
and/or process level compared to existing TM processes.
The set of these RA sources represents the strength of
AM’s RA for a particular low-volume TM component,
which influences the likelihood that an organisation will
adopt AM. Knowledge of the TM environment and RAs
that can be generated as a result are crucial in reduc-
ing uncertainty about AM’s expected impact on opera-
tions performance during the innovation-decision pro-
cess (Rogers 2003). This decision logic is summarised in
theHierarchical Decision Framework for Evaluating Rel-
ative Advantages of Additive Manufacturing (Figure 1),
depicting relationships between contextual factors and
RA sources summarised in Table 6. The decision logic is
as follows:

– The needs/requirements of the subject operation as
defined by contextual factors (i.e. product/service,

demand-side, supply-side and technological/process
characteristics) create an array of sources from
which RAs can be generated with AM having the
potential to improve product and process.

– An aggregation of RA sources, and their rela-
tive strength by comparison to TM determines the
strength of AM’s RA in relation to product perfor-
mance, process cost and process speed.

– The aggregation of these product and process RAs
determines the strength of AM’s overall RA as an
option over TM, and, therefore, the likelihood of
influencing its adoption decision positively.

Our framework highlights the importance of under-
standing the fit between AM RA sources and the oper-
ations context as a pre-requisite for diffusion of AM in
industries (Slack and Lewis 2023). The product/service
decision area dominates the list with the largest num-
ber of contextual factors, related to product-performance
and process-related RA sources. Part/joint count appears
significant as it creates 3 RA sources on a product and
process level, namely Lightweighting, Durability, and
Manufacturing Complexity (Table 6). Whilst the positive
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product and process effects of parts consolidation have
been highlighted separately in the AM adoption lit-
erature (Peron et al. 2025; Rylands et al. 2016), they
have not drawn attention to the possibility of combined
effects and associated influences on decisions. Similar
arguments can be made for lifetime and material type,
which create multiple RA sources. Our findings also
reveal inter-relationships between product and process
RAs (e.g. Durability and Inventory Reduction), which
suggests layers of RAs which could be realised with AM
adoption. Research has also highlighted design com-
plexity as an important area to generate RAs (Mellor,
Hao, and Zhang 2014; Rylands et al. 2016), however,
energy savings and volume maximisation are lacking
in the adoption literature. Energy-savings is particu-
larly crucial for energy-intensive industries given recent
mandates for decarbonisation by regional and national
governments (Department for Transport 2022). This
creates a unique opportunity for AM to demonstrate
its RAs.

Supply-side factors are the second most dominant
decision area linking to process RA sources alone. The
assumption of high-tooling costs appears implicit in the
AM adoption literature, due to AM’s fundamental capa-
bility of tool-elimination. However, there is lack of con-
sensus on the capabilities of AM to rival TM technologies
through process cost on the basis of tool-elimination
alone, because of post-processing (Jimo et al. 2022). This
is important because although AM has been generally
regarded as a cheaper alternative to TM at lower volumes,
some adopters do not perceive an automatic relative pro-
cess cost advantage with AM adoption for lower volumes
(Patil et al. 2022; Ronchini, Moretto, and Caniato 2023).
This could be due to the negative perception of AM pro-
cess characteristics (high machine and material costs for
metal AM) (Di Lorenzo et al. 2023) and industry regu-
lations (FAA regulations that allow one part per build),
which impede AM’s ability to generate cost efficiencies at
lower volumes (Laureijs et al. 2017). For example, current
costs of Selective laser melting machines start at 250,000
Euros (3Dnatives 2025). Ti-6Al-4 V for the round bar
ranges from $22.0 to $31.00, whilst AM powder costs
between $120 and $150, making the AM powder five
timesmore expensive (Alibaba 2025). Our study revealed
two applications (Auto2, MarineCo) that rivalled TM on
cost, due to tool-elimination, only because there was no
post-processing involved. For the vast majority of appli-
cations, post-processing and associated labour demands
is likely to diminish AM’s effectiveness as a labour-saving
technology (Ancarani, Di Mauro, and Mascali 2019).
However, research has also shown that learning effects
can reduce labour content in AM processes by as much
as 58.6% (Baumers and Holweg 2019). Other innovative

efforts to increase automation AM and reduce costs are
ongoing, however they are in early stages of development
(Kanishka and Acherjee 2023).

The literature has identified labour shortages, tooling,
inventory burdens and risk-related issues (Adaloudis and
Bonnin Roca 2021; Patil et al. 2022; Sandström 2016),
however it has not identified niche repair opportuni-
ties created by high-replacement costs of entire prod-
ucts. This represents an area where AM clearly provides
a distinct advantage, however the size of this opportu-
nitywithin organisations and industries is unclear. Repair
appears to be a budding context, especially in emerging
economies, where there a lots of ageing products such as
aircrafts (Peron et al. 2025). However, the viability of AM
in emerging economy contexts remains an open ques-
tion because of the associated cost barriers (Patil et al.
2022). In general, repair enabled by AM could be sig-
nificant in promoting circular economies through the
‘right to repair’ policies which promote lifetime exten-
sion of products (Gebhardt et al. 2022; Roskladka, Jae-
gler, and Miragliotta 2023). That said, we observed that
sustainability dimensions did not surface explicitly as
RAs in our analysis, suggesting that such considera-
tions could be secondary, unless AM is adopted in spe-
cific sustainability-oriented contexts (Beltagui, Kunz, and
Gold 2020). The generic raw-material characteristics of
AM and its contribution to shortening production lead
times as found in our study, has not been foregrounded
in literature (Prataviera, Jazairy, and Abushaikha 2023).
This RA could be significant against rival subtractive
manufacturing technologies, where raw materials need
some form of customisation (e.g. sheet metal, billets).
The literature has also emphasised the lead-time reduc-
tion RAs of AM (Naghshineh 2024; Priyadarshini et al.
2023), however supply risk reduction represents another
avenue forAM to generate RAs in SCs for legacy products
which face political and economic risk as highlighted by
our research.

The extant research already has a strong demand-side
orientation with elements such as market/industry sta-
bility and differentiation (Mellor, Hao, and Zhang 2014;
Patil et al. 2022; Priyadarshini et al. 2023; Rylands et al.
2016), which our research also emphasises, albeit with
novel relationships between failure rates of parts and
durability as an RA source. On technological charac-
teristics, existing research highlights how labour short-
ages can create opportunities for AM to generate RAs in
the construction industry (Adaloudis and Bonnin Roca
2021; Sandström 2016). Similar opportunities for RA
have been identified in our study, albeit due to labour
intensity in engineering-oriented industries involving
significant labour and assembly. Repair has also been dis-
cussed in the extant literature (Peron et al. 2025), however
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the role of enabling capabilities such as reverse engineer-
ing has not been highlighted in the literature to facilitate
AM adoption in the aftermarket domain.

These empirically grounded, constructs and relation-
ships have implications for the shaping of quantita-
tive theory-testing studies. These studies to date have
framed the RA construct with generic specifications
around speed, productivity, ease, control, cost, and effi-
ciency, reflecting a wide range of AM applications (Table
A, Appendix A). Our findings help to bridge this gap
by establishing linkages between abstract RAs, con-
stituent dimensions (RA sources) and contextual factors,
amounting to construct refinement for the production
phase of the manufacturing lifecycle (Delic and Eyers
2020; Fisher and Aguinis 2017). This granular specifica-
tion of RAs provides a basis to test the specific sets of RAs,
which are influencing AMadoption decisions in different
industries (Diamantopoulos andWinklhofer 2001). Fur-
thermore, our specification of contextual factors enriches
the extant quantitative domain, with an array of vari-
ables, which could be used as control variables to test
the influence of these factors in different industries. This
is an important step to extend the extant control vari-
able domain beyond standard variables such as organisa-
tion size, sales volume, age, education, gender, position
of employees etc. (Calli and Calli 2020; Schniederjans
2017; Wang et al. 2016). This would help deepen our
understanding of the capabilities and boundaries of this
emerging innovation and it’s potential to diffuse fur-
ther in the production phase of different manufacturing
industries.

4.3. Additivemanufacturing adoption framework

The preceding analysis shows that AM adoption deci-
sions are based on one or a combination of RAs. Based on
two polar extremes (high and low), a framework (Figure
2) is presented to evaluate adoption decisions for partic-
ular applications based on RAs, sources and contextual
factors. Each cube edge corresponds to a combination of
the three principal RAs (product performance, process
cost and process time), their corresponding sources and
contextual factors as explained in Figure 1. The cube ori-
gin represents the low end of each RA, whilst other edges
on the X, Y and Z axis correspond to the high end of
each dimension. Altogether, there are seven cube edges,
which correspond to a combination of states (high and
low) for each RA. Each of these adoption decisions will
be discussed in following sections, with reference to rel-
evant sources and contextual factors. The option at the
origin is not discussed as it represents a no-go decision,
where AMdoes not provide any RA compared to TMand
therefore there is no incentive to adopt. The decisions are
labelled 1–7 and are discussed according to the number of
RAs they are linked to i.e. one RA (decisions 1-3), 2 RAs
(decisions 4–6) and 3 RAs (decision 7). A summary of
these decisions, RAs, sources, product types, contextual
factors are provided in Table 7.

4.3.1. Decision 1: low value spares (Process cost RA)
In this scenario, process cost alone represents the domi-
nant AM adoption driver. This adoption scenario applied
to a low-value spare part with a simple design which was

Figure 2. Additive manufacturing adoption framework.
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Table 7. Relative advantages, sources and contextual factors for AM adoption.

Contextual factors associated with traditionally manufactured component

Decision
number Relative Advantage Component Type RA Sources Product Service Deman-side Supply-side Process/Technological

1 Process cost Low-value spare parts
(Auto5)

Repair,
Inventory Reduction

Complexity (L),
Value (L)

- Demand uncertainty (L),
Volume (L),
Variety (L)

Tooling cost (H),
Part replacement cost (H)

Reverse Engineering
(Y)

2 Process time Critical spare parts
(Aero3)

Supply risk,
TM Process
Characteristics,
TMMaterial
Characteristics

Complexity (L),
Lifetime (H),
Criticality (H)

Downtime costs
(H)

Demand uncertainty (H),
Volume (L),
Variety (H)

Supplier bankruptcy (Y),
Material availability (N),
Raw-material availability
(L)

-

3 Product performance High-value batches
(Aero1, Aero6, Auto1)

Lightweighting,
Energy Savings,
Durability,
Volume maximisation

Complexity (H),
Part/Joint count
(H), Value (H)

Power Density
(H)

Demand uncertainty (L),
Volume (M to L),
Variety (L)

- -

4 Process cost & product
performance

Complex batches and
spares (Aero5, Aero7,
Aero8, Auto4, Power2)

Lightweighting,
Energy Savings,
Durability,
Volume maximisation,
Manufacturing complexity,
Volume,
Inventory holding

Complexity (H),
Part count/joint
count (H)

Power Density
(L)

Demand uncertainty (L),
Volume (L),
Variety (L)

Labour intensity (H),
Tooling cost (H)

Material Type (N)

5 Process cost & time Legacy spares (RailCo,
Power1)

Volume,
Repair,
Supply risk,
Process Lead time reduction

Complexity (L),
Lifetime (H)

Downtime costs
(H)

Demand uncertainty (H),
Volume (L)

Part replacement cost (H),
Supplier bankruptcy (Y)

Reverse engineering
(N)

6 Process time & product
performance

Custom components and
Critical spares (Auto2,
Auto3, Power3)

Lightweighting,
Durability
,Volume maximisation,
Energy savings,
Process Lead time reduction

Complexity (H),
Part/joint count (H),
Criticality (H),
Lifetime (L), Value
(H)

Downtime costs
(H)

Demand uncertainty (H),
Volume (L),
Variety (H)

- -

7 Cost, time and product
performance

Critical batches and
spares (Aero2, Aero4,
MarineCo)

Lightweighting,
Durability,
Manufacturing complexity,
Inventory Costs,
Supply risk,
Process lead time reduction

Complexity (H),
Part/joint count (H),
Criticality (H)

Downtime costs
(H)

Demand uncertainty (L),
Volume (L),
Variety (H & L)

Labour Intensity (H) -

Key: H: high; L: low; Y: yes; N: no.
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a replica of the TM component (Auto5). The applica-
tion was not time-sensitive because parts were made to
inventory with predictable failure rates. However, replac-
ing the spare part via the existing TM route was pro-
hibitively expensive as suppliers insisted on replacing
the entire product rather than the defective part. This
would have resulted in excess and high inventory costs
for the full product due to the absence of a viable repair
route via TM. Thus, AM’s RA on process cost was per-
ceived as superior in reproducing the defective part in
small batches to repair the product due to the absence
of upfront tooling costs and AM’s capability to reverse-
engineer TM parts.

4.3.2. Decision 2: critical spares (Process time RA)
This AM adoption decision recognises process speed as
the dominant RA. This decision was adopted for a criti-
cal spare part, with simple design, unpredictable demand
and used for aircraft of ground scenarios, with signifi-
cant downtime costs (Aero3). Here, there is an urgency to
reduce lead time by devising the shortest possible man-
ufacturing route. The subject component was prone to
supply risk from political factors, misplaced tooling, etc.
due to the extended lifetime of the aircraft. Using TM
processes such as casting involves lengthy delays due to
tooling and shortage of suppliers. AM’s RA came from
tool elimination and in-house manufacturing, which
reduced lead time. In addition, the generic nature of raw
material facilitates delayed differentiation, in that AM
powder feedstock could be held in advance to avert sup-
ply shocks and facilitate rapid production. There was no
requirement to enhance product performance, therefore
AM’s RAon reducing lead timewas perceived as superior
in reproducing a like-for-like TM design, averting supply
risk and expediting delivery.

4.3.3. Decision 3: high-Value components
(Product-performance RA)
This adoption decision places a premium on product
performance. It applied to high-value batch manufac-
turing components with predictable demand and high
geometric complexity (Aero1, Aero6 and Auto1). Such
components also possess a high part/joint count, which
can be consolidated with AM. This results in parts,
which yield superior lifecycle benefits (e.g. lightweight-
ing, Energy savings, volume-maximisation, etc.) com-
pared to TM and influence adoption decisions. How-
ever, process-related benefits, i.e. cost and lead time, were
not prioritised in this adoption decision. The adopters
were interested in enhancing the technical capabilities of
components to be used in the next generation of their
products.

4.3.4. Decision 4: complex batches and spares
(Process cost and product-performance RA)
In this adoption decision, process cost and product
performance are recognised as dominant RAs jointly,
while time has the least priority. It applied to complex
batch manufacturing and spare components with high-
value and predictable demand (Aero5, Aero7, Aero8,
Auto4, Power2). TM SCs of these components are com-
plex, which increases production costs. Organisations
sought to exploit AM’s RA in realising complex designs
to enhance product function, whilst reducing produc-
tion costs simultaneously. AM’s RA in reducing produc-
tion costs was perceived as superior because of parts-
consolidation which reduces complex, multistage pro-
cesses, labour time, machine setups, tooling and inven-
tory co-ordination from multiple suppliers. Opportuni-
ties also exist to exploit technology through material
substitution (ie. metals to polymer), which reduces the
associated manufacturing complexity and process costs.
Additionally, AM benefits such as durability reduces
inventory costs due to reduced failure rate of compo-
nents.

4.3.5. Decision 5: legacy spares (Process cost and time
RA)
In this decision, reducing process cost and time are
high priorities, while product performance is less impor-
tant. This decision type applied to legacy spare compo-
nents with long lifetimes, which required replacement
or repair. They exhibited unpredictable demand patterns
and were deployed in time-sensitive MRO applications
where downtime costs are significant (Trans2, Power1).
Replacing an entire component was significantly more
expensive than repairing a damaged section via AM,
therefore cost was a primary consideration. Similarly,
replacing legacy components via TM was prohibitively
expensive and AM was cheaper. The legacy nature of
these components heightens the supply risk in the TM
SC due to various factors. Therefore, AM’s RA was per-
ceived as superior in reproducing and repairing legacy
components through reverse engineering.

4.3.6. Decision 6: custom components and critical
spares (Process time and product performance RA)
In this adoption decision, a high priority was placed on
product performance and process time. This adoption
decision applied to high-value components with com-
plex designs and unpredictable demand (Auto2, Auto3,
Power3). These applications belonged predominantly to
Motorsport and MRO where there is a high require-
ment for product and process performance. AM’s RA
to realise complex components through design freedoms
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for superior product performance was crucial for adop-
tion decisions. In addition, parts-consolidation provided
opportunities to reduce delays associated withmultistage
TM processes. Time-sensitivity of these applications is
heightened by short product lifecycles, short lead times,
unpredictable component demand, downtime costs for
Motorsport and Power Generation MRO respectively.

4.3.7. Decision 7: critical batches and spares (Cost,
time and product performance RA)
In this decision, cost, time and product performance all
have equal priorities in the adoption decision. This was
evident in a critical batch manufacturing and spare com-
ponents applications (Aero2, Aero4, Trans1). Technical
performance was of high priority, therefore AM’s RA
for lightweighting and durability, which result in lifecy-
cle benefits, influenced adoption decisions. Cost reduc-
tion opportunities existed with AM through reduction
of manufacturing complexity and inventory costs. Lead-
time reduction is also offered via AM through the reduc-
tion of supply risks, and overcoming delays associated
with naturally slow processes like casting. These compo-
nents were critical to the realisation of the overall product
and reducing downtime costs, therefore AM’s RA was
perceived as superior in producing a high-performance
component at reduced process cost and time.

5. Discussion

Our study adopted a qualitative approach to investigate
the RA sources and contextual factors that govern AM
adoption decisions and associated interplays (RQ1). We
developed an Additive Manufacturing decision frame-
work to explain how contextual factors in a produc-
tion environment create opportunities for AM to exhibit
its relative advantages and positively influence adoption
decisions. We extended the decision framework to cre-
ate another framework which explains the combination
of RAs and contextual factors that influence AM adop-
tion decisions for different classes of end-use compo-
nents (RQ2). Our findings deepen our understanding of
AM RAs in the production phase of the manufacturing
lifecycle. Extant research applies RA in a more general
sense of AM adoption for various applications (Peron
et al. 2025; Schniederjans 2017; Yeh and Chen 2018),
thereby limiting insights it can generate about the diffu-
sion of the technology in the production and aftermarket
domain. We advance extant research, through our the-
ory development approach, enriching the RA construct
with empirically grounded specifications of dimensions
and contextual factors to support AM diffusion research
(Fisher and Aguinis 2017).

5.1. Theoretical implications

Our research contributes to the AM adoption litera-
ture in the following ways. First, by identifying key
sub-dimensions and attendant links to supporting con-
textual factors, this research deepens understanding of
RAs in the context of AM adoption for end-use com-
ponents. We identified RA sources that are lacking from
the AM adoption literature and discussed their impli-
cations for different industries. Secondly, we identified
crucial links between contextual factors and RA sources,
illustrating the underlying logic behind how RAs influ-
ence adoption decisions. We summed up this decision-
making logic in the hierarchical framework (Figure 1),
representing one of the principal contributions of this
research. This contribution fulfils our attempt at the-
ory elaboration by refining the RA construct to better
predict AM adoption intentions of managers in differ-
ent industries and by extension the diffusion potential
of this emerging technology. As most constructs in the
innovation adoption literature are derived from the infor-
mation technology domain and applied wholesale in
other contexts such as AM, it was necessary to refine
the RA construct to reflect the realities of end-use part
production accurately. Our theory elaboration approach
enriches the RA construct with empirically grounded
specifications of RA dimensions on product and pro-
cess levels to accurately model AM adoption dynam-
ics in a production context and facilitate further the-
ory testing with DOI (Fisher and Aguinis 2017; van
Oorschot, Hofman, and Halman 2018). The accurate
specification of the RA construct is also crucial to inves-
tigate mega-trends such as reshoring and distributed
manufacturing, which historically have been associated
with AM (Braziotis, Rogers, and Jimo 2019; Fratocchi
2017).

Our second principal contribution involves the devel-
opment of the AdditiveManufacturing Adoption Frame-
work (Figure 2), to explain seven types of adoption
decisions according to specific combinations of RAs,
sources and contextual factors for low-volume indus-
trial applications. By mapping and focusing on the
low-volume domain specifically, our study provides
additional contextual depth regarding application and
component types suitable for AM, extending previous
work, which included high-volume applications (Con-
ner et al. 2014; Patil et al. 2022). This consolidates
the disparate factors influencing various applications
into seven decisions, which reduces the fragmentation
problem in the current literature. These seven deci-
sions could serve as a yardstick for investigating differ-
ent diffusion paths of AM and prevalence in different
sectors.
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5.2. Managerial implications

From a practical perspective, our frameworks could serve
as a tool for managers to explore their TM context to
develop a logic and business case for adopting AM for
different applications. The second framework (Figure 2)
defines seven AM adoption options and can serve as a
decision support tool for selecting candidate AM appli-
cations. These adoption decisions demonstrate the wide
array of applications, which organisations can exploit
with the technology for commercial benefit. Our frame-
works could serve as a tool for organisations to system-
atically investigate AM adoption opportunities through
exploration of TM components with supporting contex-
tual factors, RAs and relevant sources. The framework
draws attention to unique conditions in TM SCs, such
as supply risks and repair opportunities, which create
potential application points forAM.Repair opportunities
have particularly become significant in light of recent reg-
ulatory trends and pressures on organisations to improve
their environmental performance (Roskladka, Jaegler,
and Miragliotta 2023).

6. Conclusions

Our research adopted a qualitative approach, based on
in-depth interviews, to investigate RAs influencing AM
adoption decisions for 18 low-volume industrial applica-
tions in different sectors. We developed two frameworks
to deepen insights into the underlying logic of AM adop-
tion decisions based on RAs. This exploration across
contexts supports the creation of a more holistic theoret-
ical explanation around a critical determinant of inno-
vation adoption i.e. relative advantage (van Oorschot,
Hofman, and Halman 2018). In relation to RQ1, our
study revealed 11 key sources of RA which contribute
to product performance, process cost and process speed.
Further, the contextual factors identified, namely prod-
uct/service, supply and demand, and technology/process
characteristics, set the conditions in the TM context to
make AM viable for adoption. Our hierarchical decision
framework (Figure 1) summarises the above and illus-
trates the relationships between contextual factors and
RA sources shaping the AM adoption decisions. Build-
ing upon the outcomes of RQ1, to address RQ2, our
Additive Manufacturing Adoption Framework (Figure
2) assists in capturing and evaluating adoption deci-
sions for particular applications based on RAs, sources
and contextual factors for different low-volume indus-
trial end-use components. Our exploratory approach and
outcomes address the lack of contextual depth associ-
ated with theory testing approaches (Calli and Calli 2020;
Schniederjans and Yalcin 2018; Yeh and Chen 2018) and

fragmentation in extant exploratory studies (Mellor, Hao,
and Zhang 2014; Ronchini, Moretto, and Caniato 2023;
Rylands et al. 2016). The frameworks specify different
aspects of AM RAs and contextual factors for industrial
production, as well as their potential combinations, and
serve to refine the construct and create a basis for further
investigation of AM diffusion.

In terms of research gaps (section 1), our findings
address the lack of clear identification of the different
sources associated with RAs, and contextual factors that
create these sources. Our frameworks alleviate fragmen-
tation issues with the AM adoption literature, and illus-
trate the interplay between combinations of RAs and
the relevant contextual factors that define the conditions
for adopting AM for low-volume industrial components.
Our paper adds clarity and specificity to the product
and process RAs and their sources, and identifies four
main categories of contextual factors which need to be
considered when adopting AM.

Our study, though insightful, has limitations which
must be acknowledged in light of future research. We
cannot claim statistical generalisability; however, analyt-
ical generalisability is achieved through a sample of 18
applications.We acknowledge that our sample could have
been biased in favour of certain types of applications due
to access considerations. Therefore, future quantitative
studies could apply our refinements to the RA construct
to test the distribution and relative importance of RAs
identified in other industrial contexts such as medical
and construction.Additionally, the relationships between
RA sources and contextual factors should be tested in
various industries to understand different paths to AM
adoption. Future studies should also test the contribution
of other adoption drivers (e.g. compatibility, triability)
on AM adoption decisions for low-volume production,
given the strength of RAs identified. Longitudinal case
studies could also be conducted to observe the changes
in perceptions of managers on the RAs of AM, over its
adoption lifecycle where challenges are encountered and
implications for implementation success (Rogers 2003).
Potential also exists to investigate the effect of trade-offs
on the perception of managers about AM RAs. Lastly,
future studies should empirically investigate the contri-
bution of RA dimensions, specified in our study, tomega-
trends such as distributed manufacturing and reshoring
given rising geopolitical tensions and concerns about
climate change.
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Appendices

Appendix A

Table A1. Existing specification of AM performance attributes from innovation theories.

References Theory Performance Construct Sub-dimensions

Schniederjans (2017) Unified theory of
acceptance and use of
technology (UTAUT)

Performance
Expectancy

‘Using 3D printing enables (or would enable) our
organisation to accomplish tasks more quickly.’

‘3D printing allows our organisation (or would allow
our organisation) to accomplish activities more
quickly.’

‘3D printing increases (or would increase) our
organisation’s productivity?’

Perceived Usefulness ‘Our organisation finds 3D printing useful.’
‘The use of 3D printing improves (or would improve)
our organization’s performance.’

Diffusion of Innovation (DOI) Relative Advantage ‘Using 3D printing improves (or would improve) our
organisation’s quality of work over traditional
methods of manufacturing/prototyping.’

‘Using 3D printing makes it easier (or would make it
easier) for our organisation’s employees to do their
job over traditional manufacturing/prototyping.’

‘Using 3D printing enhances (or would enhance) our
employees’ effectiveness on the job over traditional
manufacturing/prototyping.’

‘Using 3D printing gives (or would give) our employees
greater control over their work over traditional
manufacturing or prototyping.’

‘Using 3D printing has reduced (or would reduce) our
organisation’s cost structure over traditional
manufacturing/prototyping’

Schniederjans and
Yalcin (2018)

UTAUT Performance Expectancy ‘3D-printing allows us to validate design work on
injection moulded parts before initiating tool
manufacturing.’

DOI Relative Advantage ‘This increases our accuracy while at the same time
reducing our expenses.’

‘It’s important to have 3D-printing through design
validation as well as before cutting steel.’

UTAUT Perceived Usefulness ‘It just works well within our current strategy because
we can use 3D printing for rapid prototyping for
small plastic parts.’

‘It allows us to show objects as sales aids which has
helped us enhance sales.’

Wang et al. (2016) TAM Perceived usefulness ‘The extent to which one person considers whether or
not a new technology could increase their
productivity and work-related performance.’

Perceived Enjoyment ‘When users perceived a 3D printing system as
enjoyable to use.’

Calli and Calli (2020) TAM Perceived Enjoyment ‘I feel happy when using a 3D printer.’
‘I find using 3D Printer to be enjoyable.’
‘I think it is pleasant to produce with 3D Printer.’

Perceived Usefulness ‘Using 3D printer enables me to use time more
efficiently.’

‘Using 3D Printer enables me to accomplish tasks more
quickly.’

Handfield et al. (2022) DOI Relative advantage ‘Product development and prototyping speed at
reduced costs.’

‘Customised designs.’
‘Speed to market.’
‘Quality, Production cost reduction, Operating room
time.’

‘Spare parts no longer in production.’
Ukobitz and Faullant
(2022)

TAM/DOI, Institutional
theory

Perceived value ‘3DPT can provide a competitive advantage for
companies in our industry.’

‘3DPT can provide acceleration of time to market.’
‘3DPT can provide production of complex structures.’
‘3DPT can provide improved market positioning.’
‘3DPT can provide access to new clients.’

Yeh and Chen (2018) Technology Organisation
Environment Cost

Relative advantage ‘3D printing, in this case, allows firms to produce
customised goods in small quantities.’
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Appendix B: interview protocol

Part A – overview of additive manufacturing in the organisa-
tion

1. Can you give a general overview of end-use parts applica-
tions of Additive Manufacturing at your company?

2a.What product lifecycle stage do these applications belong
to? (Series production, legacy and aftermarket (MRO))

2b. Why is your company focusing on this lifecycle stage for
the production of AM parts?

3a.Whatmarket segments do these end-use applications fall
under?

3b. Why is your company focusing on these segments for
AM end-use parts?

4a.What kind of AdditiveManufacturing technologies does
your organisation use for these applications?

4b. Why where these technologies selected?
4c. Are all AM build jobs carried out in-house or out-

sourced?
4d. If not, why and in what circumstances are build jobs

outsourced?

Part B – drivers of additive manufacturing for a particular
application

5. Focusing on an end-use part application (for e.g. bracket,
heat exchanger), can you give a general overview of the devel-
opment of this AM component in terms of (Objectives, mile-
stones and outcomes)?

6. Why did your firm consider AM for this component?
7. What specific customer requirements were in view to be

addressed by switching production of this component fromTM
to AM?

8. Were there any other factors or developments that influ-
enced the decision to consider AM for this component?

9. Apart from the technical requirements, were there any
operational characteristics of this part that made it suitable for
AM? (e.g. demand uncertainty, inventory cost, profit margins,
lifecycle, throughput volume, manufacturing lead-time, supply
process etc.)

10. Are there any specific operational problems associated
with the traditional manufacturing process, you were aiming
to overcome with AM?
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