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ABSTRACT

The business impact of additive manufacturing is poorly understood. Additive manufacturing is seen 
as a disruptive technology although it is a strategic business intervention that needs to be driven 
from the CEO. For business to understand and implement additive manufacturing success fully, it is 
important that an integrated model exist indication all the relationships of the key activities that 
needs to be aligned.  This paper suggests such a model and then indicate through the use of case 
studies how 3 different additive projects were conducted.
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1. INTRODUCTION:

The business impact of additive manufacturing is poorly understood [1] [3]. The challenge therefore 
is for firms to understand how to best leverage the technology in new business models alongside 
their existing models. Disruptive technology can’t be imposed onto an existing business model as a 
replacement of, or as a complement to, existing technology in a business-as-usual approach [13].
Although for successful implementation of additive manufacturing there should be a paradigm shift
[11]. This paradigm shift should result in the increasing understanding of products as individual 
solutions and not only a functional component and therefore industrial value creation faces 
considerable changes. A requirement for the implementation of additive manufacturing based 
business models is the availability of fully developed additive manufacturing techniques and an 
understanding of the impact of the interrelationship between the key elements of a business [6]. 
The discussion about additive manufacturing starts in companies on the production floor and this 
bottom-up approach creates a perception by management that additive manufacturing is limited to 
production. Additive manufacturing is in actual fact not just a technology confined to one area of 
the business but is a strategic game changer [2]. It is not just a manufacturing strategy but it is an 
enterprise strategy and therefore the CEO must drive the initiative of implementing additive 
manufacturing due to the fact that additive manufacturing will effect multiple parts of the business. 
Embedded economic concepts and structures that create value in current business models will be 
challenged [3]. Additive manufacturing changes not only how products are made and the materials 
that can be used but also how they are designed and distributed [28], thus its impact will be broad 
and extend beyond those enabled by the technical capabilities of the technology [13].
In order to understand the impact of additive manufacturing on the business, it is important that a 
comprehensive list of all the aspects that will be effected by adopting additive manufacturing as a 
strategic initiative is compiled [6]. This paper will present such a list and then elaborate on this list 
with case studies that will indicate what role AM has played in the transition process to create 
business understanding and adoption.

1.1 Research Questions

1.1.1 The first research question that needs to be answered is why is the adoption of Additive 
Manufacturing in the spare part provisioning system slow?

1.1.2 The second research question is what are all the components in the business that will be 
impacted by the adoption of Additive Manufacturing in the spare parts provision system?

1.2 Method
A literature research and case studies will be used to determine the answer to the first 
question. Further literature studies will be used to research the key components that will be 
impacted in a business through the adoption of Additive Manufacturing.
The intended output of the research will be an integrated list of all the key components that 
will be influenced in the business when adopting Additive Manufacturing for spare parts 
provisioning in the business.
Case studies will then be compiled indicating how the adoption of Additive Manufacturing 
impacted these key components in the model when adopted in the spare parts provisioning 
system.

2. LITERATURE STUDY

Since AM leads to changes in process and product structures, new requirements regarding the 
business activities will have to be explored and understood [1][3]. It is now possible to do cost 
effective prototyping and then to convert the prototype into a service part through additive 
manufacturing. User innovation can then be supplemented by user manufacturing that will 
contribute to changing the culture of the organization to an innovative and participative culture. 
There must be buy in from the CEO [8] and adoption and empowerment from the bottom to ensure 
a successful additive manufacturing implementation. In this new environment winners will be 
organizations that think first about their business model innovation rather than the specifics of 
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additive manufacturing technology [12]. Successful companies repeatedly reinvent themselves by 
creating new business models that leverage these changes in disruptive technology with the view of 
increasing the value of the offering and ensuring they can capture this value commercially. 

To translate strategies into action one needs new tools, new talent and a new mindset [4] [5]. In 
the literature there are different aspects to take into account when implementing additive 
manufacturing. There is a framework for the implementation of additive manufacturing based on a 
literature research of 116 articles. [6]. This research summarizes the current knowledge on additive 
manufacturing within management and business research and propose future research in relation to 
business models for additive manufacturing. In this article the authors indicated that:

“There is an indicated shift from positive connotations to increased questioning of the entrance and 
meaning of additive manufacturing in the production systems of tomorrow. What is not considered 
is how individual companies, given their supply chain position, change or need to change their 
positions but also competencies to meet those challenges and opportunities that additive 
manufacturing may bring about. Changes to how various activities are linked are seldom described, 
which could imply that additive manufacturing is viewed from the lens of traditional manufacturing” 
[6].

It is therefore important for the successful implementation of additive manufacturing that there is 
an understanding of the aspects that affect the successful implementation of additive manufacturing 
at business level and how these components interrelate [24]. The present literature gives a good 
overview of effects on production, but less often links to the entirety of the company and the 
internal as well as external interactions.[6]. 

Yet there is not a comprehensive guide line that can form the bases of new business models to 
ensure companies understand the hard and soft issues that needs to be addressed when 
implementing additive manufacturing [14]. Studies on additive manufacturing and its impact on 
business models are thus scarce. More empirical work is needed, moving knowledge away from 
scenarios and into how 3D printing in fact affects current businesses on the company level. 

3. INTEGRATED ADDITIVE MANUFACTURING BUSINESS IMPACT

Table 1 indicates the key components that will be impacted when a company embarks on a journey 
to implement Additive Manufacturing as part of their spare parts provisioning strategy

Key Element Literature research
Culture [3][8][9][11][12][14][15][23]
Leadership [2][3][8][9][12][16][29]
Eco system [4][15][21][24][28]
Quality Assurance [17][18]
Environmental [4][10][15]
IT [3][8]13][21]
Risk management [4][6][19][21][24][28]
Component Design philosophies [10][19][23][24][28][29]
Sales strategies [3][4][6]
Asset strategies [3][28]
Maintenance strategies [7][24][26][27]
Supply Chain [3][4][5][10][28][29]
HR/Structures [24]
Procurement [24][25]
Safety [20][21][22]
Finance [6][11][21][28][29]
IP/Legal [10][21][23]

Figure 1 indicated the relationship between the different components.
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Figure 1 – Additive Manufacturing Business Impact source -

Additive manufacturing requires a culture of innovation and creativity and the core of this new 
culture is the leadership style in the organization [9]. As long as additive manufacturing is viewed 
as a disruptive technology, people will evaluate additive manufacturing along the basket of 
disruptive technologies and might make the wrong investment decisions based on the limited 
understanding of additive manufacturing [29].
Only when additive manufacturing is seen as a strategic game changer and the understanding is 
created of the true impact of additive manufacturing on the business as indicated in figure 1, only
then can additive manufacturing being explored and implemented to the full extend [28]. One of 
the key aspects that contributes to the slow adoption of Additive manufacturing is the fear of 
breaking the traditional boundaries and to allow for new thinking. Most of the research regarding 
the safety impact of Additive manufacturing, focuses on how to practice Additive manufacturing 
safely. Additive Manufacturing can create a safety culture in the organization and many new safety 
features can be introduced in the workplace that was no possible before due to the cost of traditional 
manufacturing where the focus is on lot sizes to create economy of scale and a once off requirement 
to solve a problem was too expensive. 
The following case study will elaborate on how 
In the next section case studies will be used to indicate how additive manufacturing can play a vital 
role to transform a business.

4. CASE STUDIES

4.1 Industrial manufacturing company

Figure 2 –Business Impact of Additive Manufacturing in case study 1
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4.1.1 Purpose

The purpose of this case study is to indicate how additive manufacturing can be the catalyst for the 
transformation in the company and why it is important to have a top down leadership approach when 
adopting additive manufacturing as a strategy. 

4.1.2 Leadership

Successful implementation of Additive Manufactured spare parts rely on buy in from senior 
management. This will ensure that the business strategies are aligned and adjusted to include 
Additive Manufacturing as part of the business strategies. In this case study there was initially limited 
support for the adoption of additive manufacturing due to the lack of understanding of the value 
that Additive Manufacturing can unlock. Only after in excess of 170 spare parts were replaced in one 
year by Additive manufactured parts, did Senior Management start to indicate their support for this 
new program. The business impact of this intervention ensured that an 18% saving was achieved on 
the maintenance budget in the 1st year.

4.1.3 Culture

Additive Manufacturing can play an important part to change the culture of an organization. As more 
and more parts were replaced by additive parts, more people became aware of the value of the new 
technology. This created an innovation drive since new ideas could be prototyped, tested and then 
a commercial component could be printed. 
One of the operational teams required a component that could assist them to improve the workflow 
and lay out of their workspace. They had an idea and requested the design of a component that 
works on the bases of a dog feeder. The component was designed and prototyped. After a few 
iterations, the final part was printed and implemented. This resulted in a 5% improvement in 
productivity that was wasted in the past due to set up at the start of the shift and cleaning at the 
end of the shift. After this implementation, many new creative ideas came forward to improve the 
operations. 

4.1.4 Safety

Additive manufacturing can help to improve the safety culture of the organization. One of the high 
pressure air hoses dislodged and caused an injury. A clip was designed to prohibit the air hose to 
dislodge since the back pressure will grab the pipe. These clips could never be manufactured with 
conventional manufacturing and they were fitted every 500mm along the high pressure line.

4.1.5 Procurement

The parts that were designed and printed with Additive Manufacturing are being printed on demand 
and does not have to follow the normal procurement and replenishment process. These parts can be 
printed at any bureau that forms part of the eco-system.

4.1.6 Supply Chain

Localization is one of the key benefits of Additive Manufacturing. A number of the parts that were 
replaced by Additive parts were imported in the past. On some of the components part consolidation 
was applied and that reduced the number of spares required by close to 5%. Less warehouse space 
is required due to keeping the parts in the electronic warehouse.

4.1.7 Maintenance strategy

Additive manufacturing improves the reliability of equipment due to part consolidation that will 
reduce the number of components that can fail. One of the components was redesigned. Before the 
implementation of the additive enhancement, the component had to be replaced every 3 months 
and the time to replace the component was 4 hours. After the additive enhancement, the part was 
not replaced for more than 12 months and replacement will only take 5 minutes. The maintenance 
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strategy changes from only focussing on the components to a redesign of the total system to enhance 
the reliability of the total system.

4.1.8 Asset Strategy

When assets near the end of its use full life, the assets had to be replaced due to the cost of servicing 
the equipment and also the unavailability of spares. With Additive Manufacturing, the required 
spares are redesigned and improved and the use full life of the equipment is extended.

4.1.9 Sales strategy

Some of the components that that were designed and implemented in the plant, could also be sold 
to other users. This created a new market and some of the components were exported as well.

4.1.10 Design philosophies

Subtractive manufacturing is part of production for many years                                                               
and dictated the way components were manufacturing and that limited the creativity of designers. 
With Additive Manufacturing, complexity is free and therefore components could be redesigned to 
allow for part consolidation and improved functionality.

4.1.11 Risk management

One of the reasons for the slow adoption of Additive manufacturing is that the risks associated with 
Additive manufacturing is not well defined. When embarking on the Additive Manufacturing route 
companies should use the integrated diagram as depicted in figure 1 to compile a risk matrix and
create an understanding of what is required to manage on their journey to success.   
4.1.12 IT

The impact on the IT system is the creation of the e-warehouse and integration of the eco-system. 
In this particular implementation the e-warehouse was created on MS Excel since there was no 
strategy in place to create the e-warehouse.

4.1.13 Environmental

Most of the Additive components can be recycled. Additive manufactured components reduces the 
carbon footprint of the supply chain significantly since parts are printed at or close to the point of 
consumption. There is limited physical movement of the components between the point of origin 
and the point of consumption.

4.1.14 Quality Assurance
                                                                                                                                                                                                                                                          
Numerous standards for quality assurance on 3D printed components are developed by ASME and 
other quality assurance companies. A list needs to be compiled of all the elements that require 
quality assurance. Quality assurance can also be performed in the simulation software where a good 
understanding can be created of how the component will react to applied forces.

4.1.15 Eco system

A thorough understanding is necessary of how to conduct business in the new eco-system and how 
to dynamically identify the different role players. The eco-system will also require a different 
leadership style in the organization.

4.1.16 IP/Legal

New creative ideas can come from everywhere in the eco-system. To protect the IP embedded in 
the designs will be challenging. Some of the components that were used in the plant was patented
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by the technology partner. On a recent visit to the plant by the technology partner they wanted to 
know who granted the permission to change some of the designs. 
When the reason behind the design changes were discussed, they could understand that the 
improved Additive designs allowed for significant process improvements and requested that these 
new designs had to implemented in their plants as well. The original IP was with the technology 
partner but due to the design freedom imbedded as part of Additive manufacturing, the designs 
could not be digitalized but also significantly improved.

4.1.17 Finance

Significant cost savings can be materialized by the implementation of Additive Manufacturing. The 
financing of the scanning, printing and post processing equipment to create the components will be 
come part of the budgets going forward. Obsolescence of components will be eliminated since all 
the components are kept in the e-warehouse and only strategic spares will be kept at the plant for 
quick replacement.

4.2.1 Case study 2

The question that needs to answered by this case study is if the materials available for Additive 
Manufacturing can replace traditional materials and improve the performance.

4.2.2 Material replacement

The component that was investigated is an agitator on a bulk liquid tank. The product starts off as 
a slurry and the agitators needs to mix the  product while more liquid is added. Figure 3 is an 
indication of the original Stainless steel agitator.

Figure 3 – Stainless steel agitator

This agitator was replaced with an agitator that was designed and printed in PEEK 
(Polyetheretherketone). Figure 4 is an indication of the newly designed and printed agitator.

Figure 4 – Additive printed agitator with new design

The new component is significantly lighter than the original component as well as improved 
balancing that will reduce the wear and tear on the bearings. It is also expected to last longer due 
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to the compatibility of the printed material with the product. When this article was compiled, the 
components were handed to production to start the evaluation. These components were printed by 
3Disrupt

4.4 Case study - Asset strategy

4.4.1 Goal of the case study

The goal of the case study is to indicate how Additive manufacturing and the available simulation 
software can assist in resolving a failure on a valve and therefore extend the life of the equipment.

4.4.2 Background to valve

Figure 5 Failing valve

The valve in figure 5 was failing on a regular basis and had to be repaired at a significant cost. There 
was no indication why this valve failed and it was contributed to the abrasive nature of the product 
that caused wear in the valve and then caused the valve to leak. It was decided to simulate the 
forces on the valve in order to determine what the cause of the failure was. Figure 6 is an indication 
of what happened to the valve when forces are applied to the valve. 

Figure 6 – Load configuration on valve  - closed position(Courtesy of Altair)

It is clear that the extreme pressure on the valve in the closed position causes a deformation of the 
valve around the core and that this could be the reason for the failure of the valve and that caused 
the valve to leak. 

A component was designed and printed that could strengthen the valve around the core.
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5 CONCLUSION

The integrated platform presented in figure 1 will assist organizations to plan and understand the 
strategic impact of additive manufacturing on their organizations and to design and build their 
business models. Additive manufacturing must move beyond a solution to rapid prototyping to a real 
strategic, disruptive business strategy. Companies that adopt additive manufacturing in their 
businesses and start to embrace the new eco-system will reap the benefits in adjusting their business 
models early on.
Although the case studies were implemented from the bottom up, the early acquainting of the 
technology and how it can change the business environment for the better created a platform from 
where other entities in the business starts to enquire about the possibilities to solve their problems 
as well. This will then drive the change required in the culture of the organization to an innovative 
and participative culture. Soon leadership will not be able to resist the tide and complete 
understanding will take place that will position additive manufacturing as a strategy in the company 
and not just another technology.
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