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Summary 
This thesis seeks to understand and explain the emergence of innovative ecosystems and the role 

of technology-producing firms therein. It employs a qualitative, theory-building case study focused 

on the 3D printing industry and the strategies of the three largest firms in this industry.  

The general research gap that this thesis tries to address is a lack of understanding of the complex 

processes between the founding of a new industry based on a technological invention and the 

maturity of such an industry. Specifically, it focuses on the role demand and firm networks play 

in this process, and the power of original equipment manufacturers (OEMs) in shaping and 

controlling the industry. 

The thesis uses the lens of innovative ecosystems as a way to map the structure of firms in an 

industry by function: these are either focal firms, integrating technologies into functioning 

products; components, the (technology) suppliers of the focal firm; or complementors, firms or 

other parties that offer products or services that enhance the value of the focal firms’ products.  

This thesis both proposes a conceptual model for ecosystem emergence and explores this proposed 

model in the 3D printing industry. 

The proposed model describes ecosystem emergence in phases, based on different modes of 

application of the technology by its customers. A technology can be used either for niche 

applications, for mainstream applications in which existing technologies are replaced, or ultimately 

as a main source of value. For each of these modes of applications, the technology takes up a 

different role in the customer firm, entailing different requirements from the technology-supplying 

industry. These requirements take the form of a bottleneck (that aspect of the technological system 

that needs to be improved for it to be valuable) in the industry, located in any part of the innovative 

ecosystem (in the focal firm, components or complements). Focal firms have a certain boundary-

shaping power, meaning they can engage in vertical (dis)integration both backwards (towards 

components or suppliers) and forwards (towards complementors). This is a way for these firms to 

reduce coordination risks and appropriate value from the industry. 

This theoretical model is explored in the context of the 3D printing industry. It is based on mostly 

secondary data from the firms (e.g. press releases and annual reports) and industry-wide 

information, such as industry-specific journals, industry reports and patents. 
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The 3D printing industry was founded in the mid-‘80s in the United States. It is based on various 

technological processes that additively construct solid objects by bonding layers of material from 

digital 3D models. It is an industry that has from the beginning until today been dominated by a 

small number of firms. The main customer base of the industry is formed by manufacturing firms. 

The most important distinctive characteristics of 3D printing as a manufacturing technology are: 

new possibilities for design, as product design is no longer limited by what can be manufactured 

and instead only by what can be designed; and secondly new considerations for manufacturing, as 

the cost function of product manufacturing shifts from fixed to variable costs due to the bypassing 

of tooling and specialized manufacturing equipment. 

The main applications of 3D printing are: rapid prototyping, in which the printer is used to create 

visual models based on a design, aimed at testing for form, fit or function; direct manufacturing, 

in which 3D printing is used as an alternative way of manufacturing end-products in cases where 

traditional manufacturing options are costly, time-consuming or difficult; and product innovation 

through 3D printing, where completely different parts or products are designed by taking into 

account the possibilities offered by 3D printing. 

These different applications have emerged sequentially, with as driving change mechanisms both 

technological developments in the performance of 3D printers and innovative use by customers, 

to form phases in the industry: until 2000 (rapid prototyping), from 2000 to 2010 (direct 

manufacturing) and from 2010 (product innovation). For firms to effectively use 3D printing in 

these different phases, different requirements were placed on the technology and surrounding 

service, for example in the demands on performance of the systems and the information and advice 

needed for firms to understand new design rules. 

These changing requirements caused a shift in the bottleneck of the industry from the focal firm 

(to provide functional equipment for rapid prototyping) to components (to make 3D printing 

perform well enough to replace traditional manufacturing technologies) and later to complements 

(to help customers exploit 3D printing possibilities to the fullest). This caused innovative activity 

in 3D printing to move away from the focal firm towards supplier firms and research institutes, 

and later the emergence and coupling of complement-producing firms with the 3D printing 

industry. 
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The 3D printing OEMs responded to these changes in the industry in different ways, shown by 

different patterns in vertical integration. These patterns differ in backward vertical integration as 

the bottleneck shifted towards components, meaning that these firms could either focus more on 

technological development themselves or completely outsource their own manufacturing 

activities. As the bottleneck shifted towards complements, however, all three firms showed a 

similar pattern of forward vertical integration, meaning that they all moved into the complementor 

space. All patterns seem to be successful so far. 

Taken together, these results show a development in which the ecosystem and focal firms perform 

different functions in different phases in time, changing from a technology-providing ecosystem 

in which the OEM is the sole technology-provider, to an enabling ecosystem in which the focal 

firm is a product provider, to finally an empowering ecosystem, in which the focal firm is an 

integrated solutions provider. 

These results contribute to existing literature in a number of ways. Firstly, it adds a time dimension 

to the previously static literature on innovative ecosystems, and an explanation of industry 

development with demand, as opposed to technological development, as a central driver of 

industry evolution. Secondly, relating to sectoral patterns of innovation, it shows a case of 

emergence and persistence of fundamentally different strategies of technology-producing firms in 

a common industry, leading up to a similar positioning towards customers. 

The results have managerial implications, mainly relating to how firms can deal with emerging 

ecosystems around their technology. Firstly, they show how the dependence on performance in 

different parts in the ecosystem emerges asymmetrically, a development which firms should 

anticipate. Secondly, the results show a case in which success in a high-tech industry is not 

necessarily dependent on the technology-related capabilities of the manufacturing firm, but rather 

on its ability to effectively supply its customers with an integrated solution. 
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1 Introduction   
How does a good idea become a successful technology? This thesis investigates the process of 

how an industry forms around a technological invention and what inventor firms can do to become 

and stay successful in a new market. 

Understanding how new technologies change and create entire industries has intrigued researchers 

for a long time (e.g. Cooper & Schendel, 1973; Teece, 1996; Malerba, 2007). The process of how 

new or innovating firms turn a new technology into a successful industry remains an important 

research topic, both for theorists and practitioners. This thesis seeks to shed light on one 

particularly under-studied part of this process, that of industry emergence (Forbes & Kirsch, 2011).  

This stage of industry development is essential to understand both from the perspective of 

policymakers seeking to support new industries and for the firms seeking to make their innovation 

a success. The development phase of industries is influenced by a number of uncertain factors, that 

include the performance of the technology itself (both in general and compared to rivaling 

alternatives), the market for current and potential future applications and boundaries of firms 

(Santos & Eisenhardt, 2009; Baldwin, 2008). The formation of an industry is a process of 

structuring and organizing, where relations and definitions of the new industry get locked into 

place. Perhaps the most important structuring phenomenon in developing industries is the 

formation of a network of firms providing and extracting value around a central technological 

innovation, a so-called business or innovative ecosystem (Moore, 1993; Adner, 2006; Adner & 

Kapoor, 2010). 

The existence and performance of an ecosystem is crucial especially in the development phase of 

an industry, for multiple reasons. The performance of ecosystems are crucial in determining 

success or failure of a technology, far beyond the influence of the focal firm (e.g. Adner & Kapoor, 

2015). Not only that, the structure of an ecosystem largely determines the role firms play and thus 

the value these firms will be able to extract from the ecosystem (Teece, 1986; Jacobides et al., 

2006). An appreciation of this makes the time of uncertainty and emergence in ecosystems 

important for focal firms to lay out the lines (Santos & Eisenhardt, 2009; Cusumano & Gawer, 

2002). 
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The specific value of the ecosystem framework (Adner, 2006; Adner & Kapoor, 2010) as a way 

to analyze industry structure lies in understanding the difference between the value as produced 

and value as-perceived. Value as-produced is generated by the focal firm integrating upstream 

innovations produced by components, whereas value as-perceived by their customers depends on 

complementing innovations external to the focal firm. Central in the framework is how the focal 

firm can control the various ecosystem elements. As such, it is an essential tool in understanding 

the coordination relationships between technology-producing firms, their ecosystem elements and 

customers who adopt the complete innovation. 

Understanding the emergence of an innovative ecosystem and its structure, then, requires firstly 

an understanding of the location of value within the ecosystem as the industry develops, along 

with the development of technology and applications. Secondly, the dynamic relationship between 

the technology-producing firm (or original equipment manufacturers (OEMs)) and the other 

ecosystem elements should be explored. 

To this end, this thesis seeks to answer the following research question: 

How do OEMs strategically (re)position themselves in an ecosystem as it emerges over time? 

This research question is answered through a theory-building case study, that consists of two parts, 

a proposed theoretical model and an exploration of this model in an emerging industry, that of 3D 

printing. These two parts were developed in parallel, but are presented in the customary order of 

theoretical development first and empirical results afterwards. 

The theoretical model provides a conceptual explanation of the process of ecosystem emergence. 

This model takes different modes of application of a technology as a central point, recognizing 

that the value of an innovation lies in its applicability in a market rather than in its technological 

performance, and that an innovation can move through different modes of application over time, 

from niche to mainstream and ultimately to become a driver of value. 

The model proposes that these different applications bring about different needs for the industry 

to meet, for example an increasing focus on cost efficiency if the product is to enter mainstream 

markets (e.g. Christensen, 1997; Adner & Levinthal, 2002). This shift in needs, and a resulting 

bottleneck change in the industry, focuses the industry as a whole to solve specific sets of 

problems, leading to an industrial development and thus ecosystem emergence in phases.  
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The specific process of ecosystem emergence within these phases, then, is caused by the shift in 

the bottleneck. In general, the location of the bottleneck and thereby the locus of value in the 

ecosystem shapes the emergence of the different parts of the ecosystem. Newly arising 

coordination issues for focal firms cause them to change their strategy towards the ecosystem over 

time. 

This proposed model is explored through a case study in the context of the 3D printing industry 

(Yin, 2013). The 3D printing industry (the popular name for additive manufacturing) is an industry 

that emerged in the 1980’s in the US and Japan, based on a recombinant innovation of computer 

steering and phase changing of polymer plastics. A 3D printer selectively binds, fuses or solidifies 

a source material directly into place based on a digital input model, to create a physical model. 

Different technological alternatives have emerged over time around the world, but the most 

important characteristic they share is that they allow for a way to manufacture that bypasses 

traditional, subtractive, manufacturing processes. The technology was initially used for the niche 

application of prototyping for manufacturing firms, but has over the years developed to be used to 

selectively replace traditional manufacturing techniques and is recently even being used as a 

central tool in product innovation. The industry has from its inception been dominated by three 

firms (two from the US and one from Germany), each employing a different technology, which 

themselves have changed their role from pure technology provider to integrated solutions 

providers, now offering consultancy and parts services next to the machines themselves.  

3D printing is an ideal research setting for a study on emerging ecosystems, for several reasons. 

Firstly, the technology has been used for very diverse applications for very large customer firms, 

with clear advantages and limitations in the technology. This provides a clear view on the 

relationship between the mode of application and the requirements set on the technology-providing 

industry. Secondly, the industry was started by de novo entrants, firms that provided the entire 

system themselves without any formal relationships with other ecosystem elements. As a result, 

the emergence of the ecosystem can be traced around these firms and the relationships between 

the different elements. Finally, the industry is dominated by a small number of firms, which 

consequently have had a lot of power in shaping the industry and have a well-documented history. 

The study takes the form of a longitudinal, embedded case study, focusing on the largest three 

firms within the 3D printing industry from 1985 to 2014 (Yin, 2013). It relies on a variety of data 



9 
 

sources including patents, annual reports, industry journals and product descriptions to track the 

development of the ecosystem and the strategy of the firms over time. 

In the 3D printing industry, different application possibilities have given rise to new phases in the 

industry, triggered mostly by technological developments. With firms using the technology as a 

more central tool in their product development process, new bottlenecks appeared for the industry 

to solve. 3D printing as a niche application mainly required a safe and reliable machine without 

far-reaching performance requirements. As it became used as an alternative for traditional 

manufacturing processes in the second phase, more emphasis was placed on the technological 

performance (e.g. in terms of speed and build size) of the machine and the integration possibilities 

in manufacturing chains. In the third phase, firms started to look for innovation possibilities based 

on opportunities provided by 3D printing, and a new bottleneck emerged in complementary 

developments, such as innovation in design software and knowledge about part profiles. 

These changing bottlenecks are related to specific ecosystem elements – technological 

performance lies in component innovation and complementary developments in complement 

innovation, and innovation in the 3D printing industry changed, from the central firms to 

ecosystem components and later complementors. The OEMs themselves were faced with new 

challenges, both in changing demands on their own products and in the form of coordination risks 

within their new ecosystem. Interestingly, they acted upon these challenges in different ways. As 

a result of the increasing focus on technological performance, they chose either to heavily invest 

in component innovation themselves (backward vertical integration), taking a role as (re)seller of 

elsewhere produced technology (backward vertical disintegration), or to consolidate the position 

in the existing niche market. As a result of the shift in importance towards complements, however, 

all three firms chose to expand their boundaries towards the complementor space (forward vertical 

integration), ultimately resulting in a role of the focal firms as integrated solutions providers. 

These results help understand the role of innovation applications as a main driver of ecosystem 

emergence and the development of an industry as a whole. Further, they indicate the notion of a 

phased development of an innovative ecosystem, in line with descriptions of the evolution of 

business ecosystems (Moore, 1993) and technological platforms (Thomas & Autio, 2013). The 

results add to this extant understanding the relationship between the ecosystem and its market 

context as a driver of development. 
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In terms of managerial implications, the results emphasize the importance for technology-

producing firms to recognize their dependence on external firms, especially as they seek to enter 

new markets with their products. More counter-intuitively, the results also show that a focal firm 

does not necessarily require the technological capabilities to remain successful as a central player 

in a high-tech industry, even when the industry demands increasing technological performance. 

This thesis is structured as follows: The following part reviews the literature on industry 

development and innovative ecosystems and describes the proposed model for ecosystem 

emergence. The methods section describes the research setting and setup, including the data 

sources and methods of analysis. The subsequent section describes the context of the case study, 

explaining the different facets of the 3D printing industry and empirical results, covering the set 

of propositions in this industry, resulting in a more complete model describing the phased 

development of ecosystem emergence and bridging the gained insights with the development of 

an industry as a whole. The discussion section, then, describes theoretical and managerial 

implications of the results and describes the study’s limitations and opportunities of further 

research.  
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2 Theory 

2.1 Literature review 
The idea of breakthrough innovation (also described as radical innovation or disruptive innovation) 

as drivers of industrial change has been ascribed back to Schumpeterian economics. Breakthrough 

innovations have given rise to completely new industries (e.g. the automotive industry), radically 

changed industries and their architecture (e.g. the shift from fixed telephone lines to mobile 

communication), and even substituted existing industries and their leading firms (e.g. the 

replacement of analog cameras by digital cameras). 

Research on radical innovation and industrial evolution has been done on different levels (see, for 

an overview, Malerba, 2007). These range from very broad models on socio-technical regimes and 

Kondratiev waves (Perez, 2010) to within-firm processes to explain the dynamics of how new 

technologies find a place in existing industries with incumbent firms (e.g. Christensen, 1997; 

Tripsas & Gavetti, 2000). 

Of special interest here is the emergence of new industries, the process by which a breakthrough 

innovation, is commercialized and finds its way to adoption in (mainstream) markets, and some 

structure emerges within involved firms, on both the supply and demand side.  

An emerging industry in this thesis is defined as follows. An industry is considered a set of firms 

producing closely-substitutable products (Porter, 1980). The emergent phase can be considered the 

period from inception to maturity (Klepper & Graddy, 1990). Note that the point of maturity is not 

clearly defined in the literature (Forbes & Kirsch., 2011), as the emergence phase can have varying 

length across industries (and some industries do not even survive to maturity), and the end of the 

emergence phase can also be described as the point of stability or legitimacy (Aldrich & Fiol, 

1994; Zucker, 1983). 

In emerging industries, a number of dynamics influence the industrial structure as an outcome. 

The most commonly studied dynamic is that of entry and (rivaling) technological alternatives. 

Especially firm entry timing (e.g. Afuah, 2004; Dowell & Swaminathan, 2006) and entry choice 

(e.g. Utterback & Suarez, 1993; Eggers, 2014) have received attention. Models building on these 

studies emphasize that consolidation and maturity in emerging industries can be traced to the 

emergence of one dominant design out of a number of competing alternatives (Suarez & Utterback, 

1995; Anderson & Tushman, 1990), after which typically a shakeout occurs and innovative activity 
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moves more from radical to incremental (Dosi, 1982) or from product to process innovation 

(Klepper, 1996). Factors that guide this process and firm success in emerging industries are, among 

others, network effects (Arthur, 1989; Katz & Shapiro, 1985), learning (Levitt & March, 1988) 

and scalability (Klepper, 1996). 

Besides convergence and development of their core technology, emerging industries are subject to 

more dynamics that are increasingly gaining attention. Among these are the unstructured settings 

and ambiguity on the side of markets (Santos & Eisenhardt, 2009), the formation of organizational 

routines within firms that affect the long-term structure of the industry (Adrich & Ruef, 2006), and 

business ecosystems (Moore, 1993; Iansiti & Levien, 2004; Adner, 2006). 

Most research on industrial development, at least in the context of industrial lifecycles is based on 

an underlying assumption of constant and homogeneous applications and markets of technologies. 

This leads to an understanding of dominant designs as those that are best fit for scalability for a 

general industry, Another assumption in work on strategy in developing industries is that 

improvements in technology automatically lead to improvements in value for customers and 

adoption (Adner, 2004). These assumptions have allowed for very useful theory on which 

(technological) factors determine firm success in industries and an understanding of general 

behavior of firms in these industries, supported by empirical results through econometric research. 

However, these works lack an appreciation of complex dynamics, for example between technology 

suppliers and demand and industry networks (Malerba, 2007; Adner, 2004). This leads to a 

mismatch with understanding of emergence of industries, which are characterized by uncertainty 

in different dimensions such as technological performance, industry structure and firm boundaries. 

This complexity is one of the main reasons why emerging industries are understudied (Forbes & 

Kirsch, 2011). 

It is in the areas of producing firms’ behavior, especially the interaction with demand, that theory 

on emerging industries and industrial change needs most work (Forbes & Kirsch., 2011; Malerba, 

2007). Forbes & Kirsch (2011) in particular note that qualitative, theory-building research is 

needed in the timespan from foundation to maturity of emerging industries, as opposed to research 

on dynamics that span complete industry lifecycles or only the time leading up to the foundation 

of a new industry. These authors call for research that goes beyond entry-behavior-exit studies and 
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analyze data from various other sources to understand the dynamics surrounding industry 

emergence (p595). 

Research fields taking into account both internal dynamics of industries (e.g. how do industry 

structures emerge and how do technologies become usable products or services), and external 

dynamics (e.g. what hinders or drives adoption and in what types of markets) could deliver answers 

to this theoretical problem.  

One field of research that is gaining popularity along those lines is that describing industry 

networks as ecosystems. The term, originally coined by Moore (1993) as business ecosystems, is 

used to explain the analogies between industry networks and biological ecosystems. Such 

analogies lie for example in their ongoing developments and lifecycle and the dependence of any 

firm within the industry on the health of the ecosystem as a whole. This line of research has seen 

many developments over time, including the work of Iansiti & Levien (2004), who described the 

different roles firms can play in their ecosystem, and Adner & Kapoor (e.g. Adner, 2006, Adner 

& Kapoor, 2010; Kapoor, 2013), who described innovative ecosystems and the dependency of 

focal firms’ success on activities in other parts of the ecosystem, in an externalities-based view. 

It is the main idea behind ecosystem thinking, that technological performance alone is not 

sufficient for firm success, that makes the ecosystem framework so useful for explaining the 

dynamics of emerging industries. In emerging industries, the new technology itself is rarely so 

superior that it displaces an entire industry. Rather, as observed for example by Christensen (1997) 

in his work describing breakthrough innovations, a technology is usually not readily useful for 

customer firms to adopt as it does not provide short-term benefits. Adner & Kapoor (2015) 

explicated the importance of ecosystems in such technology displacement processes and suggested 

that technology S-curves are rather competitions between technology ecosystems.  

Innovative ecosystems can be crucial for the success of the technology around which they are 

centered. This has been demonstrated in case studies where innovations did or did not take off as 

a result of their ecosystem conditions (Adner, 2012), such as the non-adoption of Michelin’s flat-

run tires by intermediaries in the value chain, and Amazon’s successful strategy of involving 

publishers when launching an e-reader. 
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The ecosystem framework as used by these authors works with a static view in time, in the sense 

that for each technology, some ecosystem exists and that the structure of this ecosystem leads to 

challenges and best-practices for focal firms. This assumption makes the framework at present 

particularly helpful in its potential for mapping purposes, be it in the (mis)alignment of incentives, 

bottlenecks in upstream production or interdependencies between actors. Another main 

assumption of the ecosystem framework of Adner & Kapoor is that it assumes ecosystem functions 

to be fulfilled by external technology-producing or service-providing firms, with the focal firm 

solely in the position of assembly of component innovations and incapable of producing 

complements. Again, this is an assumption that makes firm strategy analysis easier, as it allows 

for evaluation of relationships and incentives of firms in an industry. These assumptions lead to a 

problem, however, if one tries to understand the dynamics of innovative ecosystems. Especially in 

the case of radical innovations with new applications, ecosystems are not formed yet and firm 

boundaries and relations are still to be determined. 

A large gap in the literature is knowledge on how ecosystems themselves are created (Thomas & 

Autio, 2012). This phenomenon is crucial for the study on emerging industries, as innovative firms 

are dependent on the existence of a functioning ecosystem and have much to gain by ensuring a 

long-term favorable role within their new ecosystem (Iansiti & Levien, 2004). This agency-

perspective is especially interesting here, as it has been shown that (focal) firms have considerable 

power in shaping a new industrial environment (e.g. Santos & Eisenhardt, 2009; Gawer & 

Cusumano, 2008). One notable work on the emergence of ecosystems comes from Thomas & 

Autio (2013), who takes an institutional approach to ecosystems and focuses on the internal 

activities of platform leaders as they attract and govern surrounding actors. His main finding is 

that ecosystems emerge in distinct phases, characterized by different actions from the central firms. 

However, this work focuses on ecosystems as digital platforms (following Cusumano & Gawer, 

2002) and does not focus on demand-side dynamics. Therefore, in the context of industry creation, 

there is still a gap in understanding ecosystem emergence in developing industries in combination 

with (changes in) firm strategy. 

To this end, the thesis tries to answer the following research question: 

How do OEMs strategically (re)position themselves in an ecosystem as it emerges over time? 
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To answer this question, I need to go one step deeper into the ecosystem framework, to understand 

the dynamics in innovative ecosystems and the implications for firms in new industries. I then use 

this knowledge to propose a theoretical model that connects these key drivers to phases of 

industrial emergence, to be explored in a case study. 

Ecosystem structures and firm strategies 

This thesis uses the definition of innovative ecosystems, proposed by Adner (2006). In this model, 

a focal firm produces an innovation, usually a product based on a new technology, which it 

attempts to sell to a certain market. On the upstream side of the focal firm, there are its components, 

which are its suppliers. For their innovations, focal firms are dependent on components, for 

example for parts or subassemblies. One example is that a producer of a new type of aircraft (the 

focal firm) is dependent on producers of jet engines (components) that fit the aircraft. On the 

downstream side of the focal firm, there are complements. Complements are neither suppliers nor 

customers of the focal firm, but produce innovations which enhance the value of the focal firms’ 

innovation. An example is that a producer of HD tv sets (the focal firm) is dependent on the 

television and cinema industries (complements) to produce content that give the HD tv set its 

value. Note that in Adner’s (2006) model, complements are usually other firms, but complement 

functions can also take other forms, such as regulation or standard-setting (Teece, 2007). Adner & 

Kapoor (2010) have found a relation between the location of innovation challenges in the 

ecosystem (i.e. in components or complements) and the performance of the focal firm, which has 

to do with opportunities for control. Specifically, component innovation challenges have a positive 

effect on the focal firm’s performance, complement challenges a negative effect. 
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Figure 1: Stylized overview of an innovative ecosystem. Source: Adner & Kapoor (2010) 

A way to decompose focal firms’ innovation strategy in ecosystems is through the management of 

three different types of risks (Adner, 2006). The first is the execution risk, concerning the 

performance of the innovation produced by and mostly within the focal firm. The second is the co-

innovation risk. This describes the dependence of the performance of the focal firm’s innovation 

on complementary innovations, produced or enabled by third parties. The third type of risk is the 

co-adoption risk. This risk concerns the (downstream) value chain of the focal firm’s innovation 

and the incentives of the actors in this chain. All three types of risk have to be taken into account 

by innovative firms, but the severity might vary per industry, as well as the possibilities for focal 

firms to act upon them.  
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Figure 2: Risk types in innovative ecosystems. Source: Adner (2006)  

The ecosystem framework suggests that focal firms might take different roles in their ecosystem. 

The theoretical model of Iansiti & Levien (2004) suggests three distinct roles for firms in their 

ecosystem. These are keystones, firms that focus on improving the overall ecosystem health, by 

providing stability and efficiency for their ecosystem. The second is the dominator firm, set on 

extracting the most value from the ecosystem, ultimately absorbing its surroundings. The niche 

firm, finally, takes on a specific and indispensable role by which it creates value for the ecosystem. 

The authors recognize that the optimal strategy is dependent on the characteristics of the 

ecosystem, specifically on the complexity of the relations and the level of turbulence and 

innovation in the ecosystem.  

A related stream of ecosystem literature considers technology ecosystems (Cusumano & Gawer, 

2002; Gawer & Cusumano, 2008; see Thomas & Autio, 2012, for a review of the different streams 

of ecosystem literature). The main contribution of this field is to explain how firms can manage 

technology platforms. For example, Google, which started out as a search engine company, got to 

its current position by systematically expanding into related platforms (e.g. a web-browser and 

operating system), based on its advertisement capabilities. 

As an industry develops over time and technology, applications, markets and boundaries become 

more clearly defined, there might be changing directions in any of these dimensions. For example, 

a technology might gradually improve and become useful in different markets over time (Adner 

& Levinthal, 2002; Christensen, 1997). Existing market needs might change as customer industries 

reform themselves around new technologies (Perez, 2004). Or the way customer firms use a 
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technology might intensify and demand a broadening of these firms’ capabilities (Granstrand et 

al., 1997; Brusoni et al., 2001). Such changes in the nature of a technology over time might cause 

a change in the locus of innovation away from firms that originally produced the innovation, in a 

pattern of specialization (Arora & Gambardella, 1994). 

Such changes might call for different ecosystem structures and functions and lead focal firms in 

these industries to adopt different strategies for managing these ecosystems. In other words, there 

is a change in the way firms (together as an ecosystem) collectively create value (Adner & Kapoor, 

2010), which might lead to a change in the way focal firms try to extract value (Pisano & Teece, 

2007; Iansiti & Levien, 2004).  

Having described the building blocks of ecosystem framework and the connection to industry 

emergence, I now continue by proposing a model of how ecosystems emerge over time within 

developing industries. This model attempts to connect innovation and industry development, 

ecosystem emergence and firm strategy. 

2.2 Theory development: a model for ecosystem emergence in developing 

industries 
The model I propose attempts to the bridge the theoretical gap that exists between innovation, the 

commercialization of an invention and consequently the founding of an industry, and the 

emergence of an ecosystem with a certain structure and certain boundaries. In contrast to the 

current technology-based approach, I propose a model that starts from the demand side in 

explaining industry dynamics. 

The model is based around three main propositions that link applications to ecosystem emergence 

and firm strategy over time. The model is firstly shortly summarized as a whole, including 

illustrations, for clarity. Afterwards, the three propositions are discussed in more detail. 

I expect ecosystem emergence to occur in phases, each guided by the main mode of application 

for the technology at that point in time. With mode of application I mean the position the 

innovation takes for user industries in terms of importance and the centrality of the technology in 

the user (firm)’s activities. In this model I identify three modes of application – and thus phases: 

that of a niche application, a mainstream application and finally the technology as a main driver 

of value. In these different phases, the mode of application places a certain demand on the 

technology-providing industry, such as technological improvements in a certain dimension or 
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compatibility with other processes. A shift in mode of application thus means a shift in the main 

bottleneck in the industry. Technological performance becomes more important as the mode of 

application becomes more mainstream, and ways to enhance the value of the innovation become 

more important as it becomes a main driver of value. This corresponds with the ecosystem 

elements of innovation in components for technological performance and complements for 

compatibility. This change in ecosystem bottleneck provides an opportunity for ecosystem 

elements to emerge or grow in importance, and thus shapes the ecosystem. Focal firms, then, 

change their strategy to minimize coordination risks and extract the most value as possible from 

their ecosystem, through vertical integration. Towards components, they have the option of either 

vertical integration or disintegration, that is intensifying or releasing control of production; towards 

complements they are expected to attempt to engage in vertical integration. 

This process is graphically represented in the following three diagrams. 
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Figure 3: Stylized version of an innovative ecosystem in phases over time, including bottleneck location, emergence and vertical 
integration possibilities: Phase 1. Adapted from Adner & Kapoor (2010) 

 

Figure 4: Stylized version of an innovative ecosystem in phases over time, including bottleneck location, emergence and vertical 
integration possibilities: Phase 2. Adapted from Adner & Kapoor (2010) 

 

Figure 5: Stylized version of an innovative ecosystem in phases over time, including bottleneck location, emergence and vertical 
integration possibilities: Phase 3. Adapted from Adner & Kapoor (2010)  
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1. Modes of application, changing needs and developments in phases 

As mentioned before, the central point of this model is the application of an innovation. This 

starting point is based on the appreciation of different uses or markets for a single technology 

(Christensen, 1997; Adner & Levinthal, 2002) and, related, the difference between value as-

perceived by customers and as-produced by firms (Adner & Kapoor, 2010). The main point is that 

a different market or application for a technology means that the value of this technology will be 

evaluated on different bases. At the same time, the application possibilities of a certain technology 

are generally dependent on improvements in the core technology itself, which can manifest 

themselves as cost reductions or improvements in performance.  

One can thus expect, even within the development stage of the industry, to see an innovation move 

from one mode of application to another. As a result of these new applications and new criteria set 

on the technology, one could expect to see a set of boundaries for each application, creating 

different phases with different solutions to be solved for firms in the industry to be successful. This 

idea is closely related to the idea of technological trajectories as phases, which refers to a shared 

understanding of ‘what a firm needs to be doing to operate effectively in that regime’ (Nelson, 

1995, p. 79; see also Dosi, 1982) 

I distinguish three different phases of development, linked to three modes of application. The first 

is a niche application, in which the technology has an added value but only for very specific 

applications and a small market potential. The second is a mainstream use of the technology, in 

which it is able to compete with or replace existing technologies in the customer’s activities. In a 

final mode of application the technology is used as a main driver of value, around which the 

customer focuses its activities or capabilities. Examples of technologies that have successfully 

traversed these three stages are for example (gasoline) cars, computers and mobile phones. 

Examples of technologies that have so far remained stuck at niche applications are domotics and 

electric vehicles.  

In sum, I propose as follows: 

Proposition 1: Changing modes of application for innovations bring about changing needs for 

technology suppliers in distinct phases. 

2. Changing needs, industry bottlenecks and ecosystem emergence 
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How, then, are these changing needs or criteria related with the emergence of ecosystems? I expect 

the answer lies in a shifting location of the bottleneck in the industry. For now I assume that, in 

most new industries, a number of entrant firms provide the technology as an integrated whole. As 

the technology’s mode of application moves from niche to mainstream, I expect more focus to lie 

on technological performance. The technology now has to perform well enough to replace existing 

practices if mainstream markets are to adopt them. This places the bottleneck in the innovation on 

the component side of the ecosystem. I expect the component side of the ecosystem to take a 

structured form at this point, as there is value in solving this bottleneck. As the technology becomes 

a central driver of value, the bottleneck becomes finding a way to maximize the value that lies in 

the use of the technology. I expect the solution for this challenge to lie in complementary products 

and services, which is the other side of the innovative ecosystem. Similarly to components, I expect 

here that the complement side of the ecosystem emerges. Emergence of the ecosystem here is to 

be interpreted as that either new firms emerge that provide the product or service around the focal 

firm’s innovation, or that firms that already do enter a more formalized coupling with the focal 

firm. 

In sum, I propose: 

Proposition 2: Changing needs in developing industries give rise to innovation bottlenecks in 

different parts of the ecosystem and thus shape ecosystem emergence. 

3. Changing bottlenecks, ecosystem emergence and firm strategy 

The final part of the model bridges the shifting bottlenecks in developing industries and the 

resulting ecosystem emergence to the role of the focal firm. An explanation of this dynamic can 

be sought in two directions, ecosystem risk and ways to appropriate value.  

As described before, focal firms face different sources of risk – initiative, interdependence and 

integration – in coordinating their ecosystems’ incentives and performance. These risk profiles 

change over time, as a technology develops towards maturity. 

Value appropriation has been identified by Thomas & Autio (2012) as one of the main drivers in 

ecosystem management. An important question in (changing) industry architecture is how to 

extract value from innovations as the innovating firm itself when surrounded by other industry 

participants (Teece, 1986), a question more practically posed as ‘who does what and who keeps 



23 
 

what’ (Jacobides et al, 2006, p. 1211). This is an especially important question in emerging 

industries, when firm boundaries are not yet clear (Santos & Eisenhardt, 2009). When value 

creation moves away from the activities of the focal firm, then, one could expect firms to attempt 

to expand their boundaries insofar they can extract more value from and exert more control over 

the industry, in the form of vertical integration (Armour & Teece, 1980; Monteverde & Teece, 

1982; Pisano; 1991) 

I expect firms to adapt their strategy to each phase, along these two lines. As technological 

performance becomes more important and the bottleneck shifts to the component side of the 

ecosystem, some innovation tasks move away from the main firm. Focal firms can be expected to 

choose whether to take up this role of component innovation themselves or in collaboration with 

supplier firms (backward vertical integration), or conversely to release control of production 

(backward vertical disintegration), based on the firms’ technological capabilities and chosen 

strategy. Vertical integration towards components can be a way for focal firms to manage 

technological transitions, but this production integration can be in part substituted by extending 

knowledge boundaries (Kapoor & Adner, 2012). In short, firms become subject to a make-or-buy 

decision (Harrigan, 1985). 

In the final phase, as the bottleneck changes towards the complement side of the ecosystem, I 

expect firms to attempt to move into the complement space (a form of forward vertical integration). 

One reason for this is the alignment of complements and focal innovation, in other words to ensure 

the value of the ‘package deal’. Another is the source of value that moves away from the focal 

innovation towards the complement side. 

In sum, I propose: 

Proposition 3: Changes in bottleneck locations in emerging innovative ecosystems provide 

opportunities for focal firms to expand their boundaries. 

These three propositions are used as guidelines to explore the process of ecosystem emergence in 

the 3D printing industry. The research setting and design are further explicated in the following 

section. 
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3 Methodology 

3.1 Research setting 
3D printing is a technology that emerged in the 1980’s in the US and Japan, based on automating 

a plastics-shaping technology to construct objects in layers. It was originally used as a plastics 

prototyping and tool-making alternative for manufacturing firms in industries such as the 

automotive and aerospace industries. Over the years the applications have been extended to the 

direct manufacturing of end-use parts in these same industries, including metal parts. 

3D printing is an example of an innovation that has given rise to a new industry with a new 

ecosystem. The innovation was the use of using computer steering to automate plastics shaping. 

The ecosystem of 3D printing includes the firms that produce the machines, firms that provide 

complementing products or services such as 3D scanning or software tools, customers and 

institutes that perform research on the technology and its applications. 

The fact that 3D printing was developed to serve the manufacturing sector makes it interesting for 

study. The manufacturing sector consists of mature industries (take for example the automotive 

industry). 3D printing original equipment manufacturers (OEMs) have had to find a way to make 

their manufacturing tools attractive for a market with strong drivers of efficiency and scalability. 

This purpose of use in manufacturing firms has been clear from the beginning, but the exact 

application possibilities of 3D printing, and its limitations, have become clear only over time.  

Another interesting point about the 3D printing industry is that it includes a number of different 

technologies – the ASTM standardization committee recognizes seven (ASTM, 2012). These were 

developed more or less in parallel and each has its advantages and limitations. This dynamic allows 

for analyzing the technological aspect of the innovation and the effects it has had on the 

development of the industry. 

Lastly, the 3D printing industry is very suitable for studying the strategy of focal firms in emerging 

ecosystems because of the demographics of the firms in the industry. The 3D printing industry has 

been dominated from the start by three large OEMs, which were de novo entrants and as such had 

no prior (formal) network or additional capabilities. This leads to transparent observations of the 

activity of focal firms in emerging industries in general by looking at the behavior of these firms. 
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This study focuses in particular on the largest three firms in the industry: 3D Systems, Stratasys 

(both US) and EOS (Germany). In the entire period from 1988 (the year of the first machine sale 

by 3D Systems) to the present, 67 firms have been recognized as active as OEMs (Wohlers, 2013, 

2015), but the large majority has had little commercial impact. 3D Systems, Stratasys and EOS 

have been active since 1988, 1991 and 1994, respectively (their first years of sales). Thus, the 3D 

printing industry is a setting in which the process of interest is ‘transparently observable’ 

(Pettigrew, 1990). 

3.2 Research setup 
The goal of this study is to explore the role of OEMs in emerging industries, and specifically the 

strategic behavior towards and within ecosystems over time. To this end, this study uses a single 

longitudinal embedded case study approach (Yin, 2013; Pettigrew, 1990). It analyzes the 3D 

printing industry from its origins (1985) to the present (2014). 

The choice for this type of study is closely related to the goal of the thesis as it attempts to bridge 

a theoretical gap. The thesis responds to a call on qualitative, theory-building research on processes 

in the development phase on industries (Forbes & Kirsch, 2011). This theory-building research is 

typically suitable for the case study approach (Eisenhardt, 1989). Specifically, case study research 

which ‘focuses on understanding the dynamics present within single settings’ (Eisenhardt, 1989, 

p. 534). 

Within the range of case study designs, this thesis opts for an embedded structure with two levels 

of analysis, firms and industry (Yin, 2013). On the industry level, it tries to analyze 3D printing as 

a manufacturing technology as a whole and the way customer industries use it. Further, it tries to 

understand the size of the industry, both in absolute terms as in the variety of products and services 

that make up the industry at different points in time. On the firm level, it tries to understand the 

range of strategic options the OEMs with respect to choice of products and services to offer and in 

their relationships with other industry participants, both with supplier firms and those that offer 

complementary products and services and with customers. 

3.3 Data sources 
This study uses a variety of data sources, for three main reasons.  
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The first is completeness: this case study tries to draw a complete picture of the 3D printing 

industry and thus covers technology aspects, financial and market information and strategy 

communications.  

The second reason, related to the first, is triangulation (Eisenhardt, 1989). The main sources of 

data are press releases and annual reports of the firms of study. These documents were written with 

the goal of (re)assuring shareholders and the public of the firm’s performance, and thus should be 

considered as such. Information provided by the firms is checked where possible against other data 

sources, both concerning factual information (e.g. do the firms provide complete information about 

their product portfolio?) and subjective issues (e.g. is the image of the firm as it describes itself 

shared by third parties?) 

The third reason relates back to the research setup and follows the argument of Forbes and Kirsch 

(2011): firm behavior in emerging industries should be studied in its historical context. An analysis 

of the firms’ investments and products over time, for example, would show the supply-side 

development of the industry and eventual changes in direction. However, this would not allow one 

to understand the dynamics between firm behavior and the industry, including the ecosystem and 

the customers. For example, the technology might become used dominantly in a different way or 

for a different purpose at a certain point in time, placing different needs on the technology and 

leading to changes in investment decisions and control strategies. To describe this, multiple data 

sources are needed, extending beyond the domain of the firms themselves. 

The data sources used in this study and the information collected from them are listed in the 

following table: 
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Data source Descriptives Main value Part of case study used for 
(research context and 
proposition) 

origin 

Annual reports 3D Systems: 1996-2014 
Stratasys: 1996-2014 
Total 3845 pages 

Main source for strategy 
descriptions, internal 
view 

RC; 1, 2, 3 Security and 
exchange committee 
(SEC) 

Press releases 3D Systems: 1991-2014;  
Stratasys: years 1999-2005 
and 2007-20141; 
EOS: 1997-2014 
Total 1709 documents, 
4254 pages 

Providing Details about 
specific firm behavior 
(e.g. acquisitions, 
expansion) 

RC; 1, 2, 3 Firm websites, web 
archives 

Product brochures 3D Systems: 52 documents 
Stratasys: 56 documents 
EOS: 20 documents 

Understanding 
development in 
products and intended 
use 

RC; 1, 2, 3 firm websites 

Financial 
information 

Industry report 2013 
(Wohlers); Thomson-
Reuters database 

General understanding 
of industry descriptives 

RC; 1 Wohlers (2013); 
Thomson-Reuters;  

Patents 4739 US patents (until 
10/2013), of relevant 
technological developments 
in the 3D printing industry 

Understanding the type, 
origin and relatedness 
of technological 
developments in 3D 
printing 

RC; 1 list provided by 
Castle Island, co. 
(2014), details 
collected via 
Espacenet, DII and 
PatStat 

Industry Journals Journal of Rapid 
Prototyping (1995-2014); 
International Journal of 
CAD/CAM (2001-2014); 
Journal of additive 
manufacturing (2014) 
Journal of 3D printing and 
additive manufacturing 
(2014) 

Industry overview, 
understanding of needs 
and industry trends 
over time 

RC; 1; 2 journals 

Others  Various, including news 
items, books on 3D printing 
and industry reports 

Understanding the 
historical context of 3D 
printing; third party 
view on state of the 
industry 

RC; 1, 2 various 

Table 1: Data sources for the 3D printing case study. 

3.4 Data analysis 
The data analysis stage of this case study was very iterative in nature, but can be generally 

described in two steps.  

The first step was an inductive coding procedure based mostly on the annual reports of the firms 

(and press release for EOS). In this step, (changing) statements were coded about product and 

service diversification, outsourcing activities, applications of 3D printing equipment and its 

customers and about technological and product development. Because of the vast amount of data, 

coding was not done exhaustively, but selectively along these early-emerging themes. The 

selection of these themes was based both on the availability of data (as these were secondary 

                                                           
1 Press releases were collected through internet archives. Unfortunately, records from Stratasys from 2006 were 
not accessible. 
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sources) and the generic topic of interest in the study (ecosystem evolution and strategy). As such, 

this step was an iterative combination of open and axial coding (Flick, 2013). 

This coded information was then combined with more general and objective industry-wide 

information, such as the emergence of new technologies, financial information and use cases of 

3D printing in firms. This led up to more aggregate findings such as generalized patterns of vertical 

integration. This was a sense-making process, which together with a literature review led up to the 

conceptual model described under section 2.2.  

The second step of analysis consisted of reconstructing the developments in the 3D printing 

industry. This was a process of selective coding through multiple data sources in parallel (e.g. 

industry journals, industry reports, firm documents), with the aim of finding and triangulating 

causal links, the ‘story of the case’ (Flick, 2013, p. 182). An example is the motivation for firms 

(not) to engage in horizontal differentiation.  

All coding was done by the author, with the help of QSR International’s NVivo 10 Software. 

3.5 Results structure 
The empirical analysis section of the study will be presented in two main parts. The first part 

explains the research context of the study, along four lines: 

1. Technological description (showing which technological alternatives exist, what they have 

in common and how they differ) 

2. Application descriptions (explaining the various application possibilities of 3D printing, 

and the relative advantage on which they are based) 

3. Ecosystem description (showing the major components and complements of 3D printing 

and how they relate to the core technology) 

4. Firm descriptions (providing a short description per firm of study, from entry to current 

practices) 

The purpose of this section is to explain the ‘building blocks’ of the results section, to explain the 

background of the technology, the way it is used and what firms are active in the industry.  

In the second part of the empirical analysis, this information will be used to analyze the proposed 

framework along the lines of the three propositions.  



29 
 

 

 

4 Empirical analysis 

4.1 Research context 
This subsection is meant to provide a context for the case study on the 3D printing industry. It is 

divided into four parts. The first part describes the different technologies of which the group of 

3D printing processes are made up, and explains the differences between the alternatives. The 

second part describes the typical application possibilities of 3D printing, with examples. The 

third part describes the potential ecosystem of 3D printing. The final part provides some 

background information about the three firms of study. The information provided in this section 

is used as building blocks of the analysis and will be referred to in the following subsection. 

4.1.1 3D printing technology 

When I previously mentioned 3D printing, I described a family of technologies that add layers of 

materials. For a good understanding of the dynamics of the industry, however, it is important to 

realize the differences between and characteristics of the different technological alternatives in the 

industry. This section will cover the most important 3D printing technologies and discuss the main 

differences. 

The American Society for Testing and Materials (ASTM, the standard-setting body in 3D printing) 

distinguishes seven types of 3D printing process (ASTM, 2012). Each will be described shortly, 

accompanied by the main technologies that employ these processes. As textual descriptions can 

be rather vague and most processes are rather intuitive when visualized, appendix A includes 

images of the different processes, to provide a clearer view of the differences. 

1. Material extrusion (first sold by Stratasys (US) in 1991) 

Extrusion-based systems form objects by forcing a flow of semi-solid plastic out of a moving 

nozzle, which then hardens in place to form a layer of material. It can be visualized as automated 

cake icing distribution with molten plastic (Gibson et al., 2010, p. 147). Thus, the machine uses 

temperature change to form the thermoplastic material. The main variants of this process are Fused 

Deposition Modeling (FDM) and Fused Filament Fabrication (FFF), with the main difference only 

in the size of the machine (FFF is the technology behind almost all of the desktop 3D printers). 
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2. Material jetting (first sold by Solidscape (US) in 1994) 

Material jetting uses print heads to place drops of material on a horizontal plane, thus determining 

which sections of that surface will contain the printed part and which are support material. These 

drops are then solidified, using either heat for thermoplastics or light for photosensitive material. 

The build platform is subsequently lowered to accommodate a new layer on top. This process is 

used to make plastic models using multi-jet modeling (MJM) or wax castings using thermojet 

technology.  

3. Binder jetting (first sold by Z-Corp (US) in 1996) 

With binder jetting, a print head moves over a layer of powder material, and in selected places 

releases an adhesive to bind the powder together in those places. Afterwards, the build platform is 

lowered and the process continues with a new layer of powder. This process can handle metals and 

composite materials. The corresponding technology is called Three-Dimensional printing (3DP).  

4. Sheet lamination (first sold by Helisys (US) in 1992) 

Sheet lamination creates parts from already solid material, which can be paper or PVC plastic. It 

places layers of pre-cut material on top of each other and binds these with some kind of adhesive. 

The standard technology for this process is called Laminated Object Manufacturing (LOM). A 

later derivative technology, called Ultrasonic Additive Manufacturing (UAM), uses ultrasonic 

waves to weld layers of metal together. 

5. Vat polymerization (first sold by 3D Systems (US) in 1988) 

In the vat polymerization process, a layer of photosensitive resin is selectively exposed to a light 

source, creating a solid layer of plastic. Afterwards, the layer is covered by a new surface of resin, 

to create the next layer of the part. The main technology using this process is Stereolithography 

(SLA), although more variants exist. These variants vary in the way light is exposed to the surface 

layer of material (Gibson et al., 2010). One notable example is Digital Light Processing (DLP), in 

which the entire layer is exposed at the same time, using mask projection. 

6. Powder bed fusion (first sold by DTM (US) in 1992) 

The process of powder bed fusion creates parts by using a laser to fuse in place selected parts of a 

surface of powder. New layers of powder are added to the surface by lowering the build platform. 
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Materials used are usually plastics (nylon) or metal. The different technologies using powder bed 

fusion are (Selective) Laser Sintering (SLS/LS), Direct Metal Laser Sintering (DMLS), (Selective) 

Laser Melting (SLM/LM) and Electron Beam Melting (EBM). These technologies vary in the type 

of laser used and the mechanism of fusion (Gibson et al., 2010). 

7. Directed energy deposition (first sold by Optomec (US) in 1998) 

Directed energy deposition technologies fuse metal powder material in place as it is being 

deposited. To this end, it uses focused thermal energy, usually a laser (Wohlers, 2013). Two 

notable example technologies are Laser Engineered Net Scaping (LENS), in which the build 

material is injected in a layer of molten material and is thus fixed in place, and Direct Metal 

Deposition (DMD) which uses a nozzle to melt powder in a melt pool (POM Group, n.d.) 

The different 3D printing technologies can be classified in different ways, according to the 

materials they use and the solidification process. One such classification, which shows the different 

3D printing technologies in a hierarchical format, is depicted in the following graph (note: see 

Kulkarni et al. (2000) for a different classification based on the mode of adhesion (chemical bonds, 

sintering or gluing). This hierarchy is also used in the next section to show a timeline of invention 

of 3D printing technologies and their distribution over the focal firms (see section 4.2.3). 

 

Figure 6: Classification of the seven main 3D printing processes. Adapted from Kruth (1991) 

While all of the abovementioned technologies achieve the same end result – a layer-wise 

constructed end part – they do so in different ways and result in parts with very different 
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characteristics. These differences lie in material characteristics, but also in the form stability, the 

strength, and accuracy. Following from this is that also the machines that use the different 

technologies vary in size, price and applicability for specific goals. See for an overview of the 

tradeoffs between the different technologies appendix B. 

Another important aspect of the different technologies is that they are not necessarily technically 

related. Technologies using the same process usually follow the same mechanisms, but knowledge 

about for example material extrusion can be completely irrelevant when trying to make (use of) 

for example a powder bed fusion machine.  

4.1.2 Application of 3D printing technology 

3D printing has been regarded as a revolutionary manufacturing technology and itself as a possible 

trigger for a next industrial revolution (see for example Hopkinson et al., 2006; Berman, 2012; 

D’Aveni, 2013). This section tries to explain what makes 3D printing such a revolutionary 

technology and in what way it can change current manufacturing processes.  

This section is divided into two parts. First, I try to trace the disruptive potential of 3D printing 

back to its nature, explaining which characteristics are new and what these mean for 

manufacturing. The second part looks more at the specific applications 3D printing is used for in 

companies. 

4.1.2.1 The disruptive nature and implications of 3D printing 

3D printing technology is defined as “the process of joining materials to make objects from 3D 

model data, usually layer upon layer, as opposed to subtractive manufacturing methodologies” 

(ASTM, 2012)2.  

The different 3D printing processes (ASTM recognizes seven distinct categories) share this in 

common and differ mainly in the material used to make these objects and the way this material is 

bonded together (see the previous section). 3D models that serve as input for 3D printing machines 

are generally constructed using computer-aided design (CAD) software. The final defining feature 

of 3D printing is that parts are built up in layers from a reservoir of material (in any form).  

                                                           
2 Note that this is actually the official definition of additive manufacturing. The definition of 3D printing is slightly 
different and aims at sub-group of additive manufacturing machines. However, 3D printing is the most popular 
term for the entire industry. 
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In the context of manufacturing, current production processes are usually subtractive in nature. 

This includes drilling, cutting or forging of material into usable end parts. The main difference 

between such material shaping processes and 3D printing is that a 3D printer essentially determines 

for every location in the three-dimensional space whether the part should be there or not, regardless 

of the complexity of the design. This can include for example hollow structures with other parts 

inside them or lattice structures, designs that would be very difficult to achieve with traditional 

manufacturing processes. 3D printing thus opens up new possibilities for manufacturing in two 

ways: by allowing for complex designs and by bypassing constraints entailed by necessary 

manufacturing steps. 

The main impact that 3D printing has on manufacturing can be described along those two lines: 

new manufacturing possibilities and new manufacturing considerations. Products and parts are 

usually built according to a set of design parameters that together fulfill requirements for form and 

function, and do this in a resource-efficient way, also taking into account the work required to 

shape the material in this way (Baldwin & Clark, 2000). With 3D printing, the limitations for 

design possibilities are shifted from those in the manufacturing process to those in the digital 

modeling process (constrained by the quality of the 3D printer, naturally). The second type of 

impact is that on manufacturing considerations. Not only does 3D printing remove some physical 

limitations of the design space, it also provides a different cost structure for these designs. For 

example, a design for a part that requires little material but is very difficult - and thus costly - to 

make might normally be rejected in favor of a design that requires more material but less tooling. 

With 3D printing, the tooling step is eliminated from the design process and such tradeoffs can be 

re-evaluated. 

These effects that 3D printing has on single product manufacturing can be extended to firm-wide 

manufacturing considerations and can even have higher-order implications for entire 

manufacturing industries. The most direct effect is that on effects of economies of scale and 

economies of scope. Scale effects (i.e. it becomes cheaper to produce a part if you make it in bulk) 

are now an important guideline for manufacturing firms as they are the main source of natural 

monopolies. 3D printing erodes this advantage by shifting the weight from fixed costs to variable 

costs in production. Similarly, by eliminating (often rigid) manufacturing processes, it becomes 

much cheaper and thus more attractive to produce variations on products and parts, creating 



34 
 

economies of scope effects. This, together with the increasing value of product design, could lead 

to manufacturing firms making a shift from ‘design for cost’ to ‘design for value’ processes. Also, 

it could lead to firms placing more emphasis on customization. 

On a higher level, the nature of 3D printing could affect entire industry structures. In a scenario of 

widespread adoption of 3D printing entry barriers erode, the value of existing manufacturing 

capabilities deteriorates and design optimization increases in value. This might change industry 

architectures, reforming them around those firms that design, and not necessarily make, the best 

products. A second change might occur in value chains. Specialized suppliers of parts or 

subassemblies might lose their value for their customers, not only because specialized parts might 

no longer be necessary but also because larger firms will be able to make them themselves. It is 

based on these ideas that claims are made about the revolutionary nature of 3D printing. For 

example, D’Aveni (2013) in the Harvard Business Review points at China possibly losing its role 

as ‘factory of the world’ as 3D printers replace production lines; Others (Hopkinson et al., 2006; 

Berman, 2012) name the disappearing scale effects and increasingly digitalized nature of 

manufacturing as the key triggers for the next industrial revolution. 

4.1.2.2 Specific applications of 3D printing 

This part focuses on 3D printing as it is being used in industries at the moment. It describes typical 

uses in manufacturing industries. This is the largest customer sector for 3D printing already since 

the beginning of the industry. Other sectors include the niche market of medical models and 

implants and the consumer segment, with (do-it-yourself kits for) desktop 3D printers (such as 

those of Ultimaker and Makerbot) and (web)shops offering small printed models (such as 

Shapeways and Materialise). 

In this section, the possible value of 3D printing for various manufacturing applications is 

described. As the different possibilities of 3D printing are widespread, so are the different ways in 

which firms can make use of the technology. The current dominant uses are shown below. 

1. Rapid prototyping (and rapid tooling) 

2. Direct part production for use in existing products 

3. Product innovation through 3D printing 
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1. Rapid prototyping: 

Using 3D printing as external support for operations, the manufacturing process is left as-is without 

the use of 3D printed parts, but support for the manufacturing function can be provided by 3D 

printed models. Two ways in which this can take form are by using 3D printing for prototyping or 

for tooling/casting. 

a. Prototyping: 

Using 3D printing for prototyping applications has been the first major focus of the industry (one 

of the earlier names for the technology was rapid prototyping). Using 3D printing for prototyping 

has several distinctive advantages. Firstly, using 3D printers, 3D models can be quickly and often 

relatively cheaply converted into physical models resembling the part to be produced, allowing for 

quick and detailed feedback. Moreover, different versions of a prototype can be easily made in 

parallel, and changes can be easily made, which may currently not be worth the time and money 

for firms. 

b. Rapid tooling and rapid casting: 

Another way in which costly or time-consuming support processes for manufacturing can be 

improved by 3D printing is to create tooling and casting models. In many manufacturing processes, 

tools or casts have to be made for the production of parts or shapes, which can be costly as they 

are made in low-volume batches and require precision in shape and material. 3D printers can be 

useful for creating such tools or casting shapes, as they provide a high level of control over the 

shape of the produced object. These objects can later be used for tooling or casting in the 

production process. 

2. Direct part production for use in existing products 

In this application of 3D printers, the technology is used to replace parts of the manufacturing 

process chain in customer firms. Note that here the final product is still the same. Typical parts 

that are considered for replacement are those that are either difficult, time-consuming or expensive 

to make in traditional ways. One clear example of this use (and one of the first, in 2000) can be 

found in Boeing airplanes, for which air ducts used to be made out of up to twenty separate parts, 

each including its own tooling process. This process has been replaced altogether by 3D printing, 
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vastly simplifying the process through the reduction of labor, quality control, assembly lines, 

documentation and inventory control, and losing some weight of the end-parts in the process 

(Hopkinson et al., 2006, pp. 233-239). 

3. Product innovation through 3D printing possibilities 

The main difference between this use of 3D printing and direct part production for existing 

products is that here the actual product is changed according to possibilities offered by 3D printing. 

This means that firms rethink not only the way in which they produce their products, but also what 

the product should be. This application type can be categorized into either customization or 

performance enhancement. 

a. Customization 

As 3D printing is especially useful for low-volume batches and change in the product can be 

achieved by only adjusting the 3D model, there is great value in offering customized parts or end 

products. This can be either done in one-of-a-kind products made for individuals’ needs, such as 

in custom made sport shoe soles (as done e.g. by Nike) or hearing aids (e.g. done by Siemens and 

Phonak), but can also be provided as a service in the industrial segment, for example by 

accommodating (machine) part shapes to different models used by customers, or to otherwise 

easily adjust otherwise rigid part structures in complex configurations. 

b. Increased quality 

3D printing can also be used to produce qualitatively better products. This opportunity can either 

arise by shifts in cost-value tradeoffs, or by making use of previously unattainable opportunities. 

For example, General Electric is using 3D printing to produce jet engines that are stronger than 

previously possible, giving it a distinct advantage. Of course, product quality can be described in 

various ways, dependent on industry drivers. For example, in aerospace applications, weight 

reduction is crucial, so a ‘better’ product in this industry is one with similar characteristics but that 

weighs less. 

4.1.3 What is the (potential) 3D printing ecosystem? 

3D printing started with several entrepreneurs discovering a new opportunity by automatizing 

plastics-shaping processes in the 1980’s. These entrepreneurs created their own machines and sold 

them directly to customers, also providing them with some services like training employees in the 
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handling of the machines and maintenance services. Over time, however, an ecosystem has 

emerged surrounding these OEM firms. They have come to rely on advances in component 

industries, those that provide the parts that 3D printing OEMs rely on to make their machines. On 

the other side of the ecosystem, complements have emerged, those products or services that help 

make 3D printing particularly attractive for users. To understand the emergence of these ecosystem 

actors, it is important to have an overview of the complete ecosystem of 3D printing and which 

role different firms fulfil. The following figure shows the 3D printing innovative ecosystem, as 

determined recently in a Delphi study among industry experts.3 

 

Figure 7: Graphical representation of the 3D printing innovative ecosystem. Source: Sofroniou (2014). Note that this study uses 
AM (additive manufacturing) to describe the technology where I use 3D printing. 

The ecosystem elements as determined by the Delphi study generally follow Adner’s (2006) 

ecosystem description: components are those elements that are needed for the functioning of the 

technology as assembled by the technology (without components, the product will not function), 

and the complements are needed for the product to be valuable to the customer (without 

complements, the product is not useful). I will not cover each ecosystem element here in detail, 

but of special interest here are two elements that make up the basic input of the 3D printing process 

and could serve both component and complement functions: materials and Computer Aided 

Design (CAD) software. 

                                                           
3 See for information on the Delphi method Linstone & Turoff (1975). 
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The main inputs of a 3D printer are materials and a digital model, which a 3D printer then converts 

into a physical model. Therefore, it could be argued that without workable inputs, the machine 

does not function and both materials and CAD are components in the 3D printing ecosystem (note 

that CAD is only listed as a complement in the graph above). Overcoming these two barriers has 

been a key issue for 3D printing OEMs and a main focus in the early years. However, nowadays 

both materials and CAD also serve as complements in the ecosystem, as developments in these 

elements make 3D printing as a whole more valuable.  

Materials:  

In the development of the first 3D printers, finding and preparing materials to be suitable for 3D 

printing processes was one of the main challenges that the OEMs faced. Functionality of 3D 

printers depended on the availability of materials with certain properties, and the capability of the 

machines to process these materials. In this period, the OEMs developed and produced the 

materials in-house together with the 3D printers, in some cases built upon external knowledge 

(particularly in Stereolithography photopolymers, based on the work of large chemicals R&D 

firms such as Dupont, DSM and Ciba specialty chemicals). One effect of this was an effective 

lock-in of machines and materials both supplied by the OEMs. 

Throughout the development of the industry, more types of materials were developed with better 

qualities, both in terms of pure performance (e.g. lighter and stronger), but also with enhanced 

properties (e.g. flame-retardant or flexible materials).  

At some point, the dependence on specific materials was reduced to a point where 3D printers (at 

least based on metal powders) were capable of handling different types of materials beyond those 

developed by the OEMs themselves. This change allowed for a breach of the materials lock-in, but 

more importantly it established the role of materials as a complement for 3D printers, where 

developments in materials (with the performance of the printer held constant) could increase the 

usefulness of the technology. Perhaps the most striking example of this comes from General 

Electric, one of the lead users of 3D printing. It attempted to use 3D printing in the creation of jet 

engine parts - which should be able to perform under harsh environmental conditions – but could 

not find available materials that met the requirements. It then decided to turn a well-known alloy 

used in joint replacements into powder and put that in the 3D printer instead (Kellner, 2013).  
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Software: 

CAD software in the early days of 3D printing was making a transition from wireframe CAD 

systems to solid modeling technology and surface modeling (Beaman et al., 1997). In this period, 

the main problem to be solved was how to translate these CAD models into printable input for the 

printer. The solution was a file format (.STL, established by early OEM 3D Systems), that 

translated the CAD model into a mesh of triangles (Darrah & Wielgus, 1990), and developments 

occurred mostly in overcoming technical issues with this data input method (Beaman et al., 1997). 

Nowadays, CAD software is still an issue in improving 3D printing as a manufacturing technology, 

but for another reason.  

Design for 3D printing has become a big issue for firms seeking to use the technology for product 

improvements. Most CAD design tools aimed at manufacturing design are suited mostly for 

subtractive manufacturing purposes, for example in their structural representation of parts and 

available topologies (Seepersad, 2014).  

4.1.4 Short descriptions of original equipment manufacturers 

This subsection provides a short biography of the firms of study, and the demographics of the rest 

of the industry. See appendix C for a more elaborated version, framed around the case study results.  

4.1.4.1 3D Systems 

3D Systems, Inc. was founded in 1986 in California, US, by Chuck Hull, based on the 

Stereolithography process. He invented this process - selectively light-curing layers of liquid 

photopolymer based on a computer model – in 1983. At that point, he was working for UVP, Inc., 

a company that used UV lamps to create table coatings. He patented the technology and founded 

3D systems to commercialize the invention (Wohlers, 2013; Ponsford & Glass, 2014). 

3D Systems was the first firm to sell rapid prototyping equipment and has been the market leader 

for most of the history. Besides Stereolithography equipment, over the years it has sold 3D printers 

using most of the other processes. It has made name as the firm that sells the largest diversity of 

printers, from desktop 3D printers, including a digital platform for design exchanges, to industrial-

grade advanced metal printers. Within the industry, it is also known for its aggressive patent 

litigation to protect its IPR concerning Stereolithography and laser sintering technology (which I 

will come back to later). The de facto standard for converted CAD files into printable files is also 



40 
 

ascribed to 3D Systems: the .STL file format (named after Stereolithography file) (Jamieson & 

Hacker, 1995).  

3D Systems rebrands all equipment it (re)sells and insists on having invented all the technologies 

it sells. However, 3D Systems machines, especially metals printers, are less in demand than those 

made by competitors (Wohlers, 2013). 

4.1.4.2 Stratasys 

Stratasys, Ltd. was founded in 1989 in Minnesota, US, by Scott Crump, based on the Fused 

Deposition Modeling (FDM) process. Crump, a typical ‘garage tinkerer’, discovered the viability 

of this 3D printing process in 1988 when he attempted to create a toy frog using a glue gun filled 

with a mixture of plastic and candle wax. He and his wife subsequently automated this process and 

founded Stratasys to commercialize it, selling the first product in 1992 (FundingUniverse, n.d.). 

Over the years, Stratasys has mainly focused on selling FDM machines. It was the only firm that 

employed this process in the US and Europe for most of the history of the industry. In the early 

years, it competed mostly with 3D Systems, reporting that it machines had considerable benefits 

over Stereolithography equipment in terms of safety and office-friendliness, as Stratasys’ 

machines did not rely on lasers. It has tried around 2005 to also resell products based on other 3D 

printing processes, including metals, but with little success. It has thus always focused on plastics-

shaping machines. 

In 2012, Stratasys became the largest 3D printing OEM after merging with the Israeli OEM Objet 

Geometries. Additionally, it now provides part services using 3D printers made by its competitors.  

4.1.4.3 EOS 

The German firm Electro Optical Systems GmbH (EOS) was founded in Germany in 1989 by 

Hans Langer and Hans Steinbichler (Woodcock, 2014). Before then, Langer worked as managing 

director for a firm involved in scanning systems for lasers and thus had much knowledge about the 

lasers applications market. When he noticed laser manufacturing application projects emerging in 

the US (3D Systems), Japan and Europe, he sought a way to pursue this application. This 

opportunity came as BMW invested in Langer’s venture with a request to make a rapid prototyping 

machine (using a Stereolithography process). EOS’ success with its Stereolithography machines 

led to fierce patent litigation by 3D Systems. At the same time, EOS developed in-house a selective 

laser sintering line for plastics (in parallel with University of Texas spinoff DTM) (first sold in 
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1994). Together with one of its customers it then developed a new metal technology called Direct 

Metal Laser Sintering (DMLS, first sold in 1995) and, together with another German inventor, a 

sand sintering line. In 1997, it lost its Stereolithography line to 3D Systems as a result of the patent 

litigation, but gained the exclusive licenses for all of 3D Systems’ patents that were relevant for 

laser sintering. 

EOS has since then always only produced laser sintering machines, in which it is the market leader 

(before 3D Systems, which sells similar machines). Its first customers were mainly the European 

automotive manufacturing firms (e.g. BMW, Mercedes, Volvo), with whom it collaborated 

intensively. Nowadays, EOS is the third largest firm in the global industry in terms of revenue 

after 3D Systems and Stratasys. 

See appendix D for an overview of the size and growth of these three firms over time. 

4.1.4.4 Other firms 

DTM and the invention of laser sintering 

One important puzzle piece in the 3D printing industry development is the invention of laser 

sintering. The first traces of this technology can be ascribed to Carl Deckard, mechanical 

engineering student at the University of Texas (The University of Texas at Austin, 2012). He 

developed the technology in the university, patented it in 1986, and launched a spinoff called Nova 

Automation (later DTM). The first commercial machine, the Sinterstation 2000, was sold in 1992, 

two years before EOS’ first laser sintering machine. DTM never really took off, however, and was 

passed on between different owners before 3D Systems finally acquired the company in 2001. In 

hindsight, perhaps the most important role DTM played in the industry was providing 3D systems 

with metals technology and in the patent war between EOS and 3D Systems.4 

Other firms in 3D Printing: 

                                                           
4 Based on press releases of 3D Systems and EOS:  
1) 3D Systems develops SLA technology and files for broad patents. It is granted patents vague enough to cover both SLA and 
laser sintering processes (~1989).  
2) EOS develops SLA and laser sintering technology and is sued by 3D Systems for patent infringement on 3D Systems’ SLA 
products (~1994).  
3) EOS and 3D systems settle this dispute: 3D Systems acquires EOS’ SLA line. In return EOS obtains worldwide exclusive rights 
to all IPR relating to laser sintering from 3D Systems including its future developments until 2002, for the duration of the patent 
lifetime. This excludes EOS from the SLA business, but allows it to sell its laser sintering products in the US (1997).  
4) EOS subsequently uses its new position to sue DTM for patent infringement through its Sinterstation products (2000).  
5) 3D Systems acquires DTM in 2001 and uses its newly acquired IPR to hinder EOS’ laser sintering product sales in the US. 
6) The new dispute is settled in 2004 with more cross-licensing of patents and EOS paying 3D Systems royalties for sales of 
selected systems in the US. 
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Throughout the industry’s development, a variety of firms have entered the industry, with varying 

success. In total, 67 firms are considered by the annual Wohlers survey as commercially relevant 

(Wohlers, 2013, 2015). The most important points are summarized below: 

- These firms have entered the market with different technologies (especially Vat 

Polymerization and Sheet Lamination were popular technologies). Of special interest is 

sheet lamination, another invention of the early days of 3D printing (Helisys in the US, 

1992, exit in 2000). Anecdotal evidence (see Wohlers, 2001, also for other technology 

failures) suggests the pioneering firm never managed to deal with machine reliability 

issues, but subsequent firms still attempted to achieve commercial success with it. 

- Entry characteristics are different, but generally follow this pattern: firms utilizing the more 

advanced technologies (powder bed fusion and directed energy deposition) mostly 

emerged outside of the US (of the 19 firms, 2 are in the US, 1 in Canada, 5 in Asia and 11 

in Europe) and often had extensive prior knowledge (e.g. Trumpf was already since 1923 

active in the machine tools market and Concept Laser originated from toolmakers 

Hoffmann Group, Irepa Laser is a French research institute also selling products it 

develops). 

- Entrants usually utilize only one technology. Of the other 3D printing entrants, only one is 

known to employ more than one of the seven 3D printing processes. 

- Market penetration has been very limited for most firms. Of the 67 firms, only 14 firms 

have had an average volume market share of over 1% in the years they were active, 

including 3D Systems, Stratasys, EOS, and four firms that have been acquired by 3D 

systems or Stratasys over time). 

- Firms entering the 3D printing industry sold equipment, provided part services with own-

developed machines, or both. Some also entered in partnerships with customer firms or 

research institutes. Related to the previous two points, most firms have had to find some 

sort of specialized niche position to legitimize their business. 

The following table shows a comparative overview of the different firms in the industry. 
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Firms Entry characterization technology portfolio description firm image 

3D Systems Commercialization of application 

possibility 

A machine for every purpose Go-to source for everything design-to-

print 

Stratasys ‘Garage tinkerer’ story: 
commercialization of potentially useful 

invention 

High performance in specific markets Limited applications, but good at what 
it does 

EOS Industry expert looking to find new 
business opportunity for technology 

No differentiation, but ‘omnipotent’ 
machines 

Guaranteed high-quality technology 
provider 

Other firms ‘me-toos’ and entry from prior 

knowledge or related capabilities 

Usually limited to one technology - 

Table 2: overview of firms in the 3D printing industry. 

4.2 Evidence on theoretical propositions 

4.2.1 Proposition 1 

Changing modes of application for innovations bring about changing needs for technology 

suppliers in distinct phases. 

The first question to answer when discussing the timeline of 3D printing is when the different 

application possibilities were exploited over time. Part of this answer comes from the OEMs in 

their description of the uses for their machines over time. For a better understanding of how the 

industry as a whole saw these periods, the following table shows some representative quotes about 

the different uses in time. 

Time (new) application Quotes by focal firms 

Before 2000 
Rapid prototyping, towards 
tooling 

“SLA‐produced parts can be used for concept models, engineering prototypes, patterns and 

masters for molds and other applications.” 
- 3D Systems in its annual report, 1996 (3D Systems, Inc., 1996, p. 4); similar 

accounts can be found in reports from EOS and Stratasys from this time 

~2000 Towards direct manufacturing 

“They [the rapid prototyping machines] were being used in some of the most innovative 
companies in the world, and these companies saw the potential for additive manufacturing 

as a serious production tool. And once they had seen it, they wanted it” 

- EOS’ CEO on the transition to direct manufacturing, in Woodcock (2014) 

~2010 Towards innovative uses 

“Limitations that often trouble conventional manufacturing methods are no longer an issue 
with laser-sintering. The technology offers a competitive alternative compared to 

conventional manufacturing processes if not even substituting them in some cases. With 

laser-sintering, the design drives the manufacturing process.” 
- EOS in a press release, 26-03-2012 (EOS GmbH, 2012) 

Table 3: overview of changes in 3D printing applications over time. 

A central question in the demarcation of phases is what triggered the change between the phases. 

Before 2000, the main application for 3D printing equipment was rapid prototyping (in the most 

advanced market sector also the production of tooling inserts) and it was expected that low-cost 

processes would drive the market (Kochan, 1997). Around 2000, however, 3D printing came to be 

used for more advanced applications. The trigger for this change has been ascribed to both 

technological developments and a demand-side pull. For example, Onuh (2001) writes: “The initial 

concept of RP was to use it as a prototype model. But advances in the technology have widened 

the scope of its applications.” (Onuh, 2001, p. 220) Note that, while technological breakthroughs 
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are firm-specific events (as each firm employed a different technology), they occurred more or 

less simultaneously throughout the industry (see also table [] in section 4.2.3. The trigger for the 

second change is hard to pinpoint, mostly because this transition is still underway. 3D printing 

experts have been pointing at the possibly revolutionary effects since as early as 2006 (Hopkinson 

et al., 2006), but the first major event along this line happened only in 2012. General Electric, one 

of the lead users of the technology, acquired one of the largest 3D printing service providers, 

because it intended to use 3D printing as a pivotal technology for a new generation of jet engines 

(Kellner, 2014). 

Note also that only at this point in time, 3D printing for end-use parts (direct manufacturing) has 

become the most common application, growing steadily from less than 5% of total 3D printing 

revenue in 2003 to 28% by 2012 (Wohlers, 2013). The following graph shows this development 

over time. Note that, at least at this point, there is no way to distinguish between direct 

manufacturing of existing designs and revenue from products designed specifically for 3D printing 

in the available data. 

 

Figure 8: Revenue of the 3D printing industry by application. Constructed through a combination of overall industry size figures 
and development of the segment of direct manufacturing. Source for both: Wohlers (2013)  

In the different phase over time, researchers and firms have identified various factors as the main 

needs or requirements of 3D printing as a technology. These are linked to the main mode of 

application and are often expressed as the main barrier for adoption or what firms are focused on 

improving on. The following table shows a summary of these needs. 
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Phase in time 
summarized 

needs 
Specific needs Research highlights 

Before 2000 
Functionality & 

awareness 

Awareness & image, 

functionality, safety 

- ‘missionary selling’ of 3D printers (Hull et al., 1995) 
- Technology push strategies (Stratasys, 1996) 

- Safety and ease of use of 3D printers as decisive 

attributes (Kochan, 1997) 

2000-2010 
Performance & 

usability 

Integrateability, technological 

performance, enabling, cost-
efficiency and performance 

matching traditional processes, 

process control, designability 

- R&D focusing increasingly on process control linked to 

direct manufacturing (Beaman et al., 2004)  

- Benefits stem mainly from integrating 3D printing 
technology into firm processes (Onuh, 2001)  

- Comparison with existing processes as crucial for 

adopting 3D printing in manufacturing (Hopkinson et 
al., 2006, p. 3)  

After 2010 

Support to use 

3D to the full, 

match design & 
manufacturing 

Match between design and 
manufacturing, relevant 

information. 

- The opportunity for 3D printing to do more than replace 

identical products is almost never exploited, despite 

well-documented benefits (Cotteleer, 2014) 
- Main bottleneck for innovative product design is a lack 

of a comprehensive set of design principles, 

manufacturing guidelines, and standardization of best 
practices. (Gao et al., 2015) 

Table 4: overview of findings of industry needs as coupled with application possibilities. 

The key to understanding these needs over time lies in mapping the step in the production process 

where 3D printing is applied. This is shown in the following graph. 

 

Figure 9: Different applications of 3D printing mapped onto manufacturing firms’ operating divisions in different phases. 

In the first phase, 3D printing is used solely as an add-on technology, prototyping, which was often 

outsourced by manufacturing firms anyway. In the second phase, 3D printing makes it to the 

production floor as a mainstream manufacturing process, but is still used to produce parts that have 

been designed for traditional manufacturing processes. In the third phase, in contrast, the 

possibilities of 3D printing are already taken into account in the first step of the product 

development process, and advantages offered by 3D printing become a central driver of value. 
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The findings are combined and summarized in the following table: 

 Phase 1: 1985 - 2000 Phase 2: 2000 - 2010 Phase 3: 2010 - now 

Use of 3D printing Rapid prototyping/rapid tooling Direct manufacturing Product innovation 

Mode of application Niche/add-on Mainstream use Central value driver 

Advantage of 3D printing 

exploited 

Speed in making complex 

models 

Bypassing costly/difficult 

manufacturing processes 

Unique/superior product 

characteristics through design 

possibilities 

Associated needs Functionality & awareness Usability & performance Support to use 3D to the full, 
match design & manufacturing 

 Table 5: summary of findings on proposition 1. 

4.2.2 Proposition 2 

Changing needs in developing industries give rise to innovation bottlenecks in different parts of 

the ecosystem and thus shape ecosystem emergence. 

The previous section matched the different modes of application to the specific advantages and 

needs in the industry. The following table lists what is referred to at different points in time as the 

problems that have to be solved to bring 3D printing further, mapped as ecosystems elements. In 

other words, where in the ecosystem was the main bottleneck for that stage? 

Phase in time Bottleneck specific ecosystem elements Research highlights 

Before 2000 Main process Availability and usability of 

systems themselves: 

integrating all subsystems into 

a functional machine. 

- Crucial aspect of bridging CAD models with 3D printers (Jamieson & 

Hacker, 1995) 

- OEMs struggle with internal tradeoffs in machine design (Beaman et 

al., 1997) 

2000-2010 Components Improvements in subsystems: 

e.g. Functioning materials, 
processing performance, 

modeling tools, accuracy, 

surface finish, speed 

- Ability of materials to meet design requirements as crucial for direct 

manufacturing (Hopkinson et al., 2006, p. 126) 
- Majority of R&D in Europe focused on enabling direct manufacturing 

through development in processing performance, materials, modeling 

and simulation tools, and design tools (Beaman et al., 2004) 
- Surface finish and build speed as issues that need to be overcome 

(Hague et al., 2003) 

After 2010 Complements Products and services beyond 

systems themselves: advanced 
software, consultancy, 

information, skills 

- Collaborative approach and access to full solutions needed for full 

exploitation of 3D printing (Stratasys, Inc., 2014) 
- Increasing need to assist designers in designing for 3D printing 

(Wohlers, 2013) 

Table 6: Overview of findings of ecosystem bottlenecks at different points in time.  

This table shows a move of the bottleneck from the focal firm towards the components in phase 2, 

and later to complements in phase 3. Note that technical improvements have been an important 

factor from the inception of the industry until today. 

In the early years of the industry, the OEMs were responsible for the production of entire rapid 

prototyping systems. This meant for them integrating a complete system that included the process 

of shaping the material, but also the conversion of digital 3D models into files that could be handled 

by the machine and the creation of printable material. In this period, it was primarily the 

functioning and reliability of the machine that determined whether a producer was successful. 
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In the second phase of industrial development, there was an increasing focus on development in 

the subsystems, for example the process control, material properties and lasers. Development in 

these areas, however, was not primarily done by the OEMs themselves. This can be shown through 

a patent analysis. See appendix E for more information on the patent dataset and the analysis. 

The following graph displays the patenting activity of the 3D printing OEMs over time. Until 

around 2002 (these are patents filed around 1999; there is typically a three-year period from filing 

to granting of a patent), nearly all inventions patented by the OEMs concerned the core process. 

After this point, inventive activity of these firms moved more towards peripheral processes and 

application development.5 

 

Figure 10: Overview of patent classifications of patents by all 3D printing OEMs, by year. Graph based on a total of 561 patents. 

While more emphasis was placed on technical improvements, the main developments in these 

areas did not come from the OEMs. 3D Systems and Stratasys do mention product development 

as an important aspect of strategy in their annual report throughout the entire history of the 

                                                           
5 Note that this is a very crude way of categorizing inventive activity. The distinction here was chosen because the 
core process of all 3D printing technologies is in shaping plastics or metals, and patents aimed at e.g. application of 
3D printing or peripheral products and developments are usually classified differently. Within 3D printing patents, 
however, it is very difficult to identify the specific process or even the general 3D printing technology discussed. 
See for example the 3D printing technology insight report by GridLogics Technologies (2014), for an attempt to 
classify 3D printing patent by shaping process and materials by keyword. Even with such classifications, however, 
there is no alternative way to classify patents in different parts of the technology development chain. 
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industry. At the same time, they report that their manufacturing capabilities consist of assembly of 

subassemblies provided by suppliers (a trend that intensifies in this phase, see also the next section 

for firm-specific patterns). This all leads to the image that research on 3D printing processes, with 

the aim of improving subsystems such as control systems and optics, is not done by the OEMs. 

At the same time, a significant number of research institutes arise that aim at (or existing institutes 

start focusing on) basic research on 3D printing. These research institutes are for example the 

Fraunhofer Institute in Germany, the Additive Manufacturing Research Group at Loughborough 

University in the UK and the Laboratory for Freeform Fabrication at the University of Texas. 

These institutes perform research aimed at further developing 3D printing technology through 

development of the fundamental processes. In a way, these research institutes have taken on the 

role of component elements in the 3D printing industry. How exactly this research makes its way 

to the OEMs’ end products (most likely through suppliers in some way) is unclear. 

In the third phase, as complement innovation becomes more important, the general image is that 

also these ecosystem elements originate elsewhere. For the most part, potential complementors of 

3D printing were already existent before, related to other industries, but truly became an element 

in the 3D printing ecosystem once they became coupled with 3D printing and the industry 

participants. For example, 3D scanning processes already existed, for instance in terrestrial 

surveying or as coordinate measurement machines, and 3D modeling tools also existed in various 

forms. However, only in 2012, these tools were integrated in a scan-to-3D platform to serve the 

purpose of aiding designers in creating models specifically for 3D printing purposes (by 3D 

Systems). Similarly, around 2012, 3D printing OEMs began to offer plugins for various existing 

3D modeling software tools, to fit these products towards supporting 3D printing solutions. 

To further enhance the supporting infrastructure surrounding 3D printing technology, a number of 

events took place around 2010. One of these was the forming of a standardization body, the ASTM 

International Committee F42 on Additive Manufacturing Technologies, in 2009, guiding test 

methods, design, materials and processes and terminology. Other events include the formation of 

research institutes specifically aimed at fostering the use of 3D printing as a pivotal technology by 

industry. One example is the Direct Manufacturing Research Center in Germany, jointly founded 

by customers, suppliers and OEMs in the 3D printing industry. This center has the specific goal 

of, besides advancing the 3D printing technology, to promote the paradigm change from 
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production driven design to function driven design (DMRC, 2015). These infrastructure 

improvements are not produced by firms in the sense of ecosystem complementors. Nevertheless, 

they do serve a complementary function in the sense that they enhance the value as-used by 

customers, while being developed independently from the focal product. 

Thus, a 3D printing ecosystem formed itself around the dominant bottlenecks during the 

emergence of the 3D printing industry. While the 3D printing OEMs supported and in some cases 

initiated the emergence of these ecosystem elements, the actual provision and innovation of the 

components and complements was generally done by other industry participants than the focal 

firms themselves. These results are summarized in the following table. 

Phase Phase 1: 1985 - 2000 Phase 2: 2000 - 2010 Phase 3: 2010 - now 

Main industry need (from 

proposition 1) 

Functionality & awareness Usability & performance Support to use 3D to the full, 

match design & manufacturing 

Bottleneck in ecosystem Focal firm Components Complements 

Location of innovation OEM Basic research: research 

institutes 

Other industries becoming 

geared towards 3D printing and 

infrastructure improvements 

Table 7: summary of findings on proposition 2. 

4.2.3 Proposition 3 

Changes in bottleneck locations in emerging innovative ecosystems provide opportunities for focal 

firms to expand their boundaries. 

This section shows the strategic positioning of the 3D printing OEMs within their ecosystem over 

time. This is done in two parts. Firstly, it shows what the positioning of the firms was towards their 

customers; in other words: for what purposes did they offer equipment at different points in time? 

Secondly, it shows the strategy of the firms towards their ecosystem to reach and exploit this 

positioning. 

A first point regarding the strategy of the firms is what kind of products they offered, in terms of 

equipment. This relates to the mode of application they ‘accommodated’ at certain points in time. 

A timeline of selected descriptions of 3D printers is provided in the following table. 
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 3D Systems Stratasys EOS 

<1997 SLA‐produced parts can be used for 
concept models, engineering prototypes, 

patterns and masters for molds and 

other applications. (SLA) (3D Systems 
Inc., 1996) 

rapid prototyping devices that enable 

engineers and designers to create 
physical models, tooling and prototypes 

out of plastic and other materials 

directly from a computer aided design 
("CAD") workstation (FDM) 

(Stratasys, Inc., 1996) 

In 1994, EOS presented EOSINT P, the 

first European laser-sintering system for 
producing plastic prototypes (SLS) 

(EOS GmbH, 1997) 

1997   With the introduction of EOSINT M for 

direct manufacture of metal tooling for 
plastic injection moulding by Direct 

Metal Laser-Sintering (DMLS) [...] 

(EOS GmbH, 1997) 

1998    

1999 SL‐produced parts can be used for 
concept models, engineering prototypes, 

patterns and masters for molds, 

consumable tooling or short‐run 
manufacturing of final product (SLA) 

(3D Systems, Inc., 1999) 

 the DMLS technology has been 

successfully used for the DirectPart™ 

application i.e. direct laser-sintering of 
functional metal prototypes, a step 

towards „spare parts on demand“ 

(DMLS) 
(EOS GmbH, 2000a) 

2000  In addition, our products have been 

customized to produce thousands of 
tools and enduse parts in specialized 

industry situations ("niche custo-

mization"), including certain medical 
device/dental applications. (SLA) 

(3D Systems, Inc., 2000) 

Our current product line ranges from 

our GenisysXs, a low-cost 3-D printer 
used for concept designs, to our 

Maxum, that can be used to build 

functional prototypes and replacement 
parts. (FDM) 

(Stratasys, Inc., 2000) 

EOSINT P 700 builds fully functional 

plastic parts – an application called 
DirectPart™ - and investment casting 

patterns – which is called 

DirectPattern™ (SLS) 
(EOS GmbH, 2000b) 

2001 SLS systems are increasingly used for 
the direct manufacture of small lot 

quantities of plastic or metal parts for 

use as final products by endusers in 
both the consumer and industrial 

markets. (SLS) 

(3D Systems, Inc., 2001) 

  

2002-2005    

2006  In Arcam’s patented EBM process, […] 

titanium powder is transformed into 

solid metal parts for either functional 
prototyping or end-use. The process is 

currently used in three main industries: 

aerospace, automobile, and medical 
implants. (DED, sold only one year) 

(Stratasys, Inc., 2006) 

 

2007  In May 2007, we introduced the FDM 

200mc, our first system specifically 
designed for direct digital 

manufacturing (“DDM”) which is the 

production of end use parts rather than 
prototypes (FDM) 

(Stratasys, Inc.,2007) 

 

2008 Customer uses of our SLS» systems 
include functional test models and end-

use parts, which enable our customers 

to create customized parts economically 
without tooling. (SLS) 

(3D Systems, Inc., 2008) 

  

2009    

2010   Once a technology reserved for 
prototyping test parts, high-end 

equipment from EOS now produces 

custom designs that defy the limits of 
traditional manufacturing (DMLS) 

(EOS GmbH, 2011) 

Table 8: Selective timeline of applications of products offered by the three OEMs. Note that Stratasys does offer more advanced 
technologies since 2014, but only for parts services. 
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Although the triggers for new applications were shared across the industry, there are some 

differences noticeable between the OEMs. Firstly, Stratasys is very late in providing equipment 

aimed at direct digital manufacturing. It did realize the trend in the industry and recognized the 

potential for more ‘direct’ uses of 3D printing, but only in 2007 did it design a product specifically 

designed for mainstream use. Note that Stratasys was actually a pioneer in bringing a highly 

innovative metal printing technology to the US market in 2006 through a private label agreement 

with a Swedish firm, but it discontinued this agreement as the technology was “attractive primarily 

to early adopters” (Stratasys, 2007, p. 1). 

The second main difference lies in horizontal differentiation. 3D Systems has over time gained 

access to most of the successful technological alternatives, either through acquisition or through 

private label agreements. This holds not only for new technologies with which it sought to provide 

more advanced technologies (metal printing lines), but also for low-end printers and even possible 

alternatives for its core technology of Stereolithography. EOS in contrast did not expand beyond 

its in-house developed technology (laser sintering) and instead improved on it. Stratasys can be 

described as somewhere in between until 2012, offering some alternative technologies but without 

much success. From 2012, it displays some horizontal differentiation, by a merger and 

acquisitions. However, its new 3D printing processes acquired from 2010 remained within the 

same application area (rapid prototyping and tooling), and the more advanced metal printers it has 

acquired are only used to provide direct part services to customers through a specialized business 

unit. The following graph shows a more detailed overview of the different technologies and when 

the OEMs of study had access to these technologies over time.  



52 
 

 

Figure 11: The most important technologies by year they were developed and which firm had access to it. Blue indicates 3D 
systems, red indicates Stratasys, green indicates EOS. Based on Wohlers (2013) for entry data and press releases/SEC filings for 
EOS, Stratasys and 3D Systems. Note that the RepRap project is not a new technology, but a repositioning of FDM towards the 
low-end consumer market. 

The following table and figure show the strategies in terms of horizontal differentiation (as 

explained above) and vertical integration of the three firms over time. 

Firm Core technology Change in phase 2 Change in phase 3 

3D Systems SLA (plastics) Horizontal differentiation, backward vertical disintegration Forward vertical integration 

Stratasys FDM (plastics) - Forward vertical integration 

EOS SLS/DMLS (plastics and metals) Backward vertical integration Forward vertical integration 

Table 9: overview of OEMs’ horizontal differentiation and vertical integration strategies in the 3D printing industry over time. 
Based on OEMs’ annual reports and press releases. 

 

Figure 12: Spatial representation of OEMs’ horizontal differentiation and vertical integration strategies in the 3D printing 
industry over time. 
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Two remarkable trends are visible. Despite industry-wide changes in applications and needs, and 

an industry-wide understanding of these trends, different strategies emerge around 2000 in terms 

of backward vertical integration. Most notably 3D Systems changed its strategy, as it chose to 

acquire a metal-based technology (which was more suitable for more advanced applications) and 

consequently outsourced all its manufacturing capabilities. EOS, on the other side, focused on 

improving its core technology, by intensifying its connections with developers. 

Horizontal differentiation here was a way to cope with the mismatch between 3D Systems’ core 

technology and what was needed to satisfy the new needs. At the same time, Stratasys, which did 

not engage in horizontal differentiation, stuck with rapid prototyping as its main target application. 

The second trend is that each engaged in forward vertical integration around 2010. They all started 

to offer services beyond selling systems, most notably consulting services. Also, all three 

collaborated with or acquired external service providers (besides developing own capabilities). 

3D Systems’ integration strategy has stood out the most. Around 2010, it gained access to highly 

advanced metal technologies (even more horizontal differentiation, to accommodate for the most 

demanding applications): through a private label agreement with MCP (UK) in 2008 and later in 

2013 by acquiring Phenix Systems (France) (and discontinuing sales of MCP machines). Also 

from 2010, 3D Systems’ forward vertical integration strategy consisted of acquiring a large 

number of complementor-producing firms to integrate them into its own 3D printing solution. 

These include custom parts service providers in various industries (e.g. LayerWise, 2014, Bespoke 

Innovations, 2012), imaging companies (e.g. Simbionix, 2014), (CAD) software firms (e.g. Alibre, 

Inc., 2011, Geomagic, Inc., 2013), materials producers (Huntsman, 2011) , online design libraries 

mainly aimed at the consumer segment (Freedom of Creation, 2011, the3DStudio.com, 2011), and 

a partnership with Deloitte’s 3D printing consulting division (2013). Stratasys’ expansion strategy 

into complementing services has been focused more on specific acquisitions, such as the creation 

of a service bureau through two acquisitions (Harvest Technologies and Solid Concepts, 2014) 

and the creation of a strategic consulting division in 2014 along with the acquisition of 3D printing 

consulting firm Econolyst early 2015. EOS, finally, mostly developed its complementing 

capabilities itself: it first describes its offerings as a complete solution portfolio including software, 

materials, training and consulting in 2012, along with the launch of an in-house developed part 

property management concept. 
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In sum, the change in mode of application and a resulting formation of the ecosystem has led to 

focal firms changing their boundaries both in forward and backward directions, but in different 

ways. For the focal firms, these integration strategies together with horizontal differentiation have 

been a way to cope with developments in the industry. The findings are summarized below. 

Phase Phase 1: 1985 - 2000 Phase 2: 2000 - 2010 Phase 3: 2010 - now 

Bottleneck in ecosystem (from 

proposition 2) 

Focal firm Components complements 

OEM integration strategy n/a Backward vertical 

(dis)integration and horizontal 

differentiation 

Forward vertical integration 

Table 10: Summary of findings on proposition 3. 

To bring the levels of 3D printing application, associated needs and responses of the OEMs 

together, the following table shows a (non-exhaustive) collection of quotes associated with these 

themes during the different phases of the industry. 

 Phase 1: 1985 - 2000 Phase 2: 2000 - 2010 Phase 3: 2010 - now 

Description of the nature of 3D 

printing and its advantages 

The Company's computerized 

modeling systems use its 

proprietary technology to make 
models and prototypes more 

directly from a designer's three-

dimensional CAD in a matter of 
hours. 

- Stratasys in its 1996 annual 
report (Stratasys, Inc., 1996, p. 

3) 

DDM [direct digital 

manufacturing] is particularly 

attractive in applications that 
require short- run or low volume 

parts that require rapid turn-

around, and for which tooling 
would not be appropriate due to 

small volumes. 
- Stratasys in its 2006 annual 

report (Stratasys, Inc., 2006, p. 

3) 

“This is a paradigm shift for 

manufacturing. We are casting 

off those bonds and in the future 
will be able to make innovative, 

functionally integrated parts” – 

EOS’ CEO in a an article by The 
Vault (Siemens) (Jacinto, 2013) 

Description of what is needed 
for 3D printing to be valuable 

The way to overcome that 
perception [that 3D printers are 

not reliable] is at meetings like 

this where a lot of the state of 
the art is presented. A well 

distributed and understood basis 

is given for what rapid 
prototyping is and what it can 

do.  

- 3D Systems’ CEO when asked 

why people are not using the 

technology, in a conference 

report (Hull et al., 1995) 

The route to production 
acceptance is no longer about 

making the most of the freedom 

of AM, it is about taking the 
benchmarks set by other 

manufacturing technologies, 

meeting them and then adding 
the unique benefits of layer-by-

layer production to them – EOS’ 

CEO in a retrospective interview 

with TCT magazine (Woodcock, 

2014) 

 
 

"3D printing is no longer just 
about the systems themselves. 

The industry has reached a new 

level of maturity and 
sophistication that demands a 

holistic, collaborative approach 

to additive manufacturing, 
giving our customers access to 

full solutions – Stratasys’ CEO 

in a 2014 press release 

(Stratasys, Inc., 2014) 

Example and motivation for 

changing strategy 

n/a EOS […] has significantly 

strengthened its R&D and 
application development 

resources by acquiring the direct 

metal laser-sintering (DMLS) 
development business from 

Rapid Product Innovations Oy 

[with which it jointy developed 
the technology] 

- EOS in a 2000 press release 

(EOS GmbH, 2000c)  

Deloitte and 3D Systems plan to 

combine efforts to guide 
business leaders through the full 

spectrum of solutions and 

capabilities required to harness 
the value and potential of this 

disruptive technology and 

integrate it into their business 
models for sustainable 

competitive advantage.  

- 3D Systems in a 2013 press 
release (3D Systems, Inc., 2013) 

Table 11: Overview of OEMs’ changing strategy according to nature and challenges in the 3D printing industry. 
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4.2.4 Generalizing the findings from 3D printing: towards a general model of industry 

development and ecosystem emergence 

After this detailed overview of the emerging structures in the 3D printing ecosystem, it is now 

possible to take a step back and assess what role the ecosystem and the firms in them have played 

in the development of the industry and 3D printing as a whole. What has, in the end, been the main 

challenge for the industry over time and what has the role of the ecosystem and the focal firm 

been? 

Technological progress has been important throughout the entire history of the industry – ever 

since the beginning there have been calls for improvements in speed, size, cost, and related 

dimensions, and these calls are still strong. However, technological improvements have not always 

been the main driver of success in the industry. As 3D printing became more important for users, 

technological advancement became only part of the problems for companies to solve. At this 

moment in time, it is the customer firms that with their technology application lag behind the 

possibilities, especially so in product development departments. 

What, then, can be said about the purpose of the ecosystem in certain points in time? Broadly 

speaking, the ecosystem of 3D printing has made a shift from a set of firms that together provided 

customers with a new technology, to a set of firms that enabled customers to use the technology, 

and later to empower customers in the use of the technology. The importance in this ecosystem 

has shifted from the existence of the technology, towards functionality and later integrated 

solutions around the technology.  

For focal firms in developing industries, whose main activity is initially to provide the technology, 

such a shift poses some coordination problems. They in turn have to become providers of complete 

products, integrating and steering component innovations; and later providers of complete 

solutions, coordinating complementing products and services to remain in a value-generating 

position in the industry. 

The initial model of ecosystem development can thus be complemented, including the role 

ecosystems and firms play as they collectively shape the industry over time. The result is shown 

in the table below. 
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 Phase 1 Phase 2 Phase 3 

Markets and product 

importance 

Niche markets, add-on 

role 

Mainstream markets, more 

central, replacement of 

current practices 

Main driver of value for 

customers, dedication to 

this product/process 

Technology 

characteristics, 

development 

Invention, rivaling 

technology alternatives 

Consolidation, efficiency 

of application 

Technological 

performance and 

application development 

Ecosystem bottleneck Focal firm Mainly components Mainly complements 

Focal firms’ main risk and 

strategy 

Initiative risk Integration risk Interdependence risk 

Firm ecosystem strategy Standalone innovation, 

competition on products.  

(dis)integration toward 

components 

Integration of 

complements 

Ecosystem and focal firm 

role 

‘Providing’; focal firm is 

technology provider 

‘Enabling’; focal firm is 

product provider 

‘empowering’; focal firm 

is solution provider 

Table 12: generalized model of ecosystem emergence including the role of ecosystems and focal firms. 
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5 Discussion 

5.1 Theoretical implications 
The core of this thesis is to provide a solution for the gap in knowledge about the developing phase 

in industries and how ecosystems emerge there. It does so by proposing and testing a model 

centered around different modes of application. Thereby, it takes a different starting point than 

most research on industrial development, which is a dominant function of technological 

characteristics. My model proposes that it is the demand side that is instrumental in driving the 

change in the industry, strategic choices and the emergence of a (technology providing) ecosystem. 

I hope that this study provides a useful step on the path of understanding the demand-side drivers 

of industrial development.  

Also, this study emphasizes the dimension of time in the ecosystem framework. One central 

finding is that ecosystem emergence occurs in three phases. This finding is similar to earlier 

descriptions of the ecosystem lifecycle (Moore, 1993) and emergence of platform ecosystems 

(Thomas & Autio, 2013). However, these models describe only internal dynamics of growth, 

momentum and control, while I make the link to how the technology around which the ecosystem 

is centered is used over time by customers. 

Related to the previous point about time, this study proposes that ecosystems emerge 

asymmetrically and that the coordination of the ecosystem by focal firms serves different uses over 

time. This could provide a new direction in research that seeks to understand why firms collaborate 

with their complementors (e.g. Kapoor, 2013) or how challenges in the ecosystem affect firm 

performance (Adner & Kapoor, 2010).  

Furthermore, this study provides explanations for the earlier observed phenomenon that product 

firms at some point in the development of an industry start providing complementary services 

(Cusumano et al., 2015; Jacobides, 2005). It does so, again, by taking demand (mode of 

application) as a starting point, rather than tradeoffs on the side of production. This study shows 

that this expansion into complementary services might be valuable (and thus attractive) mainly 

because it is needed for customers to overcome internal barriers. 

Another implication following from the proposed model is that new applications need not only 

better technology to be successful (Adner & Levinthal, 2002), but also an ecosystem that can 

follow this move. For example, a firm might have a product technologically ready to move from a 
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niche to a more mainstream application, only to see it hindered because it cannot provide the 

improvements in components itself and it is not able to coordinate directed innovation in 

component industries (or a similar case with complements). Adner & Kapoor (2015) have 

suggested that the complement challenges can be a hindering factor for new ecosystems to 

substitute existing ones. The findings of this study suggest that this challenge might show itself 

only later in the development of the industry (when these complements become important), when 

irreversible choices have been made by industry actors. 

Another interesting point, not necessarily related to emergence, is the following: these findings go 

against what one would expect from the literature on sectoral patterns of innovative behavior, 

namely that these patterns depend on the nature of the underlying technology or technological 

regime (Pavitt, 1984; Breschi et al., 2000). In contrast, in this industry with a common underlying 

technology (be it in different forms), a common understanding of this technology and even a 

common ‘starting position’ of firms, there is emergence and persistence in differentiated strategies. 

I would like to make a final note on the seemingly different strategies of the OEMs in the 3D 

printing industry, that still lead to similar positions in the industry. The different firms take very 

different positions specifically in terms of knowledge integration, with resulting different patterns 

of backward vertical integration, but despite that they have all actively sought to expand into the 

complementor space as it emerged (forward vertical integration) and they each serve similar 

customers with similar products and services. It could be that the differences in strategy will show 

their consequences in time, or it might be that there are in fact more roads to take to becoming 

successful in a high-tech industry besides heavy investing in the best technology. 

5.2 Managerial implications: lessons from 3D printing 
The 3D printing industry is a case where a new industry was successfully founded by firms using 

a technology of which the ultimate potential was not yet clear. The findings have some managerial 

implications, which are discussed below. 

A first managerial implication concerns the realization of firms of their position in an ecosystem 

on which they depend for success. This idea is far from new (Moore, 1993), but the introduction 

of a time element in the emergence of this ecosystem does lead to some possible additions. Results 

from the 3D printing industry suggest that, at least in the early days of an industry, an innovating 

firm is in fact more or less on its own. Only as its technology develops to more central positions 
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will it have to deal with ecosystem dependencies and competition for value. The other side of this 

story is that a firm can anticipate on the emergence of an ecosystem by positioning itself so that it 

will be able to facilitate and control the ecosystem in the future. This idea has close ties to the 

upcoming field of platform management (Cusumano & Gawer, 2002) 

A second lesson from this case study relates to the shift in bottleneck position in ecosystems during 

the developing phase of a new industry. This shift not only affects new entrants to an industry, but 

also the role of (what originally was) the focal firm. In this case study, what customers ask for has 

changed from ‘a 3D printer’ to a way to improve the manufacturing process. Over time, the aspect 

of actually being able to bring components together and making a 3D printer has decreased in 

value in serving the market. This can be seen in 3D Systems, which has acquired the right to sell 

3D printing equipment and not the knowledge required to innovate, and Stratasys, which does not 

sell its most advanced technology but instead uses it to provide specialized parts services. On the 

other hand, there are new entrants into the 3D printer manufacturing space coming from all sides 

of the ecosystem: components (print head giant HP), complements (CAD software provider 

Autodesk), and even customers (Daimler). The outcome might be a future ecosystem where the 

current 3D printer OEMs are still the focal firm, but where 3D printing technology is only a 

component and the focal firm is a provider of manufacturing improvement solutions.  

A final managerial implication following from the analysis of the 3D printing industry concerns 

the importance of entry with the right technology. Many studies have pointed at the importance of 

choosing or switching to the right technological alternative (e.g. Tegarden et al., 1999; Eggers, 

2014) or being able to produce the dominant design (Klepper, 1996). But in 3D printing we see 

the biggest success stories related to the early entrants with the inferior technology (plastics 

shaping), not the later entrants with the superior technology (metals shaping). Here, the built up 

momentum of customer contacts and experience with the industry have shown to be far more 

important than technological superiority. 

5.3 Limitations  
This study has some limitations, both resulting from the research design and the research setting. 

This section will discuss some of these limitations and provide suggestions for further research. 

Concerning the research design, this study suffers from the drawbacks that follow from having a 

(single) case study approach, most importantly a limited generalizability. 3D printing is a high-
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tech industry with large firms as its customers, and drivers that shape the ecosystem formation, for 

example a need for cost efficiency, (re)education of the workforce and industrial standards might 

not exist in other markets, such as the consumer market. Furthermore, patterns found in industrial 

development are in part determined by (complementing) capabilities already in place (Mitchell, 

1992; Danneels, 2000) – or in this case rather not in place yet. The industrial development and 

ecosystem emergence might have looked differently if the technology had been developed for 

example by firms that are part of the component structure, for example print head giants or laser-

technology firms. 

Some limitations specific for this study are the following: 

In the 3D printing industry – as elsewhere – it is sometimes difficult to tell the difference between 

ecosystem components and complements. Indeed, in the 3D printing industry, two ecosystem 

elements exist that could be labeled as both and serve both functions. 

In terms of data availability, a serious limitation of this study has been the availability of 

information on suppliers of 3D printing equipment. There is only sporadic mentioning of which 

firms are the suppliers of the OEMs. Likewise, the relationships between the OEMs and their 

suppliers (and the rationale behind them) are rarely discussed in the available documentation. 

Obviously, such strategic considerations are critical information that is generally not made publicly 

available. For this reason, only general observations can be made about the backward vertical 

integration of the focal firms, and only circumstantial evidence can be found about the emergence 

of the components in the 3D printing industry (in section 4.2.2). 

Another limitation lies in the content validity in this study, specifically in the demarcation between 

different modes of application. It can be hard to say when a technology is used as a niche 

application or a main driver of value, as niche applications are by definition driven by a specific 

value. Even within the 3D printing industry this problem arises. At the time of invention of 3D 

printing, an industry existed of firms that performed prototyping activities; for those companies 

3D printing was very much a new driver of value. At the same time, for large manufacturing firms 

the technology was just an add-on.  

A final limitation lies in the demarcation of the phases. It is relatively easy to track when a new 

phase emerges and strategy changes, but more difficult to find where a certain development stops. 
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For example, in the 3D printing industry technological developments associated in bringing the 

technology to mainstream markets were still ongoing as the next level of applications came into 

view (and even now). This turbulence of overlapping strategies and industry directions is 

characteristic of emerging industries, however, and will likely always overshadow the search of 

meaningful patterns of industrial change. 

5.4 Suggestions for further research: 
This study has tried to describe one emerging ecosystem and the causal mechanisms that shaped 

the industry under the specific circumstances of 3D printing technology, its application 

possibilities and its users. Further studies into the subject could take a broader view across 

industries, describing what industry characteristics determine for example the rate of emergence 

of ecosystem elements or the control possibilities of the firms involved.  

Such studies could take the form of surveys, tracking the relations of firms with their ecosystem 

partners over time and linking this to the strategic direction at the time. Or they could employ 

quantitative data, tracking the growth of technologies in specific markets and testing the 

relationship with the size and structure of the networks of supplier firms. 

One aspect that has not been taken into account but is undoubtedly important for the diffusion of 

technologies that so radically alter firm behavior, are the dynamics within customer firms. In the 

3D printing industry we have seen that one large problem for true adoption of 3D printing as a 

manufacturing technology is a mismatch between the design process and manufacturing process 

of manufacturing firms. To understand the scope of this issue, it is important to realize that design 

and manufacturing are usually two separate departments within firms, and the adoption of a new 

technology here means not only changes to both these departments, but also a change in the 

relationship between these departments. In-depth study of such issues might provide a new 

direction for answers to the question of what makes innovations succeed. 
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6 Conclusion: 
This thesis project was initiated with the aim of understanding ecosystem emergence in the 3D 

printing industry. It has resulted in the development of a generalized model for ecosystem 

emergence and a characterization of possible vertical integration strategies for OEMs to deal with 

this emergence. This model was then employed to analyze developments in the 3D printing 

industry. 

The findings from the 3D printing industry show an industry in which the technology ecosystem 

and the OEMs within it fulfil different roles over time, based on different uses of the technology. 

This study contributes to existing literature mainly by providing a model for ecosystem emergence 

based on demand-side drivers, and provides managerial implications mainly by showing how 

OEMs can anticipate on their technology moving into new markets, not necessarily by investing 

in improving their technology-related capabilities. 
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8 Appendices 
Appendix A: visualization of different 3D printing technologies 

Source: Custompartnet (custompartnet.com) for image 1 through 6; rpm and associates 

(rpmandassociates.com) for image 7. 
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5. Vat Polymerization 

 

6. Powder bed fusion 

 

7. Directed energy deposition
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Appendix B: tradeoffs between technological alternatives and typical use.  

1. Comparative overview of different evaluation criteria of 3D printing technologies. 

Technology Cost/Volume 

aim: low 

Accuracy 

aim: high 

Durability 

aim: high 

Build Speed 

aim: fast 

Stereolithography 
High High Low Slow 

3D Printing 
Average Average Average Fast 

Fused Deposition Modeling 
Low Low High Slow 

Inkjet Printing 
Low High Low Slow 

Photopolymer Jetting 
High High Low Average 

Laser Sintering 
Average Average High Average 

Direct Metal Laser 

Sintering 
Average High High Fast 

Selective Laser Melting 
High Average High Slow 

Electron Beam Melting 
High Average High Slow 

Laminated Object 

Manufacturing 
Low Low Average Fast 

Laser Engineered Net 

Shaping 
High Average High Average 

Source: Internal documentation for earlier projects within ETH Zürich 
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2. Visualization of different types of bonding and materials, along with performance in 

certain dimensions. 

 

Source: Additively (additively.com) 
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Appendix C: Elaborate firm descriptions: 

3D Systems 

Entry: 

3D Systems, Inc. was founded in 1986 in California, US, by Chuck Hull, based on the 

Stereolithography process. He invented this process - selectively light-curing layers of liquid 

photopolymer based on a computer model – in 1983 while working for a business that used UV 

lamps to create table coatings. He patented the technology and founded 3D systems to 

commercialize the invention (Ponsford & Glass, 2014).  

Phase 1: 

In the early days, Stereolithography turned out to be suitable to replace some existing prototyping 

processes, and 3D systems developed a second technology line (MJM), aimed at desktop 

applications, which did not require lasers and was more affordable. It was quick to organize its 

customers, firms like General Motors and Chrysler, into a 3D Systems North American 

Stereolithography Users Group, which it gathered yearly to promote its new products. It 

aggressively protected its technology with patent litigation, especially from the German firm EOS 

which sought to penetrate the US market with Stereolithography products. For the development of 

materials, an already existing field, it collaborated with supplier firms to offer a line of materials 

and develop a portfolio of its own. 

Phase 2: 

From 2000 on, 3D Systems started to rapidly expand its product portfolio. New technologies 

included both alternatives for its Stereolithography technology (e.g. digital light processing, solid 

ground curing) and one process better suited for direct manufacturing. Its own technologies (SLA 

and MJM) were both based on plastics and offered limited possibilities beyond prototyping. It 

added a promising metal processing technology in the form of Laser Sintering by acquiring its 

inventor, University of Texas spinoff DTM. It also sought to become more than just an equipment 

provider, as it developed computer-aided design (CAD) solutions for easier part preparation and 

professionalized its service business. In its press releases, 3D Systems changed its self-description 

from providing products and services that allow users to move quickly from designs to parts 

(1999), to a provider of solutions that facilitate manufacturing by creating parts from digital input 
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(2005-2008). At the same time, however, it released control of its own production process. It 

already outsourced manufacture of subassemblies at least since 1996, but by 2004, it had arranged 

the outsourcing of substantially all of its equipment assembly activities, leaving 3D Systems to 

purchase complete systems from its suppliers. In 2005, it stationed its materials production division 

at a chemicals firm in Switzerland, which it acquired in 2001. In this period, 3D systems also 

intensified its network contacts, leveraging on its user group (by then joined by the SLS Users 

Group) to learn about application possibilities and entering collaborations with other parties in the 

ecosystem, such as software developers, research institutes, customers and its suppliers. 

Phase 3: 

For 3D Systems, the next phase began as it began another set of expansion activities. In 2008 it 

entered into a private label agreement with MCP (UK), to rebrand and resell metal laser melting 

systems, a more advanced variant on its sintering machines. These systems were phased out again, 

as it acquired the French Direct Metal Laser Sintering firm Phenix Systems in 2013. It essentially 

treated Phenix as a supplier, leaving its production facility in France and selling the machines 

under the 3D Systems brand name. With these new industrial-grade metal forming machines, it 

seemed set for the next generation 3D printing applications. It also complemented its portfolio by 

acquiring US-based Z Corp and its popular binder jetting prototyping technology and some firms 

in the growing desktop printing segment. In terms of ecosystem development, however, its activity 

was more remarkable. It acquired dozens of firms since 2010, including aforementioned 

(competing) OEMs (Phenix Systems and Z Corp), custom parts service providers in various 

industries (e.g. LayerWise, Bespoke Innovations), imaging companies (e.g. Symbionix), (CAD) 

software firms (e.g. Alibre, Inc., Geomagic, Inc.), materials producers (Huntsman) and online 

communities/marketplaces mainly aimed at the consumer segment (Freedom of Creation, 

the3DStudio.com). Finally, it partnered with Deloitte’s 3D printing consulting division, to aid 

firms in discovering and integrating 3D printing opportunities. Thus it seized control of large parts 

of the 3D printing ecosystem, and became a solutions provider for everything related to 3D printing 

contents, processes and equipment.  

3D Systems today 

Today, 3D systems is still one of the two largest firms in the industry, although it recently had to 

give up its lead after Stratasys merged with Objet Geometries in 2012. Consistent with its previous 
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rebranding efforts, it insists on having invented 3D printing and all the technologies it sells today. 

However, its focus on controlling the ecosystem without attention for its technological base, and 

its focus on expansion without attention for integration might not be a sustainable strategy. 3D 

printing stocks are volatile, according to trend watchers due to bad management; its metals 

technology is less popular than that of competitors, notably EOS; and trend watchers warn for low 

employee satisfaction rates. 

3D Systems 

summarized 

Phase 1 Phase 2 Phase 3 

user interaction technology push involvement involvement 

(vertical) 

integration 

- releasing manufacturing, no 

integration of knowledge, some 

expansion into complements 

'reseller' of technology, no 

integration of technological 

base, integration of 

complements 

r&d focus core technology various, with various partners various, with various partners 

technological 

differentiation 

development of two 

core technologies 

yes, both new processes and 

alternatives for own technology 

yes, more new technologies 

competitive 

strategy 

establish (and protect) 

unique technology 

being go-to source for anything 

3D printing, less on quality 

being go-to source for anything 

3D printing, less on quality 

offerings equipment equipment, parts services equipment, content, part 

services, consulting 

 

Stratasys 

Entry: (based on description on Fundinguniverse.com) 

Stratasys, Ltd. was founded in 1989 in Minnesota, US, by Scott Crump, based on the Fused 

Deposition Modeling (FDM) process. Crump, a typical garage tinkerer, discovered the viability of 

this 3D printing process in 1988 when he attempted to create a toy using a glue gun filled with a 

mixture of plastic and candle wax. He and his wife subsequently automated this process and 

founded Stratasys to commercialize it, selling the first product in 1992 (Fundinguniverse, n.d.) 

Phase 1: 

Stratasys in the 1990s improved its core technology, FDM, in 1996 expanding it by acquiring a 

relevant development line from IBM. It recognized a large advantage over 3D Systems’ main 

technology, in that its products did not rely on lasers and thus were safer for office environments. 

Also unlike 3D Systems, it did not face competition on its specific technological alternative. It 
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sought to sell its products through channels such as telemarketing and direct mailings of 

prospective customer lists, with firms like General Motors and 3M as initial customers. Besides 

the equipment, it also manufactured and sold the materials used in the printers. 

Phase 2: 

From around 2000, relatively little changed for Stratasys. It had found a unique and unchallenged 

prototyping and tooling technology which it kept improving. It did recognize the potential for 

additive manufacturing of replacement parts for its ‘best’ machines from 2000, but only in 2007 it 

released a product (the FDM 200mc) “specifically designed for direct digital manufacturing”. Note 

that Stratasys was very late to recognize or appreciate the shift to rapid manufacturing altogether. 

Only in 2006, it mentioned for the first time direct digital manufacturing (DDM), the term it uses 

for direct manufacturing. In 2008, it still referred to DDM as a new market next to traditional rapid 

prototyping. By 2002, it developed a new product platform based on another acquired technology 

development line, called Dimension. This line, at that moment described as ‘3D printing’ as 

opposed to ‘Rapid Prototyping’ differentiated from its other machines in price and size, aimed at 

desktop use and communicated trough a separate website. With $29.900, it was at that point the 

cheapest 3D printer.  

Like 3D Systems, it also made a move into different technologies, through two private label 

agreements. The first was with Objet Geometries (Israel) in 2003, adding design visualization 

machines to its portfolio with plastic MJM technology. The second was with Arcam (Sweden) in 

2006, which had had developed a new metal processing technology called Electron Beam Melting 

(EBM), capable of producing functional metal prototypes and end-use parts. Both these 

agreements were discontinued by the end of 2006, however, as they did not result in significant 

sales. In the EBM case, specifically, Stratasys reported that it was “attractive primarily to early 

adopters”. Also like 3D Systems, it established a position in the service sector, establishing RedEye 

in 2005 and thus competing with a sector of its customers in providing prototypes and parts for 

manufacturing firms. 

Stratasys also vertically disintegrated to an extent, outsourcing the production of subassemblies 

already in early stages. Unlike 3D Systems, however, it kept assembly and testing in-house and 

even turned it into an asset, using organizing tools and manufacturing concepts (six sigma) to 

optimize its production process. 
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Unlike 3D systems and also EOS, Stratasys did not organize its customers through user groups, 

only reporting industry affiliations as a means to communicate with customers from 2007. Around 

that time, it also intensified customer contacts on the development side. Its high-end Fortus 900mc 

machine (2008) was developed for and financed by one of its large customers, an initiative that 

started in 2005. 

Phase 3: 

From 2010, as the 3D printing industry developed towards more and more high-end applications, 

Stratasys started to change its strategy in some aspects. In terms of its technological base, it finally 

made some lasting expansions. It acquired Solidscape (US) in 2011, with its material jetting wax 

printers had become an important player in the niche market of jewelry castings. In 2012 it 

strengthened its position in the prototyping market, merged with Objet Geometries, listing the 

complementary technologies of functional prototyping (Stratasys) and design visualization (Objet) 

as a main reason. In 2014 it also entered the growing desktop printing market by acquiring the 

largest manufacturer player this market, Makerbot. In contrast to 3D Systems, which rebranded 

every firm it acquired, Stratasys left Solidscape and Makerbot as subsidiaries with their own 

websites. In its paid parts division, it finally also moved into metal technologies in 2014, by 

acquiring and merging with its RedEye division two service providers using direct metal laser 

sintering technology (and 3D Systems’ Stereolithography machines).  

Stratasys also finally realized the need for more intensive services to help customers exploit the 

potential of 3D printing. This showed in its annual reports, where in 2013 for the first time holistic 

solutions and professional services are mentioned, and in the first press release (also 2013) that 

mentions a need for collaborations to educate and collaborate with external parties to realize the 

technology’s potential. In response to this, it launched a professional services program in 2014, 

kickstarted by the acquisition of British 3D printing consulting firm Econolyst. 

Stratasys today: 

Today, Stratasys is the largest firm in the 3D printing industry before 3D Systems, and seems to 

have shifted its focus (at least to the outside) towards teaching the world about 3D printing and its 

applications. Although it only sells plastics and wax systems, it seems to have found a firm 

foothold in the direct manufacturing market segment with its paid parts business, also advertising 
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its metals capabilities. It remains to be seen, however, if it can sustain this position as competitors 

develop superior equipment which they sell directly to customers. 

Stratasys 

summarized 

Phase 1 Phase 2 Phase 3 

User interaction technology push technology push involvement 

(vertical) 

integration 

none retaining manufacturing from 

subassemblies 

retaining manufacturing from 

subassemblies, integration of 

service providers 

r&d focus core technology increasing attention for in-house 

product development, some 

applications 

much attention for technology 

development (6σ; product 

platforms), also application 

development 

technological 

differentiation 

development of one 

core technology 

hardly yes, but remaining within 

(functional) prototyping 

competitive 

strategy 

establish unique 

technology 

leverage core technology for 

specific market, differentiation 

for price 

leveraging technology to 

establish/hold strong position in 

(niche) markets 

offerings equipment equipment (later parts services) equipment, parts services, 

consulting 

 

EOS 

Entry (based on an interview with TCT magazine, source: Woodcock (2014)): 

Electro Optical Systems GmbH (EOS) was founded in Germany in 1989 by Hans Langer and Hans 

Steinbichler. Until then, Langer worked as managing director for a firm involved in scanning 

systems for lasers and thus had much knowledge about the lasers applications market. When he 

noticed laser manufacturing application projects emerging in the US (3D Systems), Japan and 

Europe, he sought a way to pursue this application. This opportunity came as BMW invested in 

Langer’s venture with a request to make a rapid prototyping machine (using a Stereolithography 

process). EOS’ success with its Stereolithography machines led to fierce patent litigation by 3D 

Systems. At the same time, EOS developed in-house a selective laser sintering line for plastics (in 

parallel with University of Texas spinoff DTM) (first sold in 1994), together with one of its 

customers (Electrolux of Finland) it developed a new metal technology called Direct Metal Laser 

Sintering (DMLS, first sold in 1995) and, together with another German inventor, a sand sintering 

line (Woodcock, 2014). In 1997, it lost its Stereolithography line to 3D Systems in patent litigation, 

gaining exclusive licenses for all of 3D Systems’ patents that were relevant for laser sintering. 

Phase 1: 
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EOS, founded by a laser expert, developed its first product for BMW and in the process of 

developing its new core technologies, collaborated with a number of other partners. It made full 

use of its background of laser technology, this collaboration network and the vicinity of the North-

European car manufacturers in the next years. It sold prototyping systems to BMW, Porsche, 

Volvo, Ford’s UK Engineering Centre, Jaguar and Daimler, and a large number of European 

prototyping service providers and foundries. Its customer relations were organized in a user group 

gathering annually from 1997, aimed at sharing knowledge about applications, and strategic 

partnerships with these customers were considered a driver for EOS’ growth. It also actively 

collaborated with other partners, such as 3D printing CAD software developers Materialise and 

Deskartes and the rapid prototyping division of research institute Fraunhofer. Already in this 

phase, EOS was very concerned with the quality of its parts; it received ISO certification in 1998 

and provided in-house benchmarking studies to its customers to assure them of part quality. 

Phase 2: 

EOS responded very quickly to the new market potential of direct manufacturing. Building on its 

technological base, it entered into development projects with its customers to develop formalized 

application processes. These processes, called DirectTool, DirectPart and DirectCast and e-

manufacturing were extensively tested in collaborations with experienced customers, already 

before 2000. To support such applications, EOS also developed an integrated process chain 

management system (originally developed in 1997 for the sand systems, but later also customized 

for plastics and metal systems), software for data preparation EOSPACE in 2001 and various 

automated post-printing processes labeled Autofinish in 2004. Besides peripheral products, it also 

actively developed and released new materials to accommodate new markets. Aimed only at high-

end applications, it did not differentiate its products. Machines of the three material lines were 

developed one by one as modular systems which could be upgraded to newer versions.  

EOS saw formalized processes and close collaborations as the best way to drive the diffusion of 

direct manufacturing applications. To this end, it launched the ‘e-Manufacturing Partner’ program 

in 2005, together with Belgian 3D printing software developer Materialise and service bureau 

FKM as its first participant. At the same time, it also entered into collaboration projects with other 

(laser technology) firms to improve its technological base. These collaborations include Trumpf 

in 2002 for patent cross-licensing of laser melting technology, later leading to a jointly developed 
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laser melting machine, and 3D-Micromac in 2003 for laser micromachining technology, which 

would later leading to a joint venture. 

Phase 3: 

For EOS, first signs of the third phase of industry development can be seen already in 2008, when 

it founded the Direct Manufacturing Research Centre in Paderborn, Germany, in collaboration 

with the local university and customers. The research center was founded specifically to support 

high-end applications and recognized the increasing need to bring together competences in 

mechanical engineering, chemistry and computer sciences, to fully exploit the opportunities 

offered by 3D printing.  

EOS itself kept doing what it did well, developing its products, sometimes collaborating with other 

technology providers and working together with customers to improve the technology’s 

applications. To further accommodate the need for reliability and knowledge of part quality, it 

launched a part property management initiative in 2009, and it increasingly organized its services 

towards an Integrated Quality Management System in 2010, later also providing consulting 

services and feasibility studies. 

EOS today: 

EOS is now the third firm in the 3D printing industry in terms of size, but it is the leading firm in 

Europe (where nearly all major developments in metal 3D printing occur). It seems to have a 

functioning network of collaboration partners and involved customers, and its machines are 

considered superior over its largest laser sintering competitor, 3D Systems, at least for service 

bureaus. 

EOS summarized Phase 1 Phase 2 Phase 3 

user interaction heavy involvement heavy involvement heavy involvement 

(vertical) 

integration 

- manufacturing in-house, 

application development 

with customers 

manufacturing in-house, 

application/service 

development with customers 

r&d focus core technology core technology + specific 

application processes 

core technology + specific 

application processes 

technological 

differentiation 

shift of one core technology 

to another 

no (core technology with 3 

material types), single 

modular upgradeable 

product per technology 

no (core technology with 3 

material types), single 

modular upgradeable product 

per technology 
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competitive 

strategy 

technological superiority 

with loyal customer base, 

high-end focus 

technological superiority 

with loyal customer base, 

high-end focus 

technological superiority 

with loyal customer base, 

high-end focus 

offerings equipment equipment and process 

assistance 

equipment, process 

assistance, complementing 

services 
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Appendix D: overview of growth and size of 3D Systems, Stratasys and EOS 

 

1: revenue of 3D Systems, Stratasys and EOS. Data from Thomson-Reuters for 3D Systems and 

Stratasys; press releases and company presentations for EOS. For EOS (no data before 2000), 

numbers were converted from D-Mark and Euro based on the yearly average exchange rate. 

 

2: Employee numbers of 3D Systems, Stratasys and EOS. Data from Thomson-Reuters for 3D 

Systems and Stratasys; press releases and company presentations for EOS (no data before 2000). 

Growth in 3D Systems and Stratasys is mostly caused by mergers and acquisitions after 2010. 
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Appendix E: patent analysis information 

This appendix supplements the analysis in section 4.2.2. The patents used for this analysis are 

based on a list provided by Castle Island, co. (Castle Island, co., 2014) This patent database is 

generally recognized as the go-to source for patent information in the 3D printing industry; it is 

for example used for the Wohlers 3D printing annual report. 

The patent list used was updated until October 2013. Detailed patent information was then obtained 

from Espacenet and the Derwent Innovation Index. In total, the patent list consists of 4739 US 

patents. The list includes patents by the OEMs, by universities developing 3D printing processes 

and/or applications, by firms developing subprocesses of 3D printing such as material development 

and part preparation models, and by firms developing applications for 3D printing, such as for the 

use in aerospace or automotive industries.  

This patent database was then cleaned, including the reduction of assignees to one firm/institute 

per patent, the assignee with the most patents in the database. In the case of patents assigned to 

both OEMs and other parties, this was always the OEM. 

Assignees were categorized as OEMs if they were included in the Wohlers annual reports as a 

commercially relevant technology producer (a list of 67 firms). The exception to this rule is the 

Swiss company Huntsman, which has sold only one machine in total but has been important in the 

industry as a provider of chemicals. As such, it has not been counted as an OEM. 561 of the patents 

(12%) were assigned to OEMs. 

To deal with the issue that general IPCC patent classifications can be unsatisfactory in showing 

what technology group a patent belongs to, especially so in new technologies, a transformation of 

IPCC codes was used following the methodology of Kay et al. (2014). This leads to categories 

such as ‘plastics shaping’, to which most 3D printing patents are assigned. 

For this specific analysis, the distinction was made between patents in ‘plastics & wheels’ or 

‘metals’, and other patents. These are 2 out of 35 classification groups, others including ‘optics’, 

‘semiconductors’ and ‘turbines & engines’. 

 


