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ABSTRACT

Manufacturing firms face complex after-sales challenges, including spare part shortages. While additive manufacturing (AM)

offers a solution by minimizing costs and complexity, not all firms adopt AM equally, and research on differences in AM adoption

in the context of spare part shortages is surprisingly scarce. To close this knowledge gap, we apply the awareness-motivation-
capability (AMC) perspective. Our comparative case study of AM applications in 17 firms identifies three approaches how firms
adopt AM—the corrective, preventive, and anticipatory approach. We find that the specific configuration of contextual factors
related to a spare part shortage determines the approach firms follow. Using the AMC perspective, we discover and explain why

firms differ in adopting AM despite suitable spare part characteristics and similar contexts. Through uniquely analyzing spare

part shortages, our study contributes to AM research by challenging the assumption that economic justification is the sole driver

of AM adoption and instead revealing that it is a context-dependent process, with awareness and motivation serving as critical

yet underexplored antecedents.

1 | Introduction

Manufacturing firms are experiencing growing complexity and
risks of disruption in managing after-sales services, increas-
ing their supply chain costs and challenges (Ferdows 2018;
Young 2022). Spare part shortages are a major challenge and
therefore firms must determine whether to make spare parts
available and assess the associated cost (Westerweel et al. 2021;
Xu, Rodgers, and Guo 2021). Moreover, unexpected events, such
as supplier disappearances, delays in transportation, and vola-
tile demand, complicate after-sales services even further (Tangel
and Katz 2022). Although infrequent, these situations present
significant risks to firms' economic success.

While there are various ways to maintain spare part availabil-
ity, additive manufacturing (AM) (also known as 3D printing)
represents a promising alternative (Fawcett and Waller 2014;
Knofius et al. 2021), enabling firms to minimize shipments,
logistics costs, and warehousing complexity and entirely
change their supply chain configuration (Friedrich, Lange, and
Elbert 2022; Westerweel et al. 2021). Therefore, many firms are
screening their portfolios for spare parts suitable for AM and
adopting it to produce spare parts (Deutsche Bahn 2022).

To date, researchers have primarily studied AM replacing tradi-
tional manufacturing (Knofius, van der Heijden, and Zijm 2019;
Westerweel, Basten, and van Houtum 2018) and ways to identify
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spare parts suited for AM (Heinen and Hoberg 2019; Lindemann
et al. 2015) while limited research has analyzed AM adoption
to provide normative implementation frameworks (Mellor, Hao,
and Zhang 2014). However, two notable research gaps remain:
first, little research has examined AM's role in spare part short-
ages (Westerweel et al. 2021). Second, existing studies do not
explain why so many firms refrain from adopting AM in spare
part management despite suitable spare part characteristics
(Akmal et al. 2022; Lindemann et al. 2015). In other words, why
AM adoption differs across firms when experiencing spare part
shortages remains unresolved.

To address these research gaps, we leverage the theoretical lens of
the awareness-motivation-capability (AMC) perspective to better
explain the differences in AM adoption in after-sales. Chen (1996)
originally developed this perspective to analyze drivers of firm
behavior. To respond to an external change, firms must be aware
of it, motivated to react, and capable of responding (Chen, Su,
and Tsai 2007). Our study transfers the AMC perspective to the
context of adopting AM in after-sales situations when products
break and no spare parts are readily available, that is, spare part
shortages.! In our context, awareness relates to spare part short-
ages and benefits of using AM, motivation to solving spare part
shortages using AM, and capability to adopting AM. The three
constructs of the AMC perspective offer a theory-based concep-
tual foundation for this study’s findings and discussion.

We analyze AM applications in the context of spare part short-
ages and identify the conditions under which firms adopt AM.
Specifically, we ask how firms adopt AM when experiencing
spare part shortages and why AM adoption differs across firms
in similar contexts. We use a unique, extensive primary data set
collected through a comparative case study (Eisenhardt and
Graebner 2007; Yin 2018) to compare original equipment man-
ufacturers (OEMs) in business-to-business (B2B) and business-
to-consumer (B2C) settings and B2B customers (considered as
manufacturing firms). Our diverse firm selection spans various
industries and supply chain tiers, allowing us to analyze and dis-
cuss the findings from multiple perspectives.

Our findings demonstrate firms' diverse approaches in how
they adopt AM: the corrective approach to serve short-term
needs and address spare part shortages ad hoc; the preventive
approach to offer spare parts in situations of low spare part de-
mand; the anticipatory approach to meet future customer re-
quirements and regulations and prevent spare part shortages
upfront. Our findings reveal that the suitable approach depends
on the context of spare part shortages. Specifically, the contex-
tual factors of problem urgency, response strategy, original prod-
uct production status, spare part production readiness, and AM
production implementation collectively determine which ap-
proach firms follow. Our research reveals that the complex in-
terplay of contextual factors influences AM adoption. Refuting
common assumptions, we find that successful adoption requires
not only AM-specific capabilities but also awareness and motiva-
tion of spare part shortages and AM adoption. Due to our unique
and in-depth analysis of spare part shortages, we find that AM
adoption is a nonlinear, context-dependent process and advance
existing knowledge on AM adoption through developing three
adoption approaches and conceptualizing contextual factors
that impact AM adoption.

The paper is structured as follows: the Background section pres-
ents the theoretical basis and relevant literature on AM adoption
in after-sales, followed by the Methodology section describing
our comparative case study. The Findings section contains our
results while we present our contributions, managerial implica-
tions, limitations and future research in the Discussion section.
The paper ends with the Conclusions section.

2 | Background
2.1 | After-Sales Services

After-sales services (hereafter, after-sales) are in many ways
central to firms' economic success (Durugbo 2020). First, they
enable firms to develop competitive advantages and differenti-
ate from competitors (Cohen and Lee 1990). Second, they are
a highly profitable income source, with generally higher mar-
gins than original product sales (Kurata and Nam 2010; Saccani,
Songini, and Gaiardelli 2006). Third, they build strong relation-
ships with customers and positively impact customer satisfac-
tion (Rigopoulou et al. 2008; Shokouhyar, Shokoohyar, and
Safari 2020).

However, firms must balance conflicting goals, which makes
after-sales challenging. The main goals associated with after-
sales are optimizing customer service and satisfaction, ensuring
spare part availability, preventing disruptions, and minimizing
cost (Boone et al. 2018; Durugbo 2020). Because these goals con-
flict, firms cannot achieve them all simultaneously and must
find optimal tradeoffs (Boone et al. 2018). For example, mod-
els show the difficulty of optimizing customer satisfaction and
profits simultaneously, forcing firms to prioritize one goal over
the other (Kurata and Nam 2010). Since customer requirements
constantly evolve, implementing after-sales services, finding
their optimal level, and ensuring spare part availability is an
ongoing struggle (Hu et al. 2018; Shokouhyar, Shokoohyar, and
Safari 2020).

Spare part management is complex (Cohen, Agrawal, and
Agrawal 2006), as demand is generally volatile and hard to
forecast (Dekker et al. 2013; Syntetos, Keyes, and Babai 2009).
It changes over the product lifecycle and is subject to fluctua-
tions very different from original parts demand (Hur, Keskin,
and Schmidt 2018; Wagner, Jonke, and Eisingerich 2012). Firms
must plan the all-time demand for spare parts (known as final
order or last call), with the safety stock, length of remaining
service period, shortage risk, and obsolescence risk as critical
influences (Hu et al. 2018; Syntetos, Keyes, and Babai 2009).
Financial constraints and extensive logistics and warehousing
demands further increase the complexity of spare part manage-
ment (Persson and Saccani 2009; Westerweel et al. 2021).

Inventory management is a key focus for firms striving to
manage spare part complexity and prevent spare part short-
ages (Blair et al. 2020). To avoid disruptions and their im-
pact on customer service, firms tend to overstock (Wagner,
Jonke, and Eisingerich 2012), cannibalize other products (Hu
et al. 2018), or adapt their supply chain design to reduce the
risk of disruptions (Boone et al. 2018; Durugbo 2020). On a
broader scale, firms align their spare part strategy with their
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overall after-sales goals by weighing the costs and benefits
of holding spare parts and by setting target rates of spare
part availability (Boone et al. 2018; Pourakbar, Frenk, and
Dekker 2012). To develop optimal solutions, researchers have
worked extensively on optimal inventory levels and reorder
policies (Hu et al. 2018) and assessed new technologies’ (e.g.,
AM) potential to lower inventories while preserving customer
satisfaction (Christopher and Ryals 2014). For example, Xu,
Rodgers, and Guo (2021) demonstrate how integrating AM
into maintenance operations can enhance inventory man-
agement by improving efficiency and responsiveness. These
research efforts underscore the critical role of inventory man-
agement in aligning spare parts strategies with after-sales
goals, ultimately ensuring that firms meet customer needs
while maintaining operational efficiency.

In practice, however, firms often lack a coherent strategy for
spare part availability leading to spare part shortages (Blair
et al. 2020) and firms must decide whether a spare part should be
offered and at what cost (Cohen, Agrawal, and Agrawal 2006).
Current research has greatly emphasized prevention strategies,
but a significant gap remains regarding spare part shortages
(Westerweel et al. 2021). Although infrequent, these pose a great
financial and customer satisfaction risk (Cohen, Agrawal, and
Agrawal 2006) and demand a better understanding of how firms
mitigate them.

2.2 | Additive Manufacturing for Spare Parts

AM has been identified as a promising technology in spare
part management (Fawcett and Waller 2014; Xu, Rodgers, and
Guo 2021). Table 1 provides an overview of studies at the inter-
face of AM and spare parts that are relevant to this study's re-
search topics. For example, Westerweel et al. (2021) analyze the
advantages of on-site printing at remote locations considering
spare part shortages and constraints in replenishment. Bonnin
Roca et al. (2019) assess optimal locations for AM use, and
Knofius et al. (2021) examine the benefits of spare part produc-
tion by AM to various supply chains’ responsiveness, efficiency,
and sustainability. Friedrich, Lange, and Elbert (2022) consider
AM's impact on manufacturing firms' make-or-buy decision,
and others discuss the facilitation of outsourcing AM through
blockchain technology (Kurpjuweit et al. 2021). Researchers
agree that AM is a key technology for future spare part produc-
tion (Khajavi, Partanen, and Holmstrom 2014; Li et al. 2017;
Waller and Fawcett 2014).

For firms to adopt AM, it must outperform existing technol-
ogies. Its main advantages over traditional manufacturing
are lower setup cost, tool-less production, shorter lead times,
and improved part design (Akmal et al. 2022; Knofius, van
der Heijden, and Zijm 2019; Xu, Rodgers, and Guo 2021).
However, given high switching costs and AM's current tech-
nical shortcomings, firms often hesitate to change produc-
tion technologies and thus retain traditional manufacturing
technologies for original part and spare part production
(Chekurov et al. 2018; Heinen and Hoberg 2019). Various
methods have been used to investigate when to choose AM
over traditional manufacturing, including lifecycle cost anal-
ysis (Westerweel, Basten, and van Houtum 2018), inventory

and spare part demand modeling (Heinen and Hoberg 2019;
Khajavi, Partanen, and Holmstrom 2014), and field experi-
ments (Akmal et al. 2022). Overall, researchers concur that
AM must economically outperform existing technologies (i.e.,
injection molding) to be chosen for spare part production
(Handfield et al. 2022).

Researchers have developed diverse methods to identify spare
parts suitable for AM (Frandsen et al. 2020), for example, an-
alyzing spare part portfolios to rank parts on their economic
and technical suitability for AM (Knofius, van der Heijden, and
Zijm 2016) and calculating the overall percentage of spare parts
suitable for AM (Heinen and Hoberg 2019). Researchers have
also collaborated with experts from practice to develop a method
to identify spare parts suitable for AM based on technical, eco-
nomic, and strategic aspects (Lindemann et al. 2015). Finally,
researchers have analyzed adoption factors based on market
characteristics (Handfield et al. 2022) and developed normative
frameworks explaining the AM adoption process (Mellor, Hao,
and Zhang 2014).

However, existing knowledge does not explain why AM adop-
tion differs across firms in similar contexts. Why do firms not
always adopt AM when a spare part is suitable for AM produc-
tion and when AM outperforms traditional manufacturing?
Existing knowledge overlooks important aspects that explain
effective AM adoption, so we argue that the dominant perspec-
tive on technical and economic factors must be extended. To
further understand AM adoption, we must zoom out with a the-
oretical lens that encompasses the context in which firms decide
whether to adopt AM for spare part production.

2.3 | The Awareness-Motivation-Capability
Perspective

For this purpose, we employ the AMC perspective and contex-
tualize it to fit our research setting. The AMC perspective origi-
nates in research on organizational change and decision-making
and identifies three fundamental drivers of organizational be-
havior: awareness of external changes, motivation to act, and
capability to act effectively (Dutton and Jackson 1987; Kiesler
and Sproull 1982; Lant, Milliken, and Batra 1992). Chen (1996)
developed the AMC perspective by integrating these three con-
structs into a framework that he developed in the context of
competitor analysis and interfirm rivalry. In this framework,
all three constructs are key drivers of competitive behavior, in-
fluencing a firm's likelihood to act or respond to competitors.
Its value lies in its comprehensive consideration of all three an-
tecedents and their collective ability to explain a firm's behavior
as the phenomenon under investigation.

Recently, the AMC perspective has been employed in various
research contexts to examine firms' actions. In the original con-
text of inter-firm rivalry, Chen, Su, and Tsai (2007) used the
AMC perspective to investigate the impact of a rival's innova-
tion on a firm's product strategy. Other researchers have adapted
the AMC perspective to different managerial contexts, for ex-
ample, to identify the antecedents of inventory agility (i.e., being
able to quickly adapt inventories) upon demand shocks (Udenio,
Hoberg, and Fransoo 2018), to analyze complementary product
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markets (Bennett and Pierce 2016), and to understand mod-
ern slavery in supply chains (Geng, Lam, and Stevenson 2022).
The broad application of the AMC perspective demonstrates its
ability to explain firms' behavior in diverse research contexts.
However, the AMC perspective has not yet been applied in the
context of AM adoption in after-sales, and as the categorization
of existing research by AMC components in Table 1 shows, most
studies in this domain have addressed individual components of
the AMC framework only partially, if at all.

3 | Methodology

Although AM is not new, it remains relatively new to many
firms, and the adoption of AM to address spare part shortages
is still largely unexplored. To explore variability in AM adoption
across firms, we employ a comparative case study (Eisenhardt
and Graebner 2007; Voss, Tsikriktsis, and Frohlich 2002), which
allows us to compare and contrast similarities and differences
across various contexts (Ketokivi and Choi 2014; Yin 2018). In
our study, the case is a firm's move to adopt AM in the context of
spare part shortages.

3.1 | Setting and Case Selection

We conducted this study among manufacturing firms in
Germany, thus controlling for country-specific factors (e.g., dif-
ferences in legislation, customer characteristics, and technology
availability) (Yin 2018). Initially, we conducted expert inter-
views and assessed the AM literature, which led us to expect
differences in how firms adopt AM based on their market orien-
tation (B2B vs. B2C) and supply chain tiers (OEMs vs. customers
considered as manufacturing firms). We used these two crite-
ria to select firms of three firm types: B2B OEMs (type A), B2B
customers (type B), and B2C OEMs (type C). Given our focus
on manufacturing firms and the industrial AM context, we ex-
cluded B2C customers.?

B2B OEMs (type A) are large OEMs in the B2B sector. They pro-
duce long-lasting, expensive, and application-specific products
like forklifts, turbines, and industrial mixers. These products
are heavily used, leading to high wear and tear, high downtime
costs, and high customer expectations. B2B OEMs control prod-
uct development and spare part management. B2B customers
(type B) are large firms that purchase and use products from B2B
OEMs, such as operators of trains and production machines.
They share similar product characteristics with B2B OEMs but
rely on OEMs for product development and spare part manage-
ment. B2C OEMs (type C) operate in the B2C sector, producing
relatively inexpensive, short-lived, and low-intensity products
like furniture and electronics. These products have a broad in-
stalled base, low wear and tear, and low downtime costs.

To ensure a diverse representation of firm types and varying de-
grees of AM adoption, we selected firms that aligned well with
these criteria. Next, to identify and analyze specific cases, we
asked our interview partners to discuss the firm's move to adopt
AM (our case) for spare part shortages and to describe the devel-
opment of AM capabilities for managing spare parts (our unit of
analysis). By employing an iterative approach, we adapted to the

data as it emerged and incorporated additional firms and cases
during the data collection process.

3.2 | Data Collection

We selected 17 firms to be included in this study and col-
lected data via semi-structured interviews lasting about an
hour each between January and August 2022 (Eisenhardt and
Graebner 2007). As summarized in Table 2, we conducted 46
interviews: 34 with firm representatives and 12 with industry
experts. We recorded and transcribed all interviews and coded
them using MAXQDA.

To structure our data collection, we developed a case study protocol
following Yin (2018) and included an overview of our case study,
an outline of our data collection procedure, the interview questions
(see Appendix S2), and a provisional structure of the case study re-
port in our case study protocol. We asked respondents to focus on
their own products and avoid general statements. We interviewed
managers with expert knowledge of their firm's after-sales services
based on their scope of duties and their prior work experience.
They could discuss why spare part shortages emerged, how the
firm handled these situations, and how they considered adopting
AM. After assessing their responses, we developed interim findings
and resumed the discussion by presenting them to the interview
partners and discussing their feedback and comments.

We complemented our findings with insights from additional
interviews with industry experts who had extensive experience
and specialized knowledge in AM adoption for spare parts.
Their contributions were critical in providing a deep under-
standing of technical characteristics and market dynamics re-
lated to AM. For example, experts from AM software consulting
firms, which assist manufacturing firms in implementing AM
for spare parts, provided insights into adoption motivations and
capability gaps, while AM consulting experts shared detailed
knowledge on the adoption process and technology selection in
practice. These insights were essential for contextualizing our
research and enhancing our understanding in addition to the
interviews with managers. Although we did not include these
expert perspectives in the data analysis process, they enriched
our interpretation of the data and allowed us to critically assess
and better understand the responses from the firms included in
our study. Finally, we collected complementary data (e.g., firm
documents and reports, industry reports, and interview memos)
to further strengthen data triangulation.

3.3 | Data Analysis

We analyzed the data iteratively through within- and cross-
case analysis (Eisenhardt 1989). To ensure quality and rigor,
we validated interview data with archival data and literature,
maintained a transparent research design, and followed the
case study protocol. We discussed differing interpretations
within the research team to ensure robust data analysis
and shared understanding. For any unclear interview state-
ments, we followed up with the interview partners to clarify.
Appendix S3 provides an overview of the measures used to
ensure construct validity, internal validity, external validity,
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and reliability. We based our analysis and findings solely on
data gathered in this study.

Initially, we conducted the within-case analysis in four steps.
First, we inductively did open coding on every interview tran-
script and wrote memos. The initial codes emerged directly from
the interview data, which we organized into eight overarching
categories, such as firm goals relating to product availability and
after-sales, and problem-handling relating to strategies for spare
part shortages (see Appendix S4). Second, we identified three
main reasons for spare part shortages: uncertainty (e.g., uncer-
tain demand), storage and warehousing (e.g., long storage periods
and incorrect warehouse entries), and suppliers (e.g., supplier ex-
iting the market and wrong last calls) (see Appendix S5). From
this, we noted the preferred alternatives firms chose when spare
parts were unavailable, such as replacing larger units, sourcing
second-hand parts, or producing new batches with traditional
manufacturing (see Appendix S6). Third, we clustered all AM
applications into three distinct approaches to AM adoption: cor-
rective, preventive, and anticipatory (see Appendix S1 for details).
Fourth, we summarized each firm's findings and then devel-
oped an aggregated overview for the three firm types (A, B, and
C). This completed our within-case analysis.

Subsequently, we conducted the cross-case analysis in three
steps. First, we compared the aggregated overviews to identify
differences between firm types based on market orientation (B2B
vs. B2C) and supply chain tiers (OEMs vs. customers), consid-
ering product characteristics, frequency of spare part shortages,
and AM's role. Second, to assess practical relevance of AM ap-
plications for firm types, we analyzed how frequently interview
partners mentioned different opportunities for AM adoption.
Third, we examined why each application fell into the correc-
tive, preventive, or anticipatory approach, looking for patterns
in our code categories that were consistent within one approach
but varied between approaches. Recurring mentions of critical
timing and differences in firms' responses led us to develop con-
structs related to decision dynamics, while discussions on pro-
duction capacities and AM implementation informed constructs
on the production context. Based on iterative analysis and discus-
sions, we identified five contextual factors as key to understand-
ing how firms adopt AM to address spare part shortages.

3.4 | Theoretical Adaptation of the AMC
Perspective

Building on the AMC perspective that Chen (1996) originally
developed, we theoretically calibrated and contextualized this

framework to fit our study. Specifically, we redefined the three
constructs as follows: Awareness relates to a firm knowing about
the spare part shortage and benefits of using AM. Motivation
refers to the firms' desire to prevent or mitigate spare part
shortages using AM. Capability refers to the technical and orga-
nizational capabilities to adopt AM.

Figure 1 shows how we adapted the original framework of the
AMC perspective to our study and how contextual factors, the
AMC perspective, and AM adoption are linked. The AMC con-
structs represent the drivers that lead to and explain a firm's be-
havior. In our study, this behavior is the firm's move to adopt
AM and we break it down into the likelihood of AM adoption
(Does a firm adopt AM?) and the type of AM adoption (How does
a firm adopt AM?).

4 | Findings
4.1 | Contextual Factors

Building on our data analysis, we categorize the five identified
contextual factors that influence how firms adopt AM when
experiencing spare part shortages into two main categories: de-
cision dynamics and production context. Decision dynamics con-
cerns the temporal aspects of the spare part shortage containing
two contextual factors. First, problem urgency represents how
quickly firms must respond to a shortage, contingent on the se-
verity of its consequences. This varies from the imperative for
immediate action to a forward-looking, low-pressure approach
to decision-making. Second, response strategy reflects a firm's
attitude toward managing shortages—whether it employs a re-
active approach, addressing shortages as they emerge, a proac-
tive approach, anticipating and mitigating potential shortages in
advance, or a mix of both.

Production context relates to the operational and manufacturing
environment including three contextual factors regarding the
original product, the spare part, and AM. First, original product
production status refers to the original product (not spare part)
and indicates whether the original product is currently being
manufactured, which influences spare part production and de-
mand, for example, as an indicator of readily accessible capaci-
ties for part production. Second, spare part production readiness
refers to the spare part and reflects firms' spare part production
capacities and spare part inventory management, spare part de-
signs, data availability, delivery and supplier networks, reverse
logistics, and customer services. Third, AM production imple-
mentation concerns how firms incorporate AM into after-sales

A

1 1
1 1
Spare part shortage ! Drivers of firm behavior ! AM adoption
context analysis ! |
: |
1
| ! « Likelihood of AM
\ Awareness H adoption
+ Decision dynamics o EE— . 2
: Motivation ! (Adopt AM: Yes/No?)
. i \
Production context ! Cavabili ! + Type of AM adoption
: p ty : (How to adopt AM?)
I o o o e e e e e e e e 1

FIGURE1 | Theoretical adaptation of the AMC perspective to AM adoption in the context of spare part shortages.
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TABLE 3 | Contextual factors.

Contextual
factor

Definition and operationalization

Problem urgency

Description

Example quote

Response
strategy

Description

Example quote

Original product
production
status

Description

Problem urgency relates to how quickly firms react to a spare part shortage depending on the
criticality and consequences. Firms apply different strategies to cope and manage situations of
varying problem urgency, for example, by applying criticality segment policies or extensive stocking
of critical spare parts (Boone et al. 2018; Cohen, Agrawal, and Agrawal 2006; Durugbo 2020).

High problem urgency requires
immediate action, as it leads
to stockouts, rising costs, or

dissatisfied customers. Firms

must quickly create solutions
outside of their usual after-
sales processes to maintain

reliable spare parts services.

“For example, when a shaft
breaks [...]. That happens very
abrupt, and you have to react
to it instantly.” (Firm B.3)

Medium problem urgency allows for a
moderate timeframe to resolve issues,
as firms are aware of the challenges in
advance. While costs or other impacts
may occur, they are manageable and
can be factored into decision-making.

“We currently have a bottleneck
with spare parts as far as
suppliers are concerned [and]
must address endlessly long
delivery times.” (Firm B.5)

Low problem urgency involves
long-term problem solving,
as the issue affects future
products not yet sold. No
immediate costs arise, giving
firms ample time to assess
options and decide on actions.

“[The extended producer

responsibility] is coming.

[...] For furniture, they are
discussing the “right to repair”
in different forms.” (Firm C.4)

Response strategy reflects a firm's overall attitude toward managing shortages—whether it adopts a
reactive approach, dealing with issues as they arise, a proactive approach, anticipating and preventing
problems before they occur, or a mixed strategy that combines both reactive and proactive measures.

Proactive response strategy
involves anticipating and
preventing spare part
shortages before they
become critical, ensuring
continuous availability.

“We are anticipating
potential spare part needs
by integrating a 3D printer

specifically for maintenance

work. We see it as a standard

tool in our workshop, much
like a lathe.” (Firm B.1)

Mixed response strategy combines
reactive and proactive measures,
addressing current shortages
while implementing steps to
prevent future issues.

“We use 3D printing for spare parts,

moving from occasional use in our

training center to making it a regular

workshop tool. [...] This helps with

short-term maintenance needs, and

we build the skills to make AM a
key future toolkit.” (Firm B.2)

Reactive response strategy focuses
on resolving shortages after they
occur, using immediate solutions
like emergency sourcing or
temporary fixes, without prior
planning for future problems.

“We had an unexpected shaft
breakage [...] and had to react
immediately since no spare
part was available on the spot.
[In other situations], we had to
scramble for a quick solution as
there was no advance planning
for these issues.” (Firm B.3)

Original product production status relates to the original product (not spare part) lifecycle
and describes if the original product is currently produced. Depending on the product's
position in its lifecycle, production can either be ongoing, yet to start, or (partially) ceased,
indicating to what extent production capacities are available for spare parts production (Dekker
et al. 2013; Hu et al. 2018; Hur, Keskin, and Schmidt 2018; Persson and Saccani 2009).

High original product
production status means
original products are
actively produced and used,
with high market demand,
active production lines, and
significant resources allocated
to maintain production
and to source parts.

Medium original product production
status means original products are still
produced but on a reduced scale, with

moderate demand, fewer production
lines, or selective resource allocation.

Production may have recently

ceased, but products are still in use.

Low original product production
status means original product
production has ceased or has
yet to start. There is minimal

or no market demand, no
active production lines, little

to no resources allocated,

and no suppliers existent.

(Continues)
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TABLE 3 | (Continued)
Contextual
factor Definition and operationalization
Contextual Definition and operationalization
factor

Example quote

Spare part
production
readiness

Description

Example quote

AM production
implementation

Description

Example quote

“We use the same supply
sources [and production lines]
for the original parts and for
spare parts. [...] The supplier
who supplied the original
part production also supplies
after-sales.” (Firm A.1)

“We face the challenge that [...] as
demand for spare parts increases,
original part production has
already been reduced or ceased
and spare parts are no longer
being produced.” (Firm C.1)

“The design of [production
and] supply chains is defined
by us. We decide [for our future
products] whether to purchase
parts from our factories or from
external suppliers or [...] produce
them ourselves.” (Firm C.2)

Spare part production readiness relates to the extent to which after-sales services and spare
part production capacities are in place at firms. After-sales services go beyond the mere
spare parts production and include for example spare parts inventory management, spare
part designs, delivery and supplier networks, reverse logistics, and customer services (Boone
et al. 2018; Cohen, Agrawal, and Agrawal 2006; Saccani, Songini, and Gaiardelli 2006).

High spare part production
readiness indicates that firms
have well-developed after-
sales services, including spare
parts production, product
data, tooling, warehousing,
logistics, suppliers, and
customer services.

“We provide [spare parts]
to extend the product
life and we provide
offers like repair service,
assembly, or refurbishment
service.” (Firm C.4)

Medium spare part production
readiness means that after-sales
services are only partially in place
(e.g., missing tools or suppliers),
requiring action to restore or
improve production capacities.

“We [struggle with] spare part
shortages [because] tools are worn
out [...] or must be reworked or
refurbished or manufactured from
scratch. And then the question
comes up: Is it still economic [to
produce spare parts| considering
the low quantities?” (Firm C.3)

Low spare part production
readiness indicates that after-
sales services are entirely absent,
either because production has
not started or has ceased and the
firm discontinued these services.

“We work together with the
customer [to decide] which
value-added services we
can offer in the future. Asa
result, [we ask ourselves] what
does our supply chain have
to look like?” (Firm A.6)

AM production implementation refers to the after-sales service setup of firms and the extent to which
AM has been integrated into the firm's production processes for creating spare parts. Firms include
AM in their after-sales services at different stages and in varying extent ranging from substituting
traditional manufacturing with AM (while keeping all other processes identical) to designing after-sales
services around the AM value chain (Akmal et al. 2022; Knofius, van der Heijden, and Zijm 2019).

Extensive AM production
implementation means AM is
central to after-sales and spare
parts production, with services
fully designed to leverage
AM's value chain benefits
(e.g., digital warehousing,
on-demand production).

“3D printing is not just
an alternative production
process, but it is a supply
chain management tool for
us. It enables extending the
product lifecycle indefinitely.
You don't have to compare
inventory and manufacturing
costs, calculate obsolescence
or last calls.” (Firm C.1)

Selective AM production
implementation means AM is used
for some spare parts, but firms do
not fully integrate its value chain

benefits into their after-sales services.

“[First], the costs are significantly
cheaper if we produce [certain
plastic parts] ourselves than if we
procure it externally. Second, is
speed [...]. From a maintenance
perspective, that is the essential
benefit of a 3D printer.” (Firm B.1)

No AM production
implementation means that
AM is not used for spare parts
production when designing
after-sales services.

“If a product [...] is not designed
for 3D printing, then it is
incredibly difficult to make it
3D printable [in hindsight...]
and we don't do it.” (Firm C.3)
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services for spare part supply. This ranges from selectively re-
placing traditional manufacturing with AM to extensively rede-
signing after-sales services around the entire AM value chain.
Table 3 provides a detailed overview of the five contextual factors
including the general definitions used in this study, a description
of levels of each contextual factor, and exemplary quotes that
serve as the basis for developing these contextual factors.

4.2 | Three Approaches to Adopt AM in After-Sales

Based on the contextual factors, we introduce a typology of three
approaches—corrective, preventive, or anticipatory. The config-
uration of contextual factors determines which approach firms
follow. Figure 2 shows the typology of the three approaches, the
related configuration of contextual factors, and the relevance for
each firm type.

4.2.1 | Corrective Approach

In the corrective approach, firms adopt AM to address short-
term issues in after-sales services, such as unexpected supplier
disappearances or incorrect last calls (see Appendix S1 for a de-
tailed overview of AM applications). Almost all the study's firms
experience severe, short-term challenges, often resulting in
costly warehousing or spare part shortages: “At some point, you
stock up on spare parts and you don't know if you will ever need
them. [But because we have] the 3D files, we can produce this
spare part within x hours ... and put significantly fewer spare
parts in stock” (Firm B.4). Firms following this approach react
to external change and develop short-term solutions. Their main
motivation is lowering costs (e.g., warehousing) and time (e.g.,
transportation and customs), resulting in reduced after-sales
service complexity while preserving customer satisfaction.

The corrective approach is strongly associated with a high prob-
lem urgency as firms need to fix time- and cost-critical problems
quickly. Firms demonstrate a reactive response strategy as they are

confronted with ad hoc shortages that they must address immedi-
ately. The corrective approach occurs when original products are
currently being produced, which correlates with a high original
product production status. Additionally, firms usually have spare
part production and after-sales services in place, correlating with
a high spare part production readiness and allowing firms to make
spare parts available quickly. Firms in these situations adopt AM
only to the extent necessary to produce specific spare parts, cate-
gorizing them as selective AM production implementation.

For the corrective approach, firms create awareness by, for exam-
ple, establishing close communications with their customers so
that they quickly learn about spare part shortages (Figure 3, 1a).
Additionally, firms increase their awareness through transparency
within their own processes (e.g., connecting digital warehouse
management software) and establishing an AM knowledge base
(e.g., pilot projects). A business case for AM strongly drives motiva-
tion to execute the corrective approach (Figure 3, 2a). Specifically,
firms balance costs and benefits in case of shortages to decide on
AM adoption. However, from the B2B customers' perspective for
example, motivation to solve spare part shortages is intense be-
cause machine downtime is costly and must be avoided at (nearly)
all costs: “If the machine in a production line breaks down and a
customer is losing €1.5 million an hour, we set heaven and hell in
motion so that the problem gets fixed quickly” (Firm A.6). In many
situations relating to the corrective approach, an absent business
case for AM results in firms lacking motivation and thus not adopt-
ing AM. To follow the corrective approach, firms need substantial
technical capabilities (Figure 3, 3a) encompassing the acquisition
and utilization of AM infrastructure (e.g., printers, software, and
materials), operational expertise and training, access to or creation
of 3D files, testing and certification of printed parts, and compre-
hension of AM applications.

4.2.2 | Preventive Approach

The preventive approach includes applications in which firms
adopt AM to tackle medium-term problems in after-sales

Approach Corrective approach Preventive approach Anticipatory approach

Improve after-sales Use for low spare part Meet future customer
operations demand requirements and regulations

Contextual factors

Decision dynamics Ad hoc / short-term Medium-term Future / long-term

Problem urgency High Medium Low

Response strategy Reactive Mixed Proactive

Production context

Original product production status High Medium Low

Spare part production readiness High Medium Low

AM production implementation Selective Selective Extensive

Assessment

Relevance for groups

Type A: B2B OEMs High High Medium

Type B: B2B customers High Low Low

Type C: B2C OEMs High Medium High

FIGURE2 | Summary of the approaches how to adopt AM in after-sales.
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Corrective approach Preventive approach Anticipatory approach
1o | 10 |
Awareness of spare part Awareness of possible spare
Awareness shortages actually occurring through part shortages in general and future
close communications with existing customer requirements and regulations
-..of spare customers regarding spare parts
part shortages
and benefits of
sing AM Ic . L.
using Awareness of the benefits of using AM to mitigate or prevent
spare part shortages.
2a 2b
Motivati . P ivel
otivation Reactively solve spare part roactively prevent spare part
...to solve shortages and adopt AM based on
shortages and adopt AM based on a . . .
spare part . . marketing considerations (e.g.,
business case (e.g., cost savings, . . .
shortages revenue generation) customer satisfaction, brand quality,
using AM & after-sales promises)
3 | 30 | pdoptAM
Adopt AM once spare part shortages have when setting up spare
occurred. Quickly build up AM setup or find part production. Set up
Capability external partner, reveljse-enginee? 3D files, and use AM supply chain f'ind
AM as an alternative production technology convert AM-specific
...to adopt AM advantages
3¢ Overcome AM adoption challenges (e.g., integrate AM into firm
processes, enhance AM maturity, adapt decision-making process
towards a holistic cost perspective)

FIGURE 3

services. Most firms encounter challenges when spare part de-
mand is low (see Appendix S1 for a detailed overview of AM
applications), either because the parts are specialized and the
installed base of the original product is low, or the original prod-
uct is at the end of its lifecycle and production technologies for
spare parts have ceased (e.g., tools no longer exist or have worn
out): “We [struggle with] spare part shortages [because] tools are
worn out [...]| or must be reworked or refurbished or manufac-
tured from scratch. And then the question comes up: Is it still
economic [to produce spare parts| considering the low quanti-
ties?” (Firm C.3).

The preventive approach is associated with a medium problem
urgency as firms face spare part shortages that are less urgent,
costly, or demanding of immediate action compared to the cor-
rective approach. Firms display mixed response strategies in-
cluding both reactive and proactive aspects. The applications
in the preventive approach involve original products with a
medium original product production status. Since forecasting
future spare part demand is difficult and production capacities
for spare parts are often no longer available, firms have limited
after-sales services in place corresponding with a medium spare
part production readiness: “Only in a few cases, serial produc-
tion of spare parts is possible once the production [of the original
product] has ceased. ... That is why 3D printing is used” (Firm
C.1). Like in the corrective approach, in the preventive approach
firms may not plan for AM before shortages occur, but instead
adopt it when needed and to the extent necessary, corresponding
with selective AM production implementation.

The preventive approach blends key aspects of both the cor-
rective and anticipatory approaches, emphasizing a balanced
focus on current operational needs and potential future risks.

| The AMC perspective with respect to the corrective, preventive, and anticipatory approaches.

Awareness in this approach involves a heightened sensitivity to
immediate supply chain vulnerabilities while simultaneously
anticipating future challenges (Figure 3, 1a,b). Motivation in
the preventive approach is similarly multifaceted, combining
the economic drive to avoid operational disruptions with stra-
tegic considerations that focus on long-term brand reputation
and customer satisfaction (Figure 3, 2a,b). Immediate finan-
cial benefits of avoiding downtime costs or shortages and the
desire to maintain a strong market position through reliable
after-sales support motivate firms to adopt AM. In addition,
the broader goal of sustaining customer trust and loyalty drives
firms to follow this approach to adopt AM even in cases where
the immediate business case is not compelling. The capabilities
required for the preventive approach align closely with the ones
necessary for the corrective approach, focusing on technical in-
frastructure, operational expertise, and certification processes
(Figure 3, 3a). However, it is crucial to note that while these
capabilities are essential for the preventive approach, they also
support the successful implementation of the corrective and
anticipatory approaches. Thus, firms following the preventive
approach cultivate a versatile AM capability set that not only
addresses immediate operational needs but also equips them to
handle future uncertainties in the supply chain.

4.2.3 | Anticipatory Approach

The anticipatory approach involves firms planning to address
future challenges such as upcoming regulations and customer
requirements by adopting AM (see Appendix S1 for a detailed
overview of AM applications). Specifically, we find that cus-
tomers increasingly expect spare part availability long after the
sale, inspiring legislation to strengthen product repairability and
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sustainability requirements. This, in turn, facilitates AM adop-
tion and compels firms to extend spare part provision periods:
“We offer this eternal spare part, which makes AM interesting.
Even after 10 or 12years. If [our customer] no longer has the
original spare parts, you can still offer them with AM anyway”
(Firm C.1). Additionally, firms are motivated to include AM
spare part production in future contract negotiations: “When we
order the [machine], it would be smart to order the 3D data at
the same time so that we are more independent [from our OEM].
The procurement of spare parts of the future is not to make a last
call, but to offer it forever over the product lifecycle” (Firm B.2).
Firms taking the anticipatory approach strongly believe that
having committed to AM, they will find further applications to
deepen the firm's AM expertise, become profitable with AM in
the long-term, and position themselves as technology leaders re-
garding AM.

The anticipatory approach is associated with a low problem ur-
gency and a proactive response strategy as firms act with no im-
mediate need or no business case being present (yet). Since this
approach involves future products, no (or very limited) original
product production and spare part after-sales capacities are in
place representing low levels of original product production sta-
tus and spare part production readiness. Firms have the time and
resources to set up after-sales services in line with AM require-
ments and exploit its benefits along the whole value chain (e.g.,
digital warehousing, reduced transportation and warehousing,
and optimally designed spare parts for AM production), which
aligns with extensive AM production implementation.

The anticipatory approach involves a proactive stance and firms'
knowledge of upcoming legislation, customer expectations, and
supplier challenges characterize their awareness (Figure 3, 1b).
A high level of awareness drives firms to actively plan for poten-
tial spare part shortages and develop mitigation strategies that
include AM adoption. For example, firms discuss future supply
risks and assess how AM can support long-term spare parts
availability, recognizing that some suppliers may not sustain
production over extended periods: “We are currently assessing
our future AM in-house production [for spare parts]. To supply
spare parts over the product lifecycle, our supplier must stay in
business for more than 40years. Realistically, that means there
will be suppliers that will not provide spare parts that long”
(Firm B.2).

Primarily marketing considerations such as maintaining cus-
tomer satisfaction, upholding brand quality, and fulfilling after-
sales promises drives motivation in the anticipatory approach.
Even when a direct business case for AM is missing, firms may
still adopt AM to preserve their reputation as reliable, quality-
focused providers. This approach is particularly important for
OEMs seeking to retain customer loyalty and secure future
sales through continuous support and availability of spare parts:
“[Adopting AM] is a marketing decision. We want to avoid [tell-
ing] the customer that we no longer have the spare parts. Five
years ago, the customer might have accepted such a statement
..., but this sort of conversation with a customer is not possible
today” (Firm C.1).

The capabilities required for the anticipatory approach extend
beyond technical skills required for the corrective or preventive

approach and include significant organizational capabilities.
These involve designing AM-specific supply chains, certifying
AM suppliers, and adapting internal processes to accommodate
AM (Figure 3, 3b): “Supply chain design, that is basically [a]
major pillar for [AM adoption|. That includes analyzing produc-
tion plants or suppliers and initiating processes to adjust to AM”
(Firm C.3). Organizational capabilities are essential for aligning
the firm's supply chain with AM requirements and for ensuring
that AM adoption supports long-term strategic goals, making
the anticipatory approach a comprehensive and forward-looking
strategy.

4.3 | Relevance of AM Adoption Approaches
for Different Firm Types

The relevance of the three AM adoption approaches varies
across the three firm types in our study (see Figure 2). Our find-
ings show that the market orientation (B2B vs. B2C) and sup-
ply chain tiers (OEMs vs. customers) significantly influence the
relevance of each AM adoption approach for firms, explaining
variations in AM adoption.

First, whether a firm operates in a B2B or B2C setting comes
with differences in production and demand, control over spare
parts, regulatory and customer pressures, and cost efficiency
considerations, which in turn lead to varying relevance for
each approach. For example, B2B OEMs adopt preventive and
anticipatory approaches because of their need for stringent
control over spare parts and brand image, while B2C OEMs
focus on customer-centric and regulatory aspects. These dif-
ferences arise because B2B OEMs deal with long-term parts
supply and brand integrity, while B2C OEMs face high-volume
production and evolving customer requirements. B2B OEMs
find AM particularly advantageous, as it enables them to cater
to customized and low-volume spare part demands over ex-
tensive periods.

In contrast, B2C OEMs face limitations in reaping AM's benefits
given their products’ typically standardized, high-volume na-
ture. However, high customer influence, evolving requirements,
and addressing sustainability concerns drive AM adoption for
B2C OEMs. Additionally, meeting impending regulation be-
comes crucial for B2C OEMs that anticipate increased regula-
tory requirements. This positions B2C OEMs to extend products’
lifespans in line with future maintenance regulations, whereas
the existing stringent regulations in the B2B setting make this
consideration less pressing for B2B OEMs: “The ‘right to repair,’
which is now coming from the European Union, is based on peo-
ple's awareness about moving away from the throwaway society
and [increasing] the pressure to repair. In the B2C sector, it's all
about the customers. [The pressure to repair] has always been
there in the B2B sector” (Firm VI).

Second, in the realm of B2B supply chains, supply chain tiers
impact AM adoption because OEMs leverage AM to maintain
brand control and manage spare parts in response to warranty
requirements and supply chain challenges, while B2B custom-
ers, with established in-house maintenance practices, often see
less need for AM despite its benefits in streamlining internal
processes. Specifically, B2B OEMs wield influence in the spare
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part domain, for example, by requiring customers to adhere
to warranty guidelines: “Inside of warranty you must use the
original spare parts and, if you don't, you lose your warranty.
... For the OEM, it's crucial to control [brand image| as much as
possible” (Firm I). Controlling brand image is pivotal for OEMs,
prompting their adoption of AM to address supply chain chal-
lenges and bolster resilience.

This allows OEMs to navigate supplier-related issues and elevate
customer satisfaction. In contrast, B2B customers, with their es-
tablished in-house maintenance practices and alternative spare
part methods such as stocking and just-in-time delivery, expe-
rience fewer disruptions and often find cost-effective solutions
that reduce the perceived need for AM in their supply chain
dynamics. However, B2B customers recognize the value of AM
in streamlining internal processes and generating components
with reduced qualification and testing prerequisites compared
to OEMs. While mainly B2B OEMs capitalize on the preventive
approach during periods of low spare part demand, B2B custom-
ers, driven by cost considerations, already extensively employ
alternative methods to uphold product functionality. As a result,
the widespread maintenance practices observed in B2B custom-
ers limit the broader potential for leveraging AM to enhance
maintenance activities.

4.4 | Differences in AM Adoption Leveraging
the AMC Perspective

With some firms having integrated AM into routine after-sales
services and others only initiating test runs to explore its poten-
tial (see Table 2), applying the AMC perspective leads to three
key insights that explain differences in AM adoption: (1) lack
of awareness, motivation, and/or capability, (2) differences in
AM capabilities, and (3) differences in overcoming AM adoption
challenges. First, our study shows that firms do not adopt AM
if they lack either awareness, motivation, or capability. For AM
adoption to occur, all three constructs must be present: aware-
ness of spare part shortages and the benefits of AM, motivation
to address shortages using AM, and capability to adopt AM. In
some situations, firms have access to AM capabilities but still do
not adopt due to a lack of awareness or motivation. The lack of
awareness often results from poor inventory management, data
analytics gaps, or communication breakdowns within the orga-
nization (e.g., firms A.6 and B.4). Similarly, some firms that are
aware of AM's benefits lack motivation to adopt it, as they are
not convinced by the business case or marketing considerations
and instead focus on selling new products or maintaining oper-
ational simplicity (e.g., firms A.1 and C.1).

Second, the alignment between a firm's existing and required
AM capabilities varies across the adoption approaches identified
in the study. The most important capabilities for AM adoption in
our study include AM-specific technical capabilities (e.g., acquir-
ing and utilizing AM infrastructure, providing training, creating
3D files, certifying printed parts, designing parts for AM, and
investing in R&D for advanced materials and digital twins) and
non-technical capabilities (e.g., fostering cross-functional col-
laboration, strategically planning supply chains, integrating AM
evaluation early in the design phase, and developing streamlined
approval processes). While all capabilities are important, their

relevance differs depending on the specific approach firms follow,
leading to potential mismatches that explain why AM adoption
differs across firms in similar contexts. The required capabilities
also vary depending on whether firms choose to develop AM in-
house or outsource it. Firms with more in-house AM expertise or
infrastructure tend to adopt AM more easily, while those lacking
these elements rely on external partners.

Third, our study identifies four major AM adoption challenges
and firms differ in their ability to overcome those challenges.
First, integrating AM for spare part production into existing
processes proves complex and costly, particularly as product
development departments often prioritize original part pro-
duction over spare parts. A lack of communication between
departments further complicates this integration (e.g., firms
A.1 and B.4). Second, firms face difficulties with the quali-
fication and certification processes for AM, which are time-
consuming and expensive. Acceptance of AM by employees
and customers, along with alignment to the firm's business
model, also present challenges (e.g., firms A.5 and C.2). Third,
the overall maturity of AM remains a hurdle, with concerns
about quality, data acquisition, and intellectual property hin-
dering widespread adoption (e.g., firms A.2 and B.1). Fourth,
decision-making in after-sales often relies on simplistic unit-
cost analyses, which can deter firms from adopting AM, de-
spite its potential for overall savings across different business
areas (e.g., firms A.1 and C.1).

5 | Discussion
5.1 | Contributions to Theory

Our study explains why AM adoption differs across firms, es-
pecially in the context of spare part shortages. We conducted a
comparative case study, ensuring our findings are both theo-
retically grounded and practically insightful, identifying three
distinct adoption approaches and using the AMC perspective to
explain these differences. In line with Craighead, Ketchen, and
Darby's (2019) call for actionable, insightful, and measurable re-
search, and building on Stank et al.’s (2017) emphasis on middle-
range theorizing to explain research phenomena, we present our
contributions to theory below.

5.1.1 | Expanding Research on AM Adoption

First, our findings challenge the assumption that economic justi-
fication is the sole driver of AM adoption. Existing research often
posits that firms switch to AM only when it offers immediate
cost savings or operational efficiencies (Heinen and Hoberg 2019;
Knofius, van der Heijden, and Zijm 2016; Westerweel et al. 2021).
In contrast to this, our study reveals that firms can adopt AM
even without a clear business case, particularly through the antic-
ipatory approach. These firms prioritize long-term strategic bene-
fits—such as building AM expertise and maintaining after-sales
service commitments—over short-term economic considerations.
Our findings also stress the importance of focusing on the criti-
cality, related costs of disruptions, and situational context of spare
part shortages. Based on our findings, we propose to shift the re-
search perspective on AM adoption beyond economic feasibility
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and to acknowledge and explore the strategic motivations involved
in AM adoption. Our study's insights open new avenues for un-
derstanding AM adoption in the context of customer satisfaction,
competitive pressures, and regulatory anticipation, allowing us to
challenge the existing focus on economic justification.

Second, our findings reveal that AM adoption is not a straightfor-
ward, linear process but a dynamic, context-dependent journey.
Existing research often presents AM adoption as a singular deci-
sion—such as whether to make-or-buy, when to replace traditional
manufacturing, or which parts to produce with AM (Frandsen
et al. 2020; Friedrich, Lange, and Elbert 2022; Handfield
et al. 2022). However, our study shows that the specific context in
which these decisions are made deeply influences AM adoption,
as the impact of contextual factors, the firm's B2B or B2C setting,
and its supply chain tiers demonstrates. Our study highlights in-
stances where firms are reluctant to adopt AM despite technical
and economic feasibility, and including contextual factors into the
assessment helps to explain this discrepancy.

The interplay of contextual factors creates a dynamic environ-
ment, where firms tailor their AM approach based on their spe-
cific context. For instance, a spare part shortage may prompt
firms to follow the corrective approach to immediately tackle
short-term shortages while simultaneously (or subsequently)
implement the anticipatory approach to mitigate future short-
ages. By analyzing contextual factors, we add a new dimension
to identifying spare parts suitable for AM, thus complementing
the top-down portfolio analysis and bottom-up single spare part
assessment (Heinen and Hoberg 2019; Knofius, van der Heijden,
and Zijm 2016; Westerweel, Basten, and van Houtum 2018).
Based on our findings, we emphasize the significant role of con-
textual factors in facilitating AM adoption, which allows new
pathways for understanding AM adoption within the broader
context of decision-making in after-sales.

Third, focusing on spare part shortages as our specific research
context offers unique insights that expand existing knowledge
on AM adoption. While most research tends to focus on parts
for original production or occasionally spare parts, it rarely ad-
dresses spare part shortages (Akmal et al. 2022; Knofius, van
der Heijden, and Zijm 2019; Lindemann et al. 2015), despite the
critical challenges they pose (Westerweel et al. 2021). Our study
fills this gap by highlighting how terminal spare part short-
ages represent decisions that significantly impact AM adoption.
Through an in-depth analysis of this unique context—charac-
terized by low and volatile part demand, high customer expecta-
tions, and the need for swift action—, we identify three distinct
AM adoption approaches and demonstrate how organizational
motivations influence AM adoption decisions. Based on our
methodological choice and focus on a specific research context,
we highlight the value of employing diverse methods and re-
searching underexplored contexts in AM adoption research to
close knowledge gaps.

5.1.2 | Leveraging the AMC Perspective

Applying the AMC perspective has been crucial in explain-
ing why firms in similar contexts (e.g., industry, products,

and after-sales challenges) vary in their AM adoption, offer-
ing insights missed by previous research. Although existing
research mainly focuses on AM-specific capabilities, the lim-
ited attention to all three constructs of the AMC perspective
in the literature (see Table 1) shows that research overlooks
the critical roles of awareness, motivation, and non-technical
capadbilities.

First, critical capabilities in AM adoption extend beyond AM-
specific skills to include the ability to develop and adapt these
capabilities within the firm. Existing research highlights that
AM adoption depends on firms having the necessary infrastruc-
ture and technology skills (Handfield et al. 2022; Mellor, Hao,
and Zhang 2014; Xu, Rodgers, and Guo 2021) and making strate-
gic make-or-buy decisions based on their capabilities or to safe-
guard their digital assets and foster internal learning (Friedrich,
Lange, and Elbert 2022). However, our findings show that suc-
cessful AM adoption also requires developing non-technical ca-
pabilities. Firms' ability to overcome the identified AM adoption
challenges varies based on their capabilities, ultimately adding
to the explanation of differences in AM adoption despite simi-
lar spare part shortages. Additionally, the make-or-buy decision
reflects power dynamics in the AM supply chain, where firms
without internal resources rely on external providers who lever-
age their expertise for favorable terms and long-term contracts.
In line with Friedrich, Lange, and Elbert (2022), our findings
support the importance of AM governance and transaction costs
in explaining AM in-house or external AM adoption. Based on
our findings, shifting the perspective on AM adoption beyond
assessing required AM technology capabilities to understand-
ing AM adoption in the context of overcoming organizational
barriers, fostering internal collaboration, and leveraging part-
nerships is essential and provides opportunities to link AM
adoption to research on strategic decision-making and organi-
zational processes.

Second, both awareness and motivation play critical roles in
AM adoption, acting as significant antecedents for AM adop-
tion. Existing research on AM adoption tends to neglect the
importance of awareness and motivation in the decision-
making process (Frandsen et al. 2020; Lindemann et al. 2015;
Mellor, Hao, and Zhang 2014). In contrast, our study reveals
that these two constructs are not inherent, and a lack of either
one significantly hinders AM adoption. Even when firms have
the necessary technical capabilities and motivation, a lack of
awareness about AM's benefits to mitigate a shortage can pre-
vent adoption. In several situations, firms were unaware that
AM could resolve issues they were facing, resulting in missed
opportunities and reluctance to adopt AM. Similarly, motiva-
tion is a critical factor for AM adoption, as even firms with
awareness and capabilities avoid AM adoption if they lack mo-
tivation to adopt AM or to solve the spare part shortage in gen-
eral, particularly in situations of planned obsolescence. These
insights demonstrate that research profits from viewing AM
adoption through a broader lens that includes both awareness
and motivation as pivotal antecedents. Understanding how
firms develop awareness of AM's benefits, what drives their
motivation, and how these elements influence AM adoption
decisions is essential to overcoming the barriers that limit the
widespread use of AM.
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5.2 | Policy Recommendations and Managerial
Implications

Our findings offer practical recommendations for managers and
policymakers to facilitate AM adoption. Based on the insights
from applying the AMC perspective, managers should start by
developing awareness in two key areas (see Figure 3). First, cre-
ate awareness of spare part shortages by analyzing the frequency,
predictability, reasons, and financial and operational impacts of
shortages. Second, create awareness of AM benefits, including
technical capabilities and costs, for example by introducing AM
pilot projects for non-critical parts, team leads to explore AM, or
consulting from external service providers.

Once managers establish awareness, they should critically assess
the firm's motivation to tackle spare part shortages. If shortages
are not acceptable to the firm's after-sales strategy and should be
mitigated, managers should define the most suitable adoption ap-
proach based on the AM applications in Appendix S1 and evaluate
if the required motivation and capability to follow this approach
are met (see Figure 3). While the corrective approach requires
selective AM implementation only, the anticipatory approach re-
quires an extensive AM implementation across the value chain
(see Figure 2). Depending on the approach, managers should eval-
uate their motivation to adopt AM by developing a business case
that includes costs and savings along the value chain and by ana-
lyzing non-monetary, after-sales related benefits of AM, for exam-
ple, regarding customer satisfaction and AM expertise leadership.

Furthermore, managers should build the required capabilities
depending on the selected approach. To follow the corrective ap-
proach, firms need capabilities that allow them to quickly produce
spare parts. This includes the necessary printers, 3D files, exper-
tise, and certification processes. To follow the preventive approach,
firms require the same capabilities but have a more moderate time-
frame to resolve the shortage (see Figure 2). To follow the antici-
patory approach, firms also need the same capabilities as above
but must additionally foster collaboration across departments to
integrate AM into product design processes and to realize cost sav-
ings along the value chain (e.g., in warehousing or transportation).
Based on our findings, managers should decide whether to build
these capadbilities in-house or source them externally based on the
problem urgency, the availability of internal knowledge, resources,
and technology, and the strategic importance of AM expertise. If
AM is expected to become a core part of the after-sales business,
building internal capabilities is essential, but if the focus is on find-
ing an efficient and reliable solution to spare part shortages, out-
sourcing to a specialized service provider may be the better option.

Following these steps, managers can tailor their AM adoption
strategy to effectively meet their business needs and leverage
AM adoption to help reduce disruptions and enhance customer
satisfaction. AM's advantages over traditional manufacturing—
such as lower setup costs, tool-less production, shorter lead
times, and improved part design—and its ability to improve sup-
ply chain responsiveness make it an attractive option for firms
looking to mitigate spare part shortages.

Finally, recognizing AM's advantages are not only crucial
for managers but also for policymakers who seek to promote
AM adoption. By addressing all three elements of the AMC

perspective, they can develop a business environment that facil-
itates AM adoption. Specifically, policymakers can raise aware-
ness through public campaigns and communication strategies
that emphasize the benefits of solving spare part shortages and
using AM, increase motivation through subsidies and regula-
tions that encourage firms to prioritize spare part availability
and repair activities (e.g., the “right to repair”), and simplify
investments in necessary AM capabilities and collaborations
across firms. By doing so, they can help shape an environment
that fosters greater AM adoption in spare part management,
ultimately benefiting both businesses and the broader drive for
sustainability.

5.3 | Limitations and Future Research

While our study provides novel insights into AM adoption, the-
oretical and methodological limitations remain. First, given
our theoretical lens and research design, our study captures the
complexity of AM adoption at a single point in time, while our
findings reveal that AM adoption is a dynamic process rather
than a singular decision. Ongoing technical advancements and
shifting market conditions influence firms continuously and
require them to adapt their strategies over time. Although our
study provides valuable insights on this complexity at a spe-
cific moment, future studies could offer deeper understanding
by tracking firms longitudinally through various stages of AM
decision-making. For example, by applying innovation assimila-
tion theory (Meyer and Goes 1988), researchers could gain more
nuanced insights into the AM adoption process, complement-
ing the context-dependent findings highlighted in our study and
moving beyond the static view of the AMC perspective.

Second, there are methodological limitations linked to our com-
parative case study that affect the generalizability of our find-
ings. Focusing on manufacturing firms in Germany may not
fully represent firms in different regions or industries, the num-
ber of cases could limit the results, and firm selection may skew
our findings toward firms more supportive of AM, as they were
likely more willing to participate in this study. Since we find that
regulations and customer requirements can significantly impact
AM adoption, our findings are likely limited to countries with
regulatory and cultural proximity to Germany. To address these
limitations, future research could expand to diverse countries,
industries, and cultures to assess the broader applicability of our
findings and the role of contextual factors and AM approaches
in these different settings.

6 | Conclusions

Our study conducts a comparative case study exploring AM adop-
tion in the unique context of spare part shortages. We find that
AM adoption varies, with firms employing corrective, preventive,
or anticipatory approaches depending on the specific nature and
context of the shortage. By applying the AMC perspective, we
address this notable knowledge gap and can better explain differ-
ences in AM adoption that had not been fully understood before.
Our study contributes to AM adoption research by challenging
the assumption that economic justification primarily drives AM
adoption, highlighting the contextual factors that influence the
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dynamic, context-dependent process of AM adoption, and em-
phasizing the importance of non-technical capabilities, aware-
ness, and motivation as critical antecedents for successful AM
adoption. Further research on AM adoption in underexplored
settings like spare part shortages will not only deepen theoretical
understanding but also provide practical guidance for firms nav-
igating the complexities of AM adoption.
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Endnotes

I'This study defines spare part shortages as prolonged unavailability of
spare parts given manufacturing constraints or permanent cessation.

2We excluded B2C customers as they are individuals rather than manu-
facturing firms and usually do not manage spare part stocks, have no
strong relationships with spare part suppliers, and differ from manu-
facturing firms in their decision-making process.
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