
                                                              

 

     

 

 

 

 

 

 

Abstract- Additive Manufacturing, a technology which has been 

in existence since three decades is now successfully being 

transitioned from a research setting to finding technologically 

and financially viable end-user applications. In other word, 

Additive Manufacturing is climbing up in terms of maturity 

when viewed from Technology Readiness Levels. A key 

ingredient for organizations to establish successful business 

models around this technology are effective and efficient 

ecosystems. This paper looks at the critical ecosystem elements 

which are required to complete the additive manufacturing 

environment, from the perspective of a Global Engineering and 

Product Development Organization, like Cyient. The 

requirements for an additive manufacturing business are looked 

at, from a technical and economic perspective. The Additive 

Manufacturing Value Chain is decoded, and key elements of the 

value chain are identified. The requirements are then mapped to 

the elements of the value chain, and the dependency on each 

element is elaborated. A recommendation of activities which need 

to be outsourced and the ones which need to be retained in-house 

is also put forth. The feasibility of practicing open innovation in 

this advanced manufacturing ecosystem is examined.  

Keywords— Additive Manufacturing, Ecosystem, Value Chain, 

Outsourcing considerations, Open Innovation 

I. INTRODUCTION- BUSINESS ECOSYSTEMS 

It has been widely accepted in the last two decades that 

modern economic systems can be compared to a great extent 

with their biological ecosystems. There are many attributes in 

parallel to economics of humans and the ways in which living 

beings lead their lives; competition, specialization of work, 

co-operation for mutual benefits, utilization of superior 

bargaining positions and adaptability. The reasons, enablers 

and controls of change are also parallel. However, we have 

seen that economic systems change much faster.  

 

Business Ecosystem, as a term was first introduced by 

James F Moore in the 1990s in his paper (F.Moore, 1995) 

titled “Predators and Prey”. In his paper, Moore used several 

ecological metaphors to explain business ecosystems. 

According to Moore, a business ecosystem is “an economic 

community supported by a foundation of interacting 

organizations and individuals – the organisms of the business 

world.” Moore also defined a  

 

 

 

 

 

business ecosystem as an “extended system of mutually 

supportive organizations; communities of customers, 

suppliers, lead producers, and other stakeholders, financing, 

trade associations, standard bodies, labor unions, 

governmental and quasigovernmental institutions, and other 

interested parties. These communities come together in a 

partially intentional, highly self-organizing, and even 

somewhat accidental manner. The first definition highlights 

interaction within a business ecosystem, while the second one 

emphasises decentralised decision-making and self-

organisation. Although Moore claims that the word industry 

should be replaced with the word business ecosystem, it is 

apparent that Moore’s business ecosystem is closer to the 

concepts of cluster and value network.  

 

Business ecosystems are based on core capabilities, which 

are exploited in order to produce the core product. In addition 

to the core product, a customer receives “a total experience” 

which includes a variety of complementary offers. 

Manufacturing enterprises are also undergoing transformation 

from a pure product focus to that of a service model (Stefan 

Wiesner, 2013), which is vastly improving their problem 

solving capability.  

 

II. ADDITIVE MANUFACTURING PROCESS CHAIN 

Additive manufacturing is the official industry standard 

term (ASTM International, 2012)for all applications of the 

technology. It 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.  

The process used to obtain additive manufactured parts 

varies to a given extent, mainly based on the end application. 

However, a generic process (Dr. Ian Gibson, 2010) is as 

follows: 

1. Conceptualization and CAD 

2. Conversion to STL 

3. Transfer and manipulation of STL file on AM machine 

4. Machine setup 

5. Build 

6. Part removal and cleanup 

7. Post-processing of part 

8. Application 
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This definition is suitable for additive manufacturing as a 

process but needs further elaboration in the context of Big-M 

Manufacturing, where the enterprise is considered. To 

elaborate, Big-M refers to the entire Product Realization 

process whereas Little-M refers to a subset of this process, 

where materials are converted and assembled. A generic 

Additive Manufacturing Enterprise process chain is as 

follows:  

 

        
Table I: Additive Manufacturing Enterprise Process Chain 

The elements of the Additive Manufacturing Enterprise  

Process chains are elaborated below:  

 

1. Assessment: Though additive manufacturing provides the 

freedom to manufacture parts having the most complex 

design, it is not viable to produce all parts using this route. 

If it is more economical to make parts using conventional, 

subtractive manufacturing, that is recommended. Hence, it 

is imperative to conduct an assessment of part suitability 

for additive manufacturing. One thumb rule is to look for 

design complexity, low to medium production volumes 

and products with lots of moving parts in order to derive 

the maximum benefit.  

 

2. Design and Engineering: The paradigm of design and 

engineering for additive manufacturing is hinged on two 

fulcrums (Dr. Ian Gibson, 2010): 

 The ability to design for complexity. In this respect, 

complexity covers complicated shapes, multiple 

structures, multiple materials and multiple functions in 

the same product.  

 Design and engineering to reduce costs and problems 

in manufacturing and assembly.  

Design efforts are mainly consolidated and carried out by 

three types of agencies: practitioners in industries like 

aerospace, organizations like ASTM which publish design 

guidelines and universities and other research 

organizations.  There is an increasing impetus to make 

design rules and tools simplistic enough to be applied by 

customers and end users as well; an illustration is the 

increased use of medical additive manufacturing design 

software by surgeons to design and create implants unique 

and customized to patients.  

 

3. Material and Process Selection (Palmer, 2005): With a 

myriad of companies all over the world involved in this 

disruptive technology, the customer has a problem of 

plenty to choose from, in terms of materials, processes, 

companies and even equipment. Optimization is required 

in terms of cost, schedule and quality, the order of priority 

often changing among the three parameters. There have 

been attempts to use computing power to provide 

consulting solutions but truly effective software, like the 

Cambridge Engineering Selector Suite for conventional 

manufacturing is yet to make its mark.  

 

4. Prototyping and process optimization: This is a process 

(T.A Krol, 2013) carried out in order to validate the 

capability of the technology, process and the machine to 

achieve end-user defined functionality. As defined by 

Systems Engineering (International Council on Systems 

Engineering: SE Handbook Working Group, October 

2011), prototyping could be used for functional, 

demonstration, qualification or operational testing. Based 

on the gap in intended and achieved results, process 

settings are optimized and materials are refined. The rapid 

characteristic of additive manufacturing helps here, for 

multiple iterations can be produced quickly and lessons 

learnt are quicker and more explicit and viewable.  

 

5. Parts Production: It is unlikely that additive manufacturing 

will, in the near future, replace many conventional 

manufacturing methods like injection molding when it 

comes to high volumes, simply based on economies of 

scale. Its effectiveness is really in the vicinity of medium 

to low volume production (Eleonora Atzeni, 2012) 

(between 40~100 units). This phenomenon is reflecting in 

the origin, growth and success of service bureaus catering 

to additive manufacturing, which augment capabilities and 

capacities. It also merits to be highlighted that additive 

manufacturing was once touted to replace conventional 

manufacturing; nowadays, prevalent wisdom suggests that 

the two streams will co-exist and complement each other.  

 

6. Post Processing: Post processing activities are often done 

in order to enhance the surface or strength properties of the 

part, remove any support material or to overcome a typical 

limitation of the additive manufacturing technology. 

Business reasons require that many times, the limitation of 

a particular additive technology be suppressed by extra 

post processing activities. Many products are also used as 

tools and patterns and they would typically require to be 

treated upon, using thermal or non-thermal techniques.  

 

7. Supply and distribution: Additive Manufacturing is 

disrupting traditional supply chain and logistics activities 

with the ability to print parts just in time, reduce the 

number of parts needed in an assembly and hence their 
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movement as well as being close to the customer. 

However, organizations need to closely monitor the cost of 

shipping, which when amortized over fewer parts (for low 

volume production or prototypes) will result in a high cost 

per part, often making the cost of such shipping 

unattractive.  

III. ADDITIVE MANUFACTURING VALUE CHAIN 

A value chain, as opposed to a supply chain (which focuses on 

transactions) is based on the process view of organizations, 

with the manufacturing enterprise being the systems of systems 

(International Council on Systems Engineering: SE Handbook 

Working Group, October 2011), made up of subsystems which 

are systems by themselves and each with inputs, transformation 

processes and outputs. The end service or product always 

drives the value chain. Every link in the value chain determines 

the success of the whole, specifically in terms of the profits 

earned and costs incurred. Although Porter (Porter, 1985) 

distinguishes between primary and secondary activities, this 

paper considers all the links and identifies the key attributes 

required as well as the ecosystems required to fulfil every link 

in the value chain.  

In this fast changing competitive environment, value (Richard 

Normann, 1993) is perceived very differently from 

conventional supply chains in the industrial economy where it 

was predominantly the positioning that a particular company 

took in its activities, covering industry, product and market 

segment. In the digital (and yet industrial!) economy, 

competition is replaced by co-opetition to form a system which 

perceives value from the eyes of the customer by continuously 

changing positions.  

To strengthen the above statement, it was initially thought 

(Reeves, 2008) that additive manufacturing would disrupt 

traditional manufacturing supply chains, making huge plants 

and billions of dollars of investment redundant as well as 

resulting in lay-offs. The changed perception among students 

of this technology is that additive manufacturing will co-exist 

with traditional, subtractive manufacturing and the two will 

complement each other, often co-located and also utilizing 

common infrastructure and skills and offering a unique set of 

value propositions to the customer as well as the company.  

This change in mindset is also accompanied by a significant 

enhancement in the application of digital technologies related 

to software, data and connectivity in industrial manufacturing, 

leading to the genesis of the Digital Factory (Srinath, 2014). 

Manufacturing enterprises are more flexible, efficient, and able 

to resolve problems much quicker and delivery innovation 

quickly. This is because of the following: 

 The extensive use of information and communication 

technologies like the internet of things and cloud 

technology.  

 Increased use of mechatronics for more quick, accurate 

and reliable performance. 

 A combination of Sensors for detection and measurement; 

actuators for movement and control. 

 

The illustration below describes the key links in the Additive 

Manufacturing value chain as well as the attributes critical to 

the success of these links. These attributes can also be 

indicative of the infrastructure or skills required of every link, 

many of them involve the application of digital technologies. 

The table below describes these key attributes and their 

criticality in terms of the parameters which are usually tracker 

to gauge product or project success.  

 

The stakeholders usually involved in each link are shown; it is 

implicit that roles of these stakeholders often overlap, due to 

the requirement of concurrence of activity. Though the links in 

the value chain are shown in a linear fashion, they are often 

iterative and recursive, and a lot of learning and correction 

happens from upstream to downstream and vice-versa. Another 

trend which can be observed is that upstream links are 

reflective of earlier levels of Technological readiness levels 

and downstream links production mirror TRLs which relate to 

application and commercialization of the product.  

 
Figure 1: Additive Manufacturing Value Chain 



                                                              

 

     

 

Process Activity Description Critical 

to Cost 

Critical 

to Quality 

Critical to 

Time 
Assessment Design failure mode effect 

analysis  

Prediction of failure modes and 

effects for a part under focus 
High High Medium 

Intelligent automation  Software which is able to predict the 

suitability of a typical part as a fit 

case for additive manufacturing.  

High High Medium 

Domain Specific Part 

Libraries 

A database of parts chosen as fit for 

additive manufacturing 
High  High  High 

Design and 

Engineering 

Data driven simulation and 

modeling 

Real  time data streams are used for 

better analysis and prediction  
Medium  Medium High  

Reverse Engineering  Develop 3D models from existing 

products and derive details of cost 

and function in order to carry out 

value engineering and value analysis.  

Medium  Medium  High  

Material and 

Process Selection  

Process Capability Database Information about process capability, 

both internally and ecosystem.  
Medium Medium  High  

Materials library database A database of standard and developed 

materials which serves as a ready 

reckoner for projects 

Medium Medium  High  

Prototyping and 

Process 

Optimization  

Small batch manufacturing  This is critical to support customer 

operations in an effective manner High  Medium High  

Process planning specific to 

part, geometry, material and 

equipment 

Optimization of cost, quality and time 

High  Medium High 

Parts Production  Model, open architecture 

based 

Design  complex products and 

improve human-machine interaction  
Medium Medium  High  

Sensor feedback  For establishing a control mechanism, 

which improves in-process quality 
Medium  High  Low 

Process automation  For reduced human errors and 

minimizing human intervention 
Low High  High 

Post Processing Finishing-heat treatment, 

machining, coating 

Often used to enhance product 

surface features and properties of 

strength and resistance to elements 

like corrosion.  

Medium  Medium  Medium  

Inspection-  geometry, 

material and properties 

Capable to use both internally defined 

and customer specified inspection, 

Non-Destructive.  

Low High  Medium  

Supply and 

Distribution  

Customer based distribution 

centers 

Distribution centers close to the 

customer, running on a glocal model 
Medium Medium  High 

Packaging processes Safe and economical packaging for 

handling and transportation 
Medium Medium Medium 

Table II: Attributes of Additive Manufacturing Value Chain and their criticality 

IV. IN-HOUSE VS. OUTSOURCING DECISIONS 

Outsourcing of any product or activity is closely linked 

to the amount of de-specialization and hence 

commoditization it undergoes. What is presently 

considered advanced manufacturing will become 

ubiquitous and will be subject to harsh international 

competition, hence compelling the need for outsourcing 

partially or sometimes fully, the manufacturing activities. 

Some factors (Lucia Cusmano, 2007) which affect 

outsourcing decisions are quality, capacity, adherence to 

schedule, risk of disruption, discounting schemes, 

reliability and flexibility of the suppliers. Advanced  

manufacturing outsourcing further involves IP and its 

protection, ability to source smaller volumes in a cost-

effective manner, the ability to transfer technology and the 

learnability of the Supplier. Improved communication 

technologies have made the storage, encryption and 

transfer of data much easier, enabling even R&D 

organizations to monitor and control suppliers and their 

quality for critical activities. Outsourcing arrangements 

(Kaya, 2007) can be of various types, like risk/revenue 

sharing or profit and cost mechanisms. A checklist 

(University of Cambridge, 2007) of questions is used to 

determine whether an activity can be outsourced. Activities 

in the additive manufacturing supply chain can be 

positioned in the 2x2 quadrant below in terms of strategic 

importance and supplier effectiveness.  



                                                              

 

     

 

 

Figure 2: Outsourcing Decision Mechanism

 
Figure 3 : Outsourcing Decision Quadrant 

 

V. OPEN INNOVATION 

A. Open Innovation Paradigm  

Open Innovation is a new paradigm in business thinking, 

which suggests that companies look beyond their internal 

resources for access to knowledge and ideas, and involve 

partners in their efforts to create greater value for their 

customers as well as themselves. While this idea has been 

prevalent for some time, it was first articulated in its 

present form by Prof. Chesbrough (Chesbrough, 2011) of 

the University of California at Berkeley. Big companies 

like Xerox Parc, IBM and HP have been using this thinking 

to change the way they do business. Open innovation, calls 

for companies to make much greater use of external ideas 

and technologies while sharing their unused ideas with 

others. This requires each company to open up its business 

model to exchange ideas, knowledge and technology. 

B. Open Innovation Business Model  

 
Figure 4: Open Innovation Business Model 

 

A business model generally performs two important 

functions. First, it creates value by defining a series of 



               
 

 

     

 

activities that ultimately delivers a product or service to 

end users. Second, it captures value by maintaining unique 

resources, assets, or positions within that series of 

activities, providing the seller a competitive advantage.  

 
Table III: Benefits and limitations of Open Innovation 

C.  Open Innovation Activities 

1. Platforming: This approach involves developing and 

introducing a partially developed service, for the purpose 

of providing a framework or tool-kit for contributors to 

access, customize, and exploit.  

 2. Idea competitions: This model entails implementing a 

system that encourages competitiveness among 

contributors by rewarding successful submissions.  

3.  Customer immersion: While mostly orientated towards 

the end of the product development cycle, this technique 

involves extensive customer interaction through employees 

of the host organization.  

4. Collaborative design and development:  Similarly to 

product platforming, an organization incorporates its 

contributors into the development of the product but still 

controls and maintains the eventual products developed in 

collaboration with their contributors..  

5. Innovation networks:  An organization leverages a 

network of contributors in the design process by offering a 

reward in the form of an incentive. 
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