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Abstract Technological innovation has frequently been shown to systematically
change market structure and value creation. Additive manufacturing (AM), or,
colloquially 3D printing, is such a disruptive technology (Berman 2012; Vance
2012). Economic analysis of AM still is scarce and has predominantly focused on
production cost or other firm level aspects (e.g., Mellor et al. 2014; Petrovic et al.
2011; Ruffo and Hague 2007), but has neglected the study of AM on value creation
and market structure. In this paper, we want to discuss the economic effects of AM
on the locus of innovation and production. This is why we first review some current
business models that successfully use AM as a source of value creation. Being a
potential disruptive influence on market structures, we then discuss how AM may
enable a more local production by users, supplementing the recent development of
an upcoming infrastructure for innovating users and “Makers”.

4.1 Introduction

Recently, it has been highlighted that additive manufacturing (AM) technology has
the potential to spark a new industrial revolution by extending the features of con-
ventional production systems (Atzeni and Salmi 2012; Berman 2012; Mellor et al.
2014; The Economist 2011). But AM technology affects market structure beyond
direct effects on a single firm’s production processes. There is a growing community
of “Makers” who develop and share 3D models, sell 3D printed products on mar-
ketplaces, and even develop and provide their own 3D printers for home usage
(De Jong and de Bruijn 2013; Gershenfeld 2005; Lipson and Kurman 2013). Fur-
thermore, a steadily growing number of 3D printers for home and industrial use
extends the scale and scope of manufacturing options. Only two years ago, industry
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analyst Gartner (2012) argued that AM is at its “peak of inflated expectations,”
noting that the technology is still too immature to satisfy such high expectations.
More recently, however, Gartner (2014) predicted that industrial use of AM is likely
to reach a level of mainstream adaptation between 2016 and 2020.

AM technology has been in use since the 1980s. In the early phase, the application
of AM technology was basically limited to the production of prototypes. The tech-
nology’s primary goal was to offer an affordable and fast way to receive tangible
feedback during the product development process; prototypes were usually not
functional (Gibson et al. 2010). Today, prototyping via AM has become a common
practice in many firms. The far greater opportunity of AM, however, and the reason
behind its current hype, is its promise to replace conventional production technologies
for serial manufacturing of components or products (“rapid manufacturing”, Gibson
et al. 2010). The latter application also bears numerous opportunities for business
model innovation.

4.2 Technological Characteristics Driving AM’s Economic
Impact

Ongoing standardization efforts aim to find a coherent terminology for the various
AM technologies in use today. Generally, AM refers to “the process of joining
materials to make objects from 3D model data, usually layer upon layer” (ASTM
International 2012). There is a variety of different manufacturing processes behind
the general term AM. These processes can largely differ in the available choice of
materials, build rates, the mechanical properties of the produced parts and other
technological constraints. Thus, certain application fields are usually associated
with either of these processes. As a result, one cannot refer to the AM technology.
This is why further economic analysis in this paper aims to generalise some basic
principles that characterise AM as a new production technology available for
industrial and personal uses.

The main benefit of AM technology is that it enables the flexible production of
customized products without cost penalties in manufacturing. It does so by using
direct digital manufacturing processes that directly transform 3D data into physical
parts, without any need for tools or moulds. Additionally, the layer manufacturing
principle can also produce functionally integrated parts in a single production step,
hence reducing the need for assembly activities. Thus, AM technology significantly
affects the costs of flexibility, individualisation, capital costs, and marginal pro-
duction costs (Berman 2012; Dolgui and Proth 2010; Koren 2006).

Nonetheless, the opportunities of AM come with a number of limitations:
available materials do not always match the characteristics of conventional manu-
facturing processes, the production throughput speed is rather low, most manufac-
tures still demand an additional surface finish, and common standards for quality
control are not established yet (Berman 2012; Gibson et al. 2010). While the former
limitationsmay be of temporary nature, diminishing with technological development,
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there is a larger inherent threat of AM: In combination with improved 3D-scanning
and reverse-engineering capabilities, AM also poses severe risks to the intellectual
property rights of product designs (Kurfess and Cass 2014). In the end, AM means
digital production, starting with full digital representations of the output. Copying a
physical product and converting it into shareable 3D design data might become as
easy as copying a printed document or sharing ordinary computer files—similar
developments led to disruptive change in the music industry (Wilbanks 2013). The
issue of property rights in an age of digital product designs is one of the most severe
economic consequences of AM. In the end, we believe it will be the clever design of
ecosystems and business models, turning this threat into an opportunity, which will
determine the economic potential of AM.

4.3 AM Ecosystem

Economic consequences of AM can hardly be discussed at a single user level. As
coined by Jennifer Lawton (president at MakerBot), “3D printing is an ecosystem,
not a device” (Conner 2013). Thus, it is important to develop an understanding of
the different elements that constitute this ecosystem which go far beyond sole
manufacturing resources and industrial users. Figure 4.1 provides an overview of
the components of such an ecosystem.

Though AM is a manufacturing technology, it needs to be considered in the
context of digital value chain activities (Brody and Pureswaran 2013; Rayna and
Striukova 2014). This is why the ecosystem encompasses activities along a com-
bination of both a conventional manufacturing value chain and a digital value chain
of content (product design) creation and distribution. Manufacturing value chains

Fig. 4.1 AM ecosystem
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frequently include activities related to supply, R&D, production, distribution and
the use of a final product (Rayport and Sviokla 1995). Digital value chains differ in
regard to its primary object of transactions: it is, by definition, information or digital
content (Walters 2012). AM’s capability of direct digital manufacturing is fre-
quently highlighted—besides raw materials, it is only the digital product design
(CAD) file needed functioning as a universal interface (Berman 2012; Lipson and
Kurman 2013; Tuck et al. 2008). Thus, elements of a value chain for digital
manufacturing would need to encompass elements such as software, policy (i.e., IP
rights), or online services and online 3D design marketplaces.

While most innovation for the manufacturing value chain has been driven by
large conventional companies in a BtoB-setting, innovation in the digital value
chain has been the result of a growing community of “Makers”, i.e. hobbyists,
private consumers, and small start-ups interesting in utilizing AM for local man-
ufacture of objects for own use. This community has been very active in developing
3D models, creating an infrastructure for sharing these models digitally in online
repositories (like Thingiverse or Google 3D Warehouse), selling 3D printed
products on marketplaces, and even developing their own 3D printers for home
usage (De Jong and de Bruijn 2013; Gershenfeld 2005; Lipson and Kurman 2013).

We argue that this Maker community has become a kind of “economic lab”,
experimenting with different designs of value chain and business models, which also
provides insight for large scale industrial use of AM. Much of the development of
AM innovation in this Maker community has been driven by a mindset of open-
source hardware and “Creative Commons” licences. Still, various for-profit busi-
nesses emerged successfully from this ecosystem. For example, what started as an
open-source project for personal 3D printers (the RepRap project), was further
developed and commercialized with the ‘Makerbot’, a New York based company
that became object of a large acquisition by one of the core companies of commercial
AM technology (see next section). The upcoming of sustainable business models for
AM hence may be similar to the early days of personal computing, where early PC
development took place in the “Homebrew Computer Club”, developing then into
commercial PC makers (Apple etc.), or of digital music distribution, where file
sharing communities like Napster developed into commercial online music plat-
forms like iTunes (Anderson 2012; Berman 2012; Lipson and Kurman 2013).

4.4 Examples of Existing AM Businesses

Today, a variety of business model exist that cover different activities in the AM
ecosystem. In the following, we present some examples of key players in this
domain to illustrate how pioneering firms already use AM in their businesses.

Shapeways, one of the first movers in this market, is a 3D model marketplace
and production service. It is estimated that they hold a market share of about 70 %
(Ponfoort et al. 2014). The idea of Shapeways is to connect designers with con-
sumers, thereby collecting a certain service and production fee. i.materialise is
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using a similar business model. Thingiverse, on the other hand, is a community-
based design sharing platform, operated by Makerbot (owned by Stratasys). The
main idea behind this platform is to promote the use of home 3D printers, in
particular Makerbot devices.

FabLabs also aim at promoting the use of 3D printing, however, they are not
profit-oriented and work closely together with universities and research centres.
These labs provide access to local digital fabrication tools (e.g., 3D printer, laser
cutter). TechShops commercially provide a similar digital fabrication infrastructure
on a pay-by-use basis. 3D Hubs is a platform to find nearby 3D printers. The idea is
to share existing capacity of locally available printers. 3D Hubs as the match-maker
charges a service fee to users. This platform is thus using the advantage of 3D
printing as a local production facility.

If files for printing are not downloaded from a design sharing platform like
Thingiverse, they need to be generated and altered. Already existing objects may be
scanned, using a 3D scanner. NextEngine or Makerbot offer such a product. CAD
software, as provided by Autodesk, may then be used to edit such files. Alterna-
tively, it can of course be used to generate 3D design files from scratch. Finally,
there are, of course, machine manufacturers, such as 3D Systems or Stratasys who
offer 3D printers in various price ranges for both, industrial and home use.

Indications of growing market confidence in the sustainability of business
models relying on 3D printing offerings include the recently announced acquisition
of Makerbot by Stratasys for US$403 million (Stratasys 2013). Furthermore,
dedicated investment funds have been launched that track the performance of the
AM sector. Building on AM technology in general and the aforementioned business
models in particular, a variety of opportunities for innovation and entrepreneurship
arise.

4.5 How AM Facilitates User Innovation
and Entrepreneurship

The history of technology taught us that innovation and new business models are
frequently developed outside firms’ R&D departments (Von Hippel 2005). User-
driven innovation appears where problems are directly observed and corresponding
solutions are developed. AM facilitates transforming ideas into physical products,
and to turn user innovators into manufacturers and entrepreneurs. Thus, user
entrepreneurs may become independent of established producers’ manufacturing
resources to (locally) commercialize their innovations with their own business
models.
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4.5.1 Local Manufacturing and 3D Printing at Home

A distinctive feature of AM is frequently emphasized in the popular press: its ability
to be placed locally next to potential users, up to the point of locating a 3D-printer
into a user’s home (Berman 2012; De Jong and de Bruijn 2013; The Economist
2011; Vance 2012). Physical products have usually been manufactured at a pro-
duction site far from the location of end user. For many products fixed costs in
conventional production lead to economies of scale. Some products are also simply
too difficult to produce or to assemble for a regular user, there is a need for specific
knowledge or tools which are costly to get. The downside of this way of producing
is typically some kind of missing fit of the final product. Some products are needed
“right away”, others are produced in a standard setting at the manufacturer while
users have a preference for a variety. Moreover, some products require a try-on and
rework, again resulting in disutility for the user.

If this disutility overweighs the economies of scale in production, there is scope
for local manufacturing at the point of use. This feature is exactly the core of the
business model of 3D Hubs. One of the key characteristics of AM is that it dra-
matically reduces the benefit of conventional economies of scale. As a result, local
manufacturing could become profitable. Anecdotic evidence supports this obser-
vation: The price of personal 3D printers has decreased several magnitudes within
the last 5 years, leading to a growth in the installed base of this machinery of
50–400 % annually (Wohlers 2013). In addition, an accessible local manufacturing
infrastructure based on AM is in the upcoming. Companies like TechShop or non-
profit institutions such as FabLabs provide local access to AM, comparable to the
“copy shop” around the corner. Thus, it is likely that an increasing number of users
will direct access to local 3D printing resources in the near future.

4.5.2 User Innovation and AM

Local production may be foremost attractive for innovating users. Past research has
shown that users have been the originators of many industrial and consumer
products (Von Hippel 2005). Especially when markets are fast-paced or turbulent,
these lead users are becoming a major source of innovation. Recent development in
IT have lowered the cost for users to innovate: steadily improving design capa-
bilities that advances in computer hardware and software make possible; improved
access to easy-to-use development software; and the growth of a steadily richer
innovation commons that allows individual users to combine and coordinate their
innovation-related efforts via the internet. But there has been a “missing link”
(Skinner 1969) in user innovation: manufacturing. Many (lead) users lack the
resources and capabilities to turn their inventions into “real” products beyond
prototypes, i.e., products with the same properties like industrially manufactured
goods. Hence, users often freely revealed their innovations to manufacturers
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(Harhoff et al. 2003), benefiting from their capabilities to produce the product in an
industrial and stable quality. Manufactures, in turn, benefited from taking up this
task by the opportunity to sell these products also to other customers, hence pro-
viding a distribution channel for the user invention. For broader development of
user innovations, however, this system relied on the availability and willingness of
a manufacturer to take up a user innovation.

AM could change this process. Users can turn to advanced AM technologies to
produce smaller series of products for themselves and their peers. User innovation
then will be supplemented by user manufacturing, which we define as the ability of
a user to easily turn her design into a physical product. By eliminating the cost for
tooling (moulds, cutters) and switching activities, AM allows for an economic
manufacturing of low volume, complex designs with little or no cost penalty. AM
further enables multiple functionality to be manufactured using a single process,
including also secondary materials (like electrical circuits), reducing the need for
further assembly for a range of products. In addition, integrated functionality can
replace the need for surface coatings and textures (Wohlers 2013). All these
characteristics make AM a perfectly suited manufacturing technology for user
manufacturers.

4.5.3 User Entrepreneurship and AM

With this production capacity available, user manufacturers may turn into user
entrepreneurs. Recent research found that innovating (lead) users frequently engage
in commercializing their developments (Shah et al. 2012). Accordingly, the term
user entrepreneurship has been defined as the commercialization of a new product
and/or service by an individual or group of individuals who are also innovative
users of that product and/or service (Shah and Tripsas 2007). User entrepreneurs
experience a need in their life and develop a product or service to address this need,
before founding the firm. As a result, user entrepreneurs are distinct from other
types of entrepreneurs in that they have personal experience with a product or
service that sparked innovative activity and in that they derive benefit through use
in addition to financial benefit from commercialization.

The option for local production via AM will also benefit user entrepreneurs. First
of all, the sheer opportunity to get access to a flexible manufacturing system
without investing in high fixed cost may turn more lead users into user entrepre-
neurs. In particular, the new product development process can be facilitated when
AM is employed. Efforts both in terms of costs and time can be largely reduced
with access to local AM resources, while design iterations do not involve cost
penalties (no tooling). Once user entrepreneurs started commercializing their
products, they may have a competitive advantage against established manufacturers
as they obtain better local knowledge on customer demand, allowing them to design
products closer to local needs. Especially in a situation where customer demand is
heterogeneous and customers place a premium on products fitting exactly to their
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needs, local producers may outperform established manufacturers of standard
goods. The benefits of offering a better product fit may outweigh disadvantages in
manufacturing costs due to economies of scales achievable by the established firm
with its standard offering. A system of entrepreneurial user manufacturers could
have large impact on the market structure in a given industry.

Interestingly, entrepreneurs do not need to acquire their own manufacturing
resources. Instead, they might use the existing AM ecosystem and rely on a 3D
printing service (like Shapeways, as described before) or contract manufacturer to
produce their goods—the interface is rather simple: the product’s 3D design file.
Thus, AM reduces barriers to market entry as fixed costs for production are largely
eliminated.

4.6 Conclusions

Concluding, we propose that AM will largely influence the locus of innovation and
production, enabling the design of new value chains and business models. To
achieve economies of scale, many physical products have previously been manu-
factured far from the site of end use. This can sometimes create high costs for the
user due to the lags involved in acquiring something physical that is needed “right
away” and “just as I like it”. In these cases, AM of physical products at the point of
use can make sense even if it comes with high production costs per unit. This
market demand, in turn, induces development of on-site manufacturing methods
and equipment. Once these are available, they tend to become progressively
cheaper and serve larger segments of the market.

However, the future development of AM and its applications are hard to predict,
which is mainly caused by the fact that AM is embedded in a large ecosystem with
a variety of actors with different capabilities and interests. Users might play a
significant role in this ecosystem. They successfully demonstrated their innovating
power in the past; now, as they get increasingly more access to local manufacturing
resources (formerly, the “missing link”), it is likely that the triad of user innovation,
user manufacturing and user entrepreneurship is fuelled. The current rise of a Maker
community utilizing, but also developing AM technologies, is a string indicator for
this opportunity. In turn, established firms need to rethink their existing business
models and adapt a different role in the ecosystem, for example one of a platform
operator, marketplace or service provider.

Naturally, there are also opposing drivers, so the question whether production
will shift toward a system of local manufacturing is non-trivial: First, under com-
petition, existing manufacturers may react with pricing and/or product enhance-
ments, increasing the appeal of their offerings. Secondly, it has been shown that the
strive for economies of scale in a centralized conventional manufacturing system has
established a strong and very proven regime that is difficult to break up. Finally, the
threshold to engage in own manufacturing may be high for many users. Consider the
case of digital photo printing: After a strong rise of home photo printers, the market
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today has equally divided into decentralized printing kiosks in drugstores and large
scale, centralized labs served via the internet. At-home printing of glossy photos
however has strongly diminished. Are these transitional adaption effects or structural
constraints? Future research has to show.
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