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Abstract  
 
Background:  The 3D printing technology has from its birth in the late 1980’s evolved 

from an emerging technology to being described as one of this decade’s 
most significant developments. 3D printing has the potential to impact 
global logistics and has implications for supply chain management by 
changing the way products are being designed and manufactured. Spare 
parts have been appointed as a highly interesting area for 3D printing due to 
its market’s significance and complexity. Even though the technology has a 
rapid development and provides opportunities for companies, it still holds 
several limitations. Due to the limitations of the technology, but also spare 
parts diversity, not all parts are suitable for 3D printing. 

  
Purpose:   The purpose of the thesis is to develop a spare parts classification for 3D 

printing suitability. The aim of the classification is to enhance decision 
making in companies by showing what types of spare parts that are suitable 
for the technology. In order to fulfill the purpose, a two-dimensional 
approach is adopted. Firstly, by investigating what characteristics that make 
spare parts suitable to consider for 3D printing. Secondly, by studying what 
3D printing limitations that need to be taken into consideration for printing 
spare parts. 

 
Method:  In order to fulfill the purpose of the thesis, a qualitative study is conducted. 

The methodology of grounded theory is chosen to be able to build new 
theory in a systematic way. As for the phase of data collection, the study 
includes ten semi-structured interviews. In analyzing the empirical data, the 
thesis is following the process of grounded analysis. 

 
Conclusion:  The main contribution of the thesis is the spare parts classification for 3D 

printing suitability. The classification is developed based on the conclusions 
of what characteristics make spare parts suitable for 3D printing, as well as 
what limitations of the technology that need to be considered. The 
classification illustrates that spare parts with low output in terms of total 
logistics costs, object size, material requirements, strength requirements and 
surface finish are most suitable for 3D printing. The results also show that 
due to current limitations of 3D printing, only a small number of spare parts 
are suitable to print. 
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1. Introduction 

______________________________________________________________________ 

This chapter gives an introduction to the topics of 3D printing and spare parts. The reader is provided with 

a general background followed by the research problem, purpose and research questions. Finally, the 

delimitations of the thesis are presented. 

______________________________________________________________________ 

1.1 Background 

Technological change is an important driver of economic growth and global development 

since it enables new products, processes, structures and organizations to prosper (Dicken, 

2011). As stated by Freeman (1988, p.2) technological change could be described as “a 

fundamental force in shaping the patterns of transformation of the economy”. Innovations and new 

methods of production have the ability to cause profound changes in society (Dicken, 

2011). This ability has been reflected through the industrial revolutions, which have had a 

large impact on manufacturing and by extension, society as a whole. In the first industrial 

revolution, taking place in the late 18th century, the world was introduced to steam power, 

which led to the mechanization of manufacturing (Durao, Christ, Anderl, Schutzer & 

Zancul, 2016). In the late 19th century, the second industrial revolution took place with 

electrification and division of labor as core developments. These preceding industrial 

revolutions have leveraged economies of scale and scope, reducing cost of production, lead 

times and increasing productivity. The third industrial revolution began in the 1970’s and is 

referred to as the era of digitalization, having enabled automation of manufacturing 

processes (Durao et al., 2016).  

 

An innovation recognized as part of the third industrial revolution is 3D printing. The 

technology uses a computer-integrated method for producing three-dimensional solid 

objects with a layer by layer method (Khajavi, Partanen & Holmström, 2014). Instead of 

producing an object by subtracting material from a workpiece, which is the case for many 

conventional manufacturing processes, 3D printing uses an additive production method to 

build up an object (Campbell, Williams, Ivanova & Garrett, 2011). From its birth in the late 

1980’s, 3D printing has evolved from an emerging technology, to being described as one of 

this decade’s most significant developments (Manners-Bell & Lyon, 2012), being compared 

with such breakthroughs as the Personal Computer (PC) and the Internet (Campbell et al., 
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2011). In 2015, the 3D printing industry exceeded five billion dollars, showing an annual 

growth rate of 25.9 percent that year (McCue, 2016). These numbers are presented in 

Wohlers Report 2016 where the extensive growth is partly explained by the increasing 

number of manufacturers of industrial 3D printers. In the year of 2011 industrial 3D 

printers were manufactured by 31 companies, a number that has increased to 62 

manufacturers in 2015 (McCue, 2016).  

 

3D printing presents opportunities due to its inherent characteristics, described by 

Holmström, Partanen, Tuomi and Walter (2010) as: 

• no tooling is needed  

• capability in quick design changes 

• capability to produce complex geometries 

• potential to simplify supply chains by shortening lead times and lower inventories 

• possibility to produce small batches or batches of one economically, enabling mass 

customization 

By extension, 3D printing has the potential to impact global logistics and has implications 

for supply chain management due to these characteristics (Mohr & Khan, 2015). The 

technology has been identified as one of the significant current supply chain trends. For 

example, by DHL (2016, p.1), which identifies it as “one of the major disruptive trends to impact 

the logistics industry in the near future”. 3D printing has been labeled as ‘disruptive’ due to its 

potential to affect the global economy by changing the way products are designed and 

manufactured (Campbell et al., 2011). Possible effects of the 3D printing technology are 

the creation of new business models, reduced complexity and distances in supply chains, 

reshoring, and reduction of established scale and scope advantages (Sasson & Johnson, 

2016; Campbell et al., 2011; Garrett, 2014).  

 

Production of spare parts has been appointed as a highly interesting area for 3D printing 

(e.g. Berman, 2012), as the technology presents opportunities for substantial gains due to 

the spare parts market’s significance and complexity. Spare parts supply has grown to 

become a highly important market for companies (Wagner, Jönke & Eisingerich, 2012). An 

example from the machine and plant construction industry states that after sales represent 

approximately 25 percent of total sales (spare parts constitutes two-thirds and services one-
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third) and contribute up to 50 percent of total profits (Wagner et al., 2012). The demand 

for after sales, including spare parts supply, has increased due to geographically distributed 

markets and increased product variety (Durao et al., 2016). Scattered markets trigger the 

need of establishing several points of inventory to serve customers and an extended 

product portfolio directly increases the number of spare parts that need to be held in stock. 

In general, customers have high expectations on the availability of spare parts and a 

company that succeeds in their spare parts management could gain benefits such as long-

term customer loyalty, greater customer value, lower costs, differentiation from 

competitors, and increasing revenues (Wagner et al., 2012). These potential benefits imply 

that spare parts management will ultimately impact company’s profit.  

 

Spare parts management could bring benefits for the company but due to the complexity 

of the market this has proven to be a major challenge. The main issues are (Durao et al., 

2016; Khajavi et al., 2014): 

• the uncertainty of demand (typically volatile demand, which is difficult to forecast) 

• the diversity of items 

• geographically distributed markets 

The consequence of these issues is often high levels of inventory. In a traditional supply 

chain structure, spare parts cause a high cost of inventory based on the number of stock 

keeping units and number of warehouses (Khajavi et al., 2014). There is often a need to 

place warehouses nearby customers in order to be able to serve those customers effectively. 

The high levels of inventory cause high cost of carrying inventory, warehousing costs as 

well as obsolescence costs. The ongoing aim of spare parts management is to reduce these 

costs while maintaining a certain service level to customers (Khajavi et al., 2014). 

 

The application of 3D printing in the area of spare parts aims to resolve the fundamental 

challenges within spare parts management and is therefore regarded as a highly interesting 

area for companies. Today's research points at spare parts as one of the first probable areas 

that will be disrupted by the technology of 3D printing (Berman, 2012; DHL, 2016; Gebler, 

Schoot Uiterkamp & Visser, 2014). Even so, there is only a limited number of companies 

that have started to apply the technology on spare parts production. By implementing 3D 

printing of spare parts, companies could generate both efficiency improvements as well as 
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cost reductions (O’Brien, 2014). The technology makes it possible to reduce high levels of 

inventory and related costs by printing on demand (Campbell et al., 2011). Further, 3D 

printing enables manufacturers to provide their customers with the full range of spare parts 

without having all of them in stock and risk costs of obsolescence. The technology can also 

serve well as a complement to regular production, where certain spare parts are highly 

disruptive when produced on the same production line as the rest of the products (Sasson 

& Johnson, 2016). Lastly, the technology can move the production closer to the consumer, 

which will help to reduce customers repair time and increase the service level (O’Brien, 

2014). 

1.2 Problem 

As reflected in the previous section, 3D printing has the potential to contribute to 

substantial gains in the spare parts market. Even so, two aspects complicate the situation. 

Firstly, not all types of items are suitable to produce using this technology (Lindemann, 

Reiher, Jahnke & Koch, 2015). Secondly, grouping ‘spare parts’ as one unified group of 

items is problematic in this context, since reality is much more complex. These two aspects 

indicate that companies’ spare parts assortment can be quite diverse and that there is no 

assurance that all items would be suitable for 3D printing. This leads us to raise the 

question of ‘what types of spare parts are suitable to print, and consequently, which are 

not?’ 

 

Previous research in 3D printing of spare parts has to a large extent focused on the 

potential advantages the technology could bring, in comparison with conventional 

production methods, but also highlighting current limitations (Berman, 2012; Holmström 

et al., 2010). Other publications have focused on what implications 3D printing would have 

on spare parts supply chain structure, considering centralized versus distributed production 

of spare parts (Durao et al., 2016; Khajavi et al., 2014; Holmström et al., 2010). To our 

knowledge, no previous study has focused on the combination of 3D printing and spare 

parts classification. Separating ‘spare parts’ from a unified group to a classification based on 

its characteristics serve to emphasize the diversity of spare parts which we believe could 

have implications for 3D printing suitability. Further, by acknowledging limitations of 3D 

printing we aim to highlight the current state of the technology and what factors need to be 

considered prior to an implementation. Due to the emergent phase of 3D printing, 

investigating this gap is highly relevant. Companies that are interested in applying the 
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technology in their spare parts production will have to ask themselves what types of spare 

parts are suitable for 3D printing, and consequently, which are not. To improve and 

facilitate such decision making, it is important to be aware of the diversity of spare parts, as 

well as current limitations of the 3D printing technology. This motivates the need to 

develop a classification where these two aspects are merged.  

1.3 Purpose and Research Questions 

The purpose of this thesis is:  

 

to develop a spare parts classification that will serve as a tool for decision making in 3D printing 

implementation. 

 

Previous research is clearly reflecting possible advantages of the 3D printing technology. 

Even so, the adoption of 3D printing for spare part production is low, which indicates the 

need for a tool that supports companies in overcoming challenges in implementation. The 

spare parts classification will constitute an incremental step in reaching the potential 

benefits. With regards to fulfilling the research purpose, two research questions were 

derived to form the focal point of this master thesis. 

 

RQ1: What characteristics make spare parts suitable for 3D printing? 

RQ2: What 3D printing limitations need to be considered for printing spare parts? 

 

To fulfill the purpose of the thesis, a qualitative study will be conducted, based on the 

grounded theory methodology. In such an approach an interactive use of previous research 

and empirical data will be used. Therefore, the upcoming chapter will focus on previous 

research within 3D printing and the topic of spare parts, and constitute the frame of 

reference of the thesis. The third chapter describes the methodological choices for data 

collection and analysis and includes discussions of research quality and research ethics. 

Empirical findings derived from interviews are presented in chapter four, and further 

analyzed in chapter five. Lastly, chapter six and seven are finalizing the thesis by presenting 

the conclusions and discussing their implications for academia as well as practitioners.  
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1.4 Delimitations 

Spare parts are commonly distinguished into two different areas in regard to their primary 

use: for internal use versus after sales (Storhagen, 2011). The first area refers to spare parts 

that are used to support the failure of equipment in a company’s own production plant, 

while the latter refers to spare parts directed towards customer to serve final products. This 

thesis will focus on spare parts to customers due to the significance of the after sales 

market and its characteristics described in section 1.1 and 1.2. Further, this decision has 

been made to ensure the quality of empirical data and the possibility to generalize the 

results. With consideration of the time frame of the thesis project, it is our perception that 

a focus on both perspectives will jeopardize the quality since the two different areas of 

spare parts often are managed by different departments in companies. Conducting a study 

with a focus on both areas would require a lot more collection of data, to reach a credible 

result. Further, due to the different contexts of the two areas, the phase of interpreting and 

analyzing the empirical data would be difficult. By only focusing on one perspective, we 

will be able to gain more in-depth knowledge, and in the end, make a more valuable 

contribution.  

 

For the empirical study, all participating companies are located in Sweden. The reasons are 

to more easily gain access to respondents as well as facilitate face to face interaction. 

However, all companies are global actors, which indicate that the conclusions of the thesis 

are not limited to the Swedish market. 

 

This study will be conducted in the area of business administration and thus assumes a 

business-oriented perspective. Comprehensive explanations of highly technical terms and 

concepts are not the main focus. In order to obtain deeper knowledge concerning those 

aspects, we refer to studies conducted in the area of engineering that might be more 

suitable. 
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2. Frame of Reference 

The purpose of the following chapter is to provide the reader with an increased knowledge of spare parts and 

3D printing, with relevance to the purpose of the thesis. The frame of reference has been composed by 

studying previous research on the two topics. The concepts are initially presented separately but are merged in 

the final section to discuss the suitability of 3D printing for spare parts. 

2.1 Spare Parts 

Over the last decades, a shift has occurred where producing companies have moved from 

being mainly product-oriented to develop a more service-oriented approach towards their 

customers (Vargo & Lusch, 2004). An aspect of this development is an increased customer 

focus, where companies have realized the importance of building long-term business 

relationships. By providing services to their customers, companies could differentiate 

themselves from competitors and lengthen customer relationships (Brax, 2005). As stated 

by Gutek, Gioth and Cherry (2002) creating relationships, in contrast to a sole transaction, 

is a necessity to make customers come back for another purchase. Customer retention, 

meaning customers returning for repeat business over time, is beneficial for companies 

since it is less costly to maintain existing relationships than gaining new ones (Mandina & 

Karisambudzi, 2016). Existing relationships require less effort in terms of marketing and 

relationship building (Saccani, Johansson & Perona, 2007), and could bring a reduction in 

operational costs and referrals (Mandina & Karisambudzi, 2016). These aspects imply that 

maintaining existing relationships is more profitable. 

 

After sales, including spare parts distribution, is a service of strategic importance to 

maintain relationships and achieving a long-term profit source (Saccani et al., 2007). 

Wagner et al. (2012, p.69) define spare parts logistics as follows: “Spare parts logistics of the 

manufacturer contains the market-orientated planning, design, realization, and control of the spare parts 

supply and distribution, along with associated information flows within a firm and between the firm and its 

network partners”. Providing after sales services gives companies the opportunity to influence 

and develop relationships by facilitating extended interaction with the customer (Brax, 

2005). Therefore, an effective spare part management is impacting the level of customer 

retention and the possible benefits. Gaiardelli, Saccani and Songini (2007) state that after 

sales could serve as a key differentiator for companies and point out global competition 

and decreasing profits from sales of finished products as the main reasons for after sales’ 

increased significance. Also, Johansson and Olhager (2004) identify downstream efforts in 
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after sales and spare parts as relevant for improving a company’s profitability. After sales 

may account for 50 percent of a company’s total profits (Wagner et al., 2012), and manage 

spare parts logistics is of big importance for original equipment manufacturer's after sales 

services (Gzara, Nematollahi & Dasci, 2014). The market for after sales is generally many 

times larger than the market for finished products. In industries like automotive, industrial 

machinery and information technology, the market for after sales might be four to five 

times larger (Cohen, Agrawal & Agrawal, 2006). As discussed above, and as stated by 

Saccani et al. (2007), after sales constitute a critical task in reaching a high level of customer 

retention. 

 

Despite the proved importance of spare parts, companies tend to neglect this service 

(Bacchetti & Saccani, 2012). It is common that the same management techniques for 

finished products or components used in production, also are adopted for spare parts. One 

reason why companies tend to overlook spare parts management is due to the parts’ 

specific characteristics and their intrinsic challenges. However, by making small 

improvements companies can make substantial cost savings (Syntetos, Keyes & Babai, 

2009). In the following section, characteristics and challenges of spare parts are in focus. 

2.1.1 Spare Parts’ Characteristics and Challenges 

Management of spare parts is considered to be more complex in comparison to finished 

products, due to its inherent characteristics (Cohen et al., 2006). The special characteristics 

are causing challenges regardless of industry sector and company size, even though the 

situation in larger organizations may be more complex due to a highly-varied assortment, 

large differences in value, service levels to customers and demand patterns (Syntetos et al., 

2009).  

 

One of the main characteristics of spare parts is the demand patterns, typically low demand 

rates with high volatility (Baccetti & Saccani, 2012). Boylan and Syntetos (2010, p. 227) 

describe the demand patterns as intermittent in that “They are characterized by sequences of zero 

demand observations interspersed by occasional non-zero demands”. Further, when the demand for 

spare parts occurs, it is often highly varied in demand size. The combination of an 

intermittent demand and high variation in demand size is labeled ‘lumpy’ (Boylan & 

Syntetos, 2010). The aspects of demand occurrence and size are causing challenges, and 

figure 1 illustrates the demand patterns with regards to the two aspects. Further, a major 
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issue is the high uncertainty of demand, both in terms of variability and rate (Khajavi et al., 

2014). This uncertainty is caused by that the demand is affected by the failure of finished 

products, which the spare parts are supporting. This means that the demand for spare parts 

typically is unexpected and extremely sporadic (Cohen et al., 2006; Huiskonen, 2001). 

Factors such as failure rate, product use and maintenance at the customer’s site are 

impacting the demand for spare parts (Wagner et al., 2012). The uncertainty of demand is 

further increased in the case of new product launches where data for failure rate and 

historical demand is missing (Khajavi et al., 2014; Bacchetti & Saccani, 2012).  

 

 

Figure 1. Demand pattern for spare parts. Source: Boylan & Syntetos (2010, p.228). 

Furthermore, the variety of parts is a characteristic of spare parts that contributes to a high 

complexity (Knofius, van der Heijden & Zijm, 2016; Durao et al., 2016). The number of 

items in a spare parts assortment is generally many times more extensive than a company’s 

assortment of finished products. Cohen et al. (2006) state that spare parts often constitute 

20 times the number of stock keeping units managed by the manufacturing department. 

The need to provide spare parts to cover both previous product generations as well as new 

ones magnifies the number of items that need to be held in stock (Khajavi et al., 2014). 

Furthermore, the extension of product life cycles is causing that firms need to provide 

spare parts for an increasing number of finished products. As the cycles of product 

innovation and production have become shorter and the technical life cycles of products’ 

have become longer, companies’ spare parts assortment has widened since companies need 

to provide their customers with spare parts for old products as well as new ones (Wagner 

et al., 2012). For some industry sectors product lifecycles are quite long. For example, 

0

10

20

30

40

50

60

70

80

Intermittent and Lumpy Demand Patterns

Slow Demand Lumpy Demand



 

 10 

machines for manufacturing can last decades (Knofius et al., 2016). In those cases, spare 

parts provision serves a highly complex and important function. Considering total lifecycle 

costs of capital goods, over 60 percent may be connected to spare parts management 

(Öner, Franssen, Kiesmüller and van Houtum, 2007). 

 

Lastly, a characteristic of spare parts is that customers have high expectations on availability 

and responsiveness. The reason for this is that the part often is critical for the customer, 

and its absence can cause system downtime, which brings high costs (Knofius et al., 2016). 

This is particularly true for manufacturers of high-technology machines, or other markets 

where customers are dependent on the products for daily operations, therefore expecting 

high quality and fast service (Gzara et al., 2014). Further, geographically distributed markets 

are contributing to increased complexity when companies are trying to satisfy customers’ 

expectations and are therefore regarded as one of the main issues in managing spare parts 

(Durao et al., 2016).  

 

The ultimate challenge and aim of managing spare parts is to deliver high customer service 

at the lowest cost possible for the company (Khajavi et al., 2014). These two parameters are 

constituting a balancing act between having a high responsiveness to customers versus the 

cost of keeping a vast amount of stock. Costs of carrying inventory, warehousing, 

obsolescence, and safety stock need to be weighted with costs of stock outs. In managing 

spare parts there is a challenge to decide inventory levels as well as the number of locations. 

Jouni, Huiskonen and Pirttilä (2011) state that component value and demand variability are 

two important factors when deciding inventory policies for spare parts. Spare parts with 

stable and continuous demand are the easiest types to manage from an inventory point of 

view. Standardized methods can be applied accurately due to the stable demand. However, 

all spare parts are rarely characterized like this. According to Knofius et al. (2016), the 

presence of slow movers with high value are typical for spare parts, and those features 

cause big challenges in inventory management. The low turnover rate is increasing the risk 

of obsolescence, and costs associated are considered a major issue for slow-moving spare 

parts (Khajavi et al., 2014). Parts with high value and sporadic demand, as well as high-

value parts with unstable but continuous demand are the most challenging ones to handle, 

and the goal should be to reduce the variance related to these parts (Jouni et al., 2011). 
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Furthermore, reaching a high accuracy in forecasting is difficult due to the characteristics of 

demand for spare parts, which complicates the planning. Sporadic supply of low volumes 

disfavors the buying company since it gives a weak position of negotiation and often causes 

high procurement costs (Roda, Macchi, Fumagalli & Viveros, 2014). It may also be the case 

that the buying company is obliged to procure a certain volume, which needs to be kept in 

stock and causes costs. Further, it might be the case of disruptions in supply when a 

supplier decides that the production of a low volume part is no longer economical 

(Knofius et al., 2016). The uncertainty of demand also leads to high levels of inventory in 

more locations to be able to reach a certain customer service level (Khajavi et al., 2014).  

2.1.2 Spare Parts Classification 

Classification is about organizing phenomena based on different patterns (Clary & 

Wandersee, 2013). Spare parts management is considered a complex task since it often 

involves managing a highly diverse assortment. To manage spare parts effectively, Bacchetti 

and Saccani (2012) stress the importance of an integrated approach for spare parts 

management. This integrated approach emphasizes the relation between spare parts 

classification, demand forecasting, and inventory management. Due to the diversity of 

spare parts, there is a need for different management techniques (Wagner et al., 2012). A 

spare parts classification divide spare parts into different categories based on their different 

peculiarities, which creates a manageable number of different control groups (Roda et al., 

2014; Jouni et al., 2011). A division enables more effectively and properly management of 

the different categories (Syntetos et al., 2009) and enables companies to formulate different 

strategies in terms of service requirements, forecasting and inventory (Bacchetti & Saccani, 

2012). This enhances a company's chance to serve customers in a more effective manner by 

increasing the availability of spare parts. It may further lead to cost savings, for example by 

reducing the inventory costs, which is directly related to the aim of spare parts management 

(Syntetos et al., 2009). A classification enables managers to focus on the company’s most 

important spare parts (Boylan, Syntetos & Karakostas, 2008).  

 

Bacchetti and Saccani (2012) conducted a study reviewing academic literature in the area of 

spare parts management and classification, where the authors point out the most common 

classification methods as well as classification criteria. The majority of analyzed papers 

suggest a multi-criteria classification method adopting quantitative techniques (Zhou & 

Fan, 2007; Chu, Liang & Liao, 2008). Part criticality and part cost, in terms of unit cost or 
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inventory cost, are the two most common criteria (Porras & Dekker, 2008; Chu et al., 

2008). Further common criteria are demand volume or value, demand variability, supplier 

availability and risk of non-supply, and replenishment lead time (Braglia, Grassi & 

Montanari, 2004). The most common classification technique is the ABC approach which 

will be covered more in detail in next paragraph. This method is used for either a single 

criterion or multiple ones (Bacchetti & Saccani, 2012). For the multi-criteria ABC 

classification, different implementation methods are proposed by different researchers, for 

example, a matrix model based on the criteria cost and criticality made by Duchessi, Tayi 

and Levy (1988). Another method developed by Ng (2007) is a weighted linear 

optimization that converts measures of the different criteria into a scalar score which 

thereafter is the base for the ABC classification. Except for the ABC method, Syntetos, 

Boylan and Croston (2005) propose a demand-based classification through a two-

dimensional matrix. The two dimensions are based on demand variability and order 

frequency. Yamashina (1989) suggests a classification based on product-still-in-use quantity 

curves and service part demand curves. Except for quantitative classification methods, 

there are also qualitative ones that “try to assess the importance of keeping spare parts in stock based 

on information on the specific usages of spares and on factors influencing their management (costs, downtime, 

storage considerations, etc.)” (Bacchetti & Saccani, 2012, p.723). VED is a qualitative 

classification method that stands for Vital, Essential, and Desirable, which constitute the 

different classes that spare parts can be divided into. Despite its simplicity, the method 

might be complex to implement due to users’ subjective judgment that might affect the 

classification (Cavalieri, Garetti, Macchi & Pinto, 2008). However, this problem can be 

limited by combining VED with a systematic procedure for classifying spare parts. 

 

ABC Classification 

The ABC classification is based on Pareto’s law, the “80-20 rule” (Syntetos et al., 2009). 

This rule states that a relatively small number of items account for a relatively large share of 

the impact on an organization, for example in terms of value (Coyle, Langley, Novack & 

Gibson, 2013). The ABC classification is most commonly based on one criterion 

(Molenaers, Baets, Pintelon & Waeyenbergh, 2012). Spare parts get classified into the 

different categories named A, B, C et cetera, where A items are the most important ones 

that represent the most significant portion of for example the total inventory value 

(Syntetos, 2009; Molenaers et al., 2012). Category A constitutes for around 20 percent of 

total inventory but makes up for about 80 percent of the company’s inventory value (Coyle 
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et al., 2013). B items are the moderately important items and constitute for around 30 

percent of total inventory and make up for about 15 percent of inventory value. C items 

are the least important items, constituting of around 50 percent of total inventory and 

make up for about five percent of inventory value. The ABC classification is fairly easy to 

understand and implement, however it is only successful when the spare parts assortment 

mainly differs in terms of one criterion, which is rarely the case (Molenaers et al., 2012). 

Classifying only in terms of one criterion for a diverse assortment is challenging and can 

result in cost inefficient solutions for inventory management, which thereby puts pressure 

for a multi-criteria classification (Molenaers et al., 2012). Previous research has found that 

in addition to the commonly used value and demand volume several other criteria are of 

importance, for instance, ordering cost, order size requirements, obsolescence, 

substitutability and lead time (Douissa & Jabeur, 2016). For a multi-criteria ABC 

classification, items are assigned to the different categories (A, B or C) based on a weighted 

score that includes the item evaluation of the different criteria. Even though literature 

advocates this sort of classification, companies generally perceive them as too complex and 

costly to implement (Bacchetti & Saccani, 2012). Instead companies prefer simple methods 

and in most cases, do not include more than one or two criteria when classifying. 

2.2 The 3D Printing Technology 

Throughout the thesis, we will equate 3D printing with Additive Manufacturing (AM), and 

apply the definition of AM by American Society for Testing and Materials (ASTM 

International, 2013, p. 2): “a process of joining materials to make objects from 3D model data, usually 

layer upon layer, as opposed to subtractive manufacturing methodologies”.  

2.2.1 The Rise of 3D Printing 

The technology of 3D printing can be traced back to the late 1980's, initially used for 

producing prototypes, enabling a fast method for producing conceptual models of new 

products (Campbell et al., 2011). According to Berman (2012), the evolution of 3D printing 

can be distinguished into three phases: prototypes, finished products, and consumer-used. 

Prototype printing is still the main segment and accounts for approximately 36 percent of 

all 3D printing globally (Gress & Kalafsky, 2015). Except for prototyping, the dominating 

areas of 3D printing are the production of mass customized parts and spare parts (Berman, 

2012). Even though the 3D printing technology has been available on the market for more 

than three decades, it is only recently, since the loss of patent protection in 2009 for some 
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of the core 3D printing technologies, that the technological development has accelerated, 

and a more widespread adoption has been applied (Campbell et al., 2011; Sasson & 

Johnson, 2016). The loss of patent protection resulted in several new companies entering 

the market, which in turn increased the speed of development in terms of techniques, 

reduced machine costs, the range of materials available, and quality (Sasson & Johnson, 

2016; Khajavi et al., 2014). These advancements have widened the areas of application and 

today’s users can be found within the military, medical and healthcare, hobbyists as well as 

different manufacturing industries (Berman, 2012; Mohr & Kahn, 2015). In the year 2016, 

the organizations of GE, BMW, and Nikon started a joint multimillion dollar investment 

into a 3D printing start-up company, called Carbon (DHL, 2016). Their collaborative 

project can be viewed as an indicator of growth for the industrial use.  

 

An observation that can be made when familiarizing with the literature and previous 

research of 3D printing is the usage of different terms. The diversity in terminology goes 

hand in hand with the rapid speed of development described in the previous paragraph, 

where continuous improvements and new users have created several terms. Due to its early 

application, the technology initially was labeled as ‘Rapid Prototyping’, a term that 

nowadays is regarded as outdated because of its wider application (Chua & Leong, 2015). 

Other terms found in the literature are for example ‘Direct Digital Manufacturing’ and 

‘Rapid Manufacturing’. The official industry term today is Additive Manufacturing, 

accepted by the American Society for Testing and Materials. The term 3D printing is in 

most publications used interchangeably with AM and is more widespread in its use (Chua 

& Leong, 2015).  

2.2.2 Process and Technologies 

3D printing is a digital manufacturing method, creating objects with a layer by layer method 

(Chen, Heyer, Ibbotson, Salonitis, Steingrímsson & Thiede, 2015). There are several 

different technologies for 3D printing but they all generally share the same main process 

steps (Mellor, Hao & Zhang, 2014). The process consists of the printing itself, but also pre- 

and post-production processes. First, a 3D computer aided design (CAD) software is used 

to create a three-dimensional digital model of the desired object. This model is then sliced 

into very thin cross sections, which represent all the different layers that then will be 3D 

printed. It is thereby the software that determines how each layer in the printing process 

will be constructed (Berman, 2012). Following the digital model, the printer is successively 
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adding layers upon layers of material until the complete object is printed (Sasson & 

Johnson, 2016). When the printing is completed the part is in need of post-production in 

terms of for example cleaning and surface polishing (Khajavi et al., 2014). Depending on 

the object's size and required production precision, this whole printing process may vary 

from a few hours to a few days (Khajavi et al., 2014). Depending on the machine, the initial 

state of material is either solid, liquid or powder and the current material range cover glass, 

ceramics, starch, organic materials, elastomers, resins, paper, polymers, wax and metals 

(McAlister & Wood, 2014; Chua & Leong, 2015; Guo & Leu, 2013). 

 

There are several different ways in how researchers classify the different 3D printing 

technologies. To clarify the similarities and differences between the different machine 

types, a standard was created by ASTM International (F2792). This standard consists of 

seven different machine technologies for 3D printing which are presented in table 1.  

 

Technology Description 

Binder Jetting An additive manufacturing process in which a liquid bonding 
agent is selectively deposited to join powder materials. 

Directed Energy 
Deposition 

An additive manufacturing process in which focused thermal 
energy is used to fuse materials by melting as they are being 
deposited. DISCUSSION — “Focused thermal energy” means that an 
energy source (e.g., laser, electron beam, or plasma arc) is focused to melt the 
materials being deposited. 

Material Extrusion An additive manufacturing process in which material is selectively 
dispensed through a nozzle or orifice. 

Material Jetting An additive manufacturing process in which droplets of build 
material are selectively deposited. 
DISCUSSION—Example materials include photopolymer and wax. 

Powder Bed Fusion An additive manufacturing process in which thermal energy 
selectively fuses regions of a powder bed. 

Sheet Lamination An additive manufacturing process in which sheets of material are 
bonded to form an object. 

Vat 
Photopolymerization 

An additive manufacturing process in which liquid photopolymer 
in a vat is selectively cured by light-activated polymerization. 

Table 1. Standard terminology for Additive Manufacturing technologies. Source: ASTM 

International F2792, 2013, p. 1). 
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2.2.3 3D Printing versus Conventional Manufacturing 

The 3D printing technology can provide companies with several different benefits which 

are difficult to obtain in conventional manufacturing. Whether benefits of 3D printing 

contribute to opportunities, or risks for companies, is subjective to each single case. 

Previous research has clearly stated the benefits of 3D printing, but even though the 

technology has come a long way since its birth, there are still several limiting factors. 

Statements where 3D printing is portrayed as the replacement of mass production should 

be viewed with skepticism due to current restrictions (McAlister & Wood, 2014). 3D 

printing of today is neither capable nor useful to use for production of all sorts of items 

(Lindemann et al., 2015). In the following sections, benefits and limitations of 3D printing 

are explored. 

 

Benefits of 3D Printing 

To make the benefits as visible as possible for the reader, a division has been made into 

four different categories: cost related benefits, simplification of the supply chain, 

production-related benefits, and environmental benefits. However, benefits will probably 

impact several of these areas and therefore be overlapping. 

 

Traditional manufacturing holds several cost challenges. One challenge is difficulties to 

economically produce small batches (Berman, 2012). Producing new designs require tool 

changes, which consumes time and money. For example, when it comes to the traditional 

manufacturing method, injection molding, new design changes require new costly molds, 

which impede the production of small batches economically. 3D printing has relatively low 

fixed costs since except the printer itself, it does not require any further expensive tooling 

to produce new designs. The technology enables a reduction of established scale- and 

scope advantages that traditional manufacturing is recognized by (Sasson & Johnson, 

2016). The costs of producing one customized object and mass producing the same object 

differs a lot in regard to unit cost for traditional manufacturing. For 3D printing, on the 

other hand, the unit cost is the same regardless of how many items of each design are 

printed (Garrett, 2014). This provides unique capabilities of mass customization in contrast 

to mass production. Customized and low volume parts can also be highly disruptive for the 

production of high volume parts when sharing the same production line. The time-

consuming tooling activities interrupt the regular production, which results in long lead 

times and a need for high levels of safety stock. Both these aspects result in higher costs 
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(Sasson & Johnson, 2016). By instead utilizing a 3D printer for these parts, costs can be 

reduced.  

 

In traditional manufacturing, complex geometries can be hard to produce, but also time-

consuming and costly due to previously mentioned tool changes and assemblies that are 

required. For 3D printing, on the other hand, the production process is the same regardless 

of the product's complexity. Consequently, 3D printing enables the production of complex 

geometries and there are no extra costs for complexity (Garrett, 2014; Cozmei & Caloian, 

2012; Petrovic, Vicente Haro Gonzalez, Jordá Ferrando, Delgado Gordillo, Ramón Blasco 

Puchades & Portolés Griñan, 2011). 3D printing can further result in reduced cost of 

inventory since it enables printing on demand and fewer parts need to be kept in stock 

(Berman, 2012). Reducing the number of items in stock can also help to simplify the 

inventory management by lowering the risk of obsolescence (Sasson & Johnson, 2016; 

Ford & Despeisse, 2016). Further cost reductions that can be achieved are the costs of 

labor. Assembly lines and thereby also the labor can be reduced when products are printed 

in one piece (Chua & Leong, 2015). However, the cost of labor can in other aspects also be 

increased, which will be discussed further on.  

 

3D printing is also said to simplify supply chains (e.g. Berman, 2012; Sasson & Johnson, 

2016; Campbell et al., 2011). First, it can reduce or eliminate assembly lines and supply 

chains since the technology makes it possible to produce a complete object in one process 

(Campbell et al., 2011). For traditional manufacturing, producing an object usually requires 

several different parts that need to be assembled. All these parts can come from all around 

the world. For a 3D printer, the supply can usually be purchased from fewer suppliers 

(Berman, 2012), and thereby reducing the supplier base. By printing the object in one piece 

there is also a reduction in stock keeping units, which results in a reduction of inventory 

complexity (Mohr & Kahn, 2015). Traditional manufacturing relies upon cheap labor to a 

large extent (Chua & Leong, 2015). 3D printing lack this dependence which might lead to 

decentralization and reshoring as manufacturing jobs being pulled away from 

‘manufacturing platforms’ like China and instead return to the countries where the 

products are being consumed (Sasson & Johnson, 2016). This will also help to reduce and 

simplify the supply chains. Shrinking supply chain distances can reduce lead times and thus, 

decreases complex planning errors (Sasson & Johnson, 2016). Separating supply from 

demand cause difficulties, which can easily result in inefficiencies like overproduction, 
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safety stocks, and obsolescence. The technology further makes distributed production 

possible which in turn can increase responsiveness to customers (Knofius et al., 2016; 

Durao et al., 2016). In contrast to centralized production, a distributed approach allows 

production closer to the final customer. Also, late stage postponement is enabled which 

makes supply chains more agile and gives the opportunity to more easily act upon market 

changes (Mohr & Kahn, 2015). The potential benefits stated above indicate that 3D 

printing has the possibility to impact whole supply chains, from suppliers, manufacturing, 

warehousing, transportation, to the end customer.  

 

3D printing further provides several benefits to traditional manufacturing in terms of the 

production itself. Products of today are getting more complex in terms of shapes and 

forms (Chua & Leong, 2015). 3D printing, however, offers a design freedom where 

practically anything that can be designed on a computer, also can be printed (Campbell et 

al., 2011). This is not completely true yet since the technology still holds several limitations. 

Complex products usually require complex and time-consuming assemblies. Such activities 

can be reduced when combining multiple parts or functionalities and instead printing an 

object in one piece (Lindemann et al., 2015). The production technique further simplifies 

the manufacturing process by utilizing a CAD-file that communicates to the printer what to 

do (Garrett, 2014). This reduces the need for human interaction as well as expertise during 

the manufacturing process.  

 

Lastly, the 3D printing technology can help companies to reduce their environmental 

impact. Instead of shipping products all over the world, the technology makes it possible to 

rather ship design files digitally. Products can be printed on demand, closer to the 

customer, which will decrease transportation and thereby also the carbon footprint 

(Campbell et al., 2011). In traditional manufacturing, companies can have hundreds or even 

thousands of different suppliers all around the world. This requires a lot of transportation 

to get all the material to the manufacturing site. As mentioned earlier, by utilizing a 3D 

printer, the number of suppliers can be reduced. Consequently, the transportation of 

supply will also be reduced which further helps to decrease the carbon footprint (Campbell 

et al., 2011). 3D printing can also help to reduce the environmental impact during the 

production itself. With traditional manufacturing, like stamping and injection molding, the 

material gets subtracted from a greater piece, which results in material waste. 3D printing 

can help to increase resource productivity by only adding material where it is needed 
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(Campbell et al., 2011; Bourhis, Kerbrat, Hascoet & Mognol, 2013). Lastly, by only 

producing what is demanded, no unnecessary resources will be consumed for unwanted 

products (Garrett, 2014). 

 

3D Printing Limitations 

There are technological limitations as well as cost aspects that constrain the use of 3D 

printing (Sasson & Johnson, 2016). The technological limitations consist of materials 

available, printing speed, size, part strength and surface finish (Berman, 2012). Costs that 

need to be taken into consideration are the ones for raw material, printer, labor as well as 

energy (Khajavi et al., 2014; Sasson & Johnson, 2016). In the following paragraphs, we will 

take a closer look at these limitations. 

 

One major limitation of 3D printing is the availability of material, both in terms of limited 

range but also in the lack of printing in several materials simultaneously. In comparison to 

conventional production methods, 3D printing production has a limited range of materials 

and colors to choose from (Berman, 2012; Oropallo & Piegl, 2016). Widening this range is 

regarded as one of the main necessities for increasing the usage of 3D printing (Chua & 

Leong, 2015; Campbell et al., 2011). Further, most 3D printers are lacking the capability of 

printing items using multiple materials due to difficulties in modeling and bringing the 

materials together in the phase of production (Oropallo & Piegl, 2016). There are however 

some developments dealing with this issue, one example being the Multifab 3D printer 

presented by researchers at MIT’s Computer Science and Artificial Intelligence Lab, which 

has the capability to print ten different materials simultaneously (CSAIL, 2015).  

 

In addition, technological limitations of size, speed, part strength and the output’s surface 

finish are holding back the use of 3D printing. Commonly used materials in 3D printing 

cannot provide enough strength to produce large sized objects (Huang, Liu, Mokasdar & 

Hou, 2013). Manufacturing of large objects is further restricted due to the extended 

amount of time required to complete an object, together with the limitation in size of the 

printers (Huang et al., 2013; Campbell et al, 2011). The speed of production is inferior 

compared to conventional production methods and Khajavi et al. (2014) emphasize the 

need for reducing the production time to achieve changes that could impact whole supply 

chains. McAlister and Wood (2014) assess the current state of production time being 

sufficient for printing only single items, but one of the main barriers for using 3D printing 
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for larger volumes. The printing speed also impacts the output’s quality, as a faster build 

rate brings lower quality (Petrick & Simpson, 2013). Further, 3D printing of today typically 

involves pre- and post-production which needs to be considered in terms of production 

time and cost (Lindemann et al., 2015). The quality of the output also depends on the 

material used. Polymers are currently the most favorable materials for 3D printing, 

requiring only limited post-production, whilst for metals, it is more difficult to achieve 

good results and require additional processing to reach specified tolerances (Petrick & 

Simpson, 2013). Chua and Leong (2015) assess that metal-based systems are on the same 

quality level as sand casting. Part strength is a critical element in 3D printing since it will 

influence the usage. One issue is the technique itself, the layer upon layer method, where 

problems arise when transitioning the CAD model into printable cross sections (Oropallo 

& Piegl, 2016). The printing process makes the part weaker in the direction of the build 

since the layers do not bond as well in the Z direction as in X and Y, with the result that 

part strength is not uniform (Campbell et al., 2011; McAlister & Wood, 2014). In particular, 

this affects the strength of advanced applications, such as parts with complicated curves 

(Oropallo & Piegl, 2016). The suitability of using 3D printing, therefore, depends on the 

strength required and intended usage, since inadequate strength could mean that printed 

parts need more frequent replacements. An object’s quality is also determined by provided 

surface finish. 3D printing often provides a rough and ribbed surface due to large-sized 

powder particles used to build up an object (Huang et al., 2013).  

 

The main cost drivers of 3D printing are material, energy, machine, and labor, causing high 

costs and therefore constraining the usage. In fact, some parts that would be possible to 

print based on technological aspects do not qualify due to high costs. Holmström et al. 

(2010) use the example of bolts where 3D printing would be feasible based on the 

simplicity, but inadequate due to high costs in comparison to mass production. Considering 

production of large volumes, 3D printing is in most cases significantly more expensive 

compared to conventional methods such as injection molding (Berman, 2012; Holmström 

et al., 2010). The cost of raw material is high in comparison to conventional manufacturing, 

which leads to that the application primarily is used for items of high value or when 

customer responsiveness is critical (Berman, 2012). The acquisition cost of 3D printing 

machines for industrial use is still high, assessed by Chua and Leong (2015) to 50 000 USD 

or more. Except for the investment in a printer, companies need to consider energy 

consumption, which has been appointed as a major impact of 3D printers (McAlister & 



 

 21 

Wood, 2014).  Further, costs of installation and operator training need to be considered. As 

stated earlier, 3D printing requires pre- and post-production processes, which require 

personnel to manage the processes, driving labor costs. Higher automation of 3D printing 

is considered an important factor for increasing the usage (Khajavi et al., 2014).  

2.3 Suitability of 3D Printing for Spare Parts 

To gain insights on what types of spare parts that are suitable for 3D printing based on 

previous research, a summary and analysis of previous sections spare parts (2.1) and 3D 

printing (2.2) is necessary. Therefore, this section will focus on the suitability of 3D 

printing by assuming a two-dimensional perspective. The first perspective will focus on 

what types of spare parts that are suitable for 3D printing based on their characteristics, 

and the second perspective will focus on what types of spare parts that will be suitable for 

3D printing based on the technology’s limitations. To communicate main points of the 

frame of reference and the focus for upcoming chapters, a conceptual model is presented 

in figure 2. The model has been developed in order to increase the visibility of the chain of 

thoughts.  

 

 

 

 

In terms of spare parts characteristics, previous research has identified a number of issues. 

These issues will serve as a foundation to answer the question of when 3D printing is 

suitable to apply. Firstly, a characteristic of spare parts is connected to demand patterns. 

Spare parts with high demand variability, low demand rates and/or high uncertainty of 

demand are more suitable for 3D printing (Knofius et al., 2016). The reason is the 

Spare Parts 

Characteristics 

 

3D Printing 

Limitations 

 

Figure 2. Conceptual model (own illustration). 



 

 22 

challenges that the demand issue brings in terms of planning and inventory. 3D printing 

enables the possibility to print on demand, and changing strategy from make to stock to 

make to order. This, in turn, would reduce the cost of inventory and the risk of 

obsolescence, which is a problem for slow-moving spare parts (Holmström et al., 2010).  

 

Secondly, a spare parts assortment with the characteristic of a high variety of parts has been 

identified as suitable for 3D printing. In a situation where the spare parts assortment is very 

broad, 3D printing could reduce the number of stock keeping units, for example by 

producing spare parts for the previous generation of products already eliminated from the 

product line (Mohr & Khan, 2015). 3D printing also presents the opportunity to merge 

several components, and thereby several production steps, into one part and has therefore 

been assigned as feasible for spare parts with complex designs (Knofius et al., 2016). 

Building on this fact, 3D printing is suitable for customized parts, which make it suitable 

for spare parts where special designs are required. Campbell et al. (2011) compare with 

injection molding where a new tool must be created for each unique part and 3D printing, 

therefore, would be preferable. Spare parts produced in low volumes that are considered 

highly disruptive for the production will also be suitable for 3D printing, allowing the 

production to run more stable (Sasson & Johnson, 2016). Furthermore, spare parts of high 

value are considered feasible since these items are causing high cost of inventory and 

obsolescence (Berman, 2012). Another aspect is to use 3D printing to gain control over 

supply in situations where the supply risk, in terms of availability and lead times, is 

considered high (Roda et al., 2014). The technology could then serve as a tool to help the 

manufacturer bringing the part into own production to be used for low volume production.  

 

Changing the perspective to 3D printing limitations, a summary for when 3D printing is 

suitable in regard to limitations will be presented as follows. Firstly, costs are a 3D printing 

limitation (Berman, 2012). It is, in general, more expensive to print a part instead of 

producing it with traditional manufacturing. However, this depends on several different 

aspects, for example, how disruptive the part is on other production runs and how much 

time the tooling changes require (Sasson & Johnson, 2016). There is also a need to take 

into consideration, that for some cases it might be worth to print the part, even though it 

may be markedly more expensive. For instance, when demand is highly varied and storage 

costs are high (Holmström et al., 2010). A comparative perspective on what is most 

important for the company needs to be done in regard to this aspect. Next limitation is the 
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printing speed. Usually printing a part takes more time than traditional manufacturing, in 

terms of only the production (Khajavi et al., 2014). Therefore, when fast responsiveness to 

the customer is of great importance, parts might benefit of being kept in stock instead of 

printing it on demand. Thereby the part can be sent right away, instead of having to be 

printed first. However, when a spare part is needed on short notice, but not available in 

stock, 3D printing could be faster and a more suitable choice. Since 3D printing is a slower 

production method, it is also more suitable for printing low volumes (McAlister & Wood, 

2014). Printing high volumes with today’s 3D printing technology requires more time than 

other production methods. Low volumes can also be highly disruptive for the regular 

production (Sasson & Johnson, 2016). By printing these low volume production runs, 

disruptions can be avoided and a more stable production can be obtained (Campbell et al., 

2011). Further limitation consists of part size (Berman, 2012). With regards to the size of 

most 3D printers, together with the long time required to print large objects, mainly smaller 

parts are suitable for 3D printing (Campbell et al., 2011; Huang et al., 2013). There are also 

some quality issues with 3D printing. The part strength might be weaker with this 

production method, which means that 3D printing is mainly suitable for parts where this 

factor is not of high importance (McAlister & Wood, 2014). The same reasoning can be 

made for parts’ surface finish, since 3D printing also has challenges in this area (Berman, 

2012). Lastly, a consideration needs to be done regarding the possibilities in materials. The 

range of materials is restricted, which limits the possibility to print parts with specific 

requirements for material.  
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3. Methodology 

This chapter describes the methodology applied in the thesis and motivates choices made. A critical approach 

is adopted were strengths and weaknesses of our choices is highlighted. The chapter includes descriptions how 

data collection and data analysis are conducted, as well as discussions covering research quality and research 

ethics.  

 

To enhance readability as well as the reader’s understanding of the content, we have chosen 

to structure the major part of this chapter using a tree trunk as a metaphor, an idea 

borrowed from Easterby-Smith, Thorpe and Jackson (2015, p.47). The authors use this 

metaphor to reflect the four main features of a research design: ontology, epistemology, 

methodology, and methods and techniques, as illustrated in figure 3. Taking a first glance at 

the tree trunk, the first thing that catches the eye is the outer ring. This represents the 

specific methods and techniques for data collection and analysis in the research study, such 

as interviews or observations, and is, therefore, the most visible and accessible for the 

reader. The three inner rings represent features that perhaps is less visible but that 

nevertheless constitute critical elements in a research design. Ontology, epistemology and 

methodology impact on the quality of research, contributing to “... the strength, vitality and 

coherence of the research project” (Easterby-Smith et al., 2015, p.47). Since our philosophical 

assumptions influence our choice of research strategy we would like to adopt an inside-out 

approach, starting from the inner ring of the tree trunk. 

 

Figure 3. The four rings model. Source: Adapted from Easterby-Smith et al. (2015, p.47). 

Ontology

Epistemology

Methodology

Methods & 
Techniques
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3.1 Research Philosophy 

Awareness of research philosophy, in terms of ontology and epistemology, is important 

since these assumptions will impact choices made in regard to collecting and analyzing 

empirical data. As stated by Easterby-Smith et al. (2015, p.47); “awareness of philosophical 

assumptions can both increase the quality of research and contribute to the creativity of the researcher.” The 

term ontology refers to perspectives on the ‘nature of reality’ and has been a subject of 

debate among researchers for a long time (Easterby-Smith et al., 2015).  Ontology is about 

answering the question of ‘what is reality?’ and concerns different views about how the 

world is made up. Four different ontologies can be distinguished, each with an own view of 

truth and facts (Easterby-Smith et al., 2015). Our perception as researchers is that no 

‘single truth’ exists but that there might be several, depending on the perspective of the 

observer. This viewpoint leads us to a relativist ontology meaning that the reality depends 

on what perspective is applied. 

 

Epistemology is defined as “views about the most appropriate ways of enquiring into the nature of the 

world” (Easterby-Smith et al., 2015, p.334), meaning it concerns how research should be 

conducted. Epistemology presents different ideas of how researchers should work to 

discover knowledge about the reality. Two contrasting views can be distinguished: 

positivism versus social constructionism. The positivist epistemology states that only one 

single reality exists and, therefore, quantitative research methods are commonly applied to 

measure reality. Social constructionism as a contrasting view states that reality is subjective 

and that researchers must be part of what is being studied to be able to interpret and draw 

conclusions. The reality is viewed as being socially constructed in interactions between 

people, impacted by for example language. Qualitative research is often applied since social 

constructionists believe of a need to capture and interpret multiple views of reality 

(Easterby-Smith et al., 2015). We find social constructionism suitable for our perspective of 

how to conduct research. This view is in line with our perception of the reality and will, 

therefore, be assumed in this thesis. A social constructionist approach brings both 

strengths and weaknesses. According to Easterby-Smith et al. (2015), one of the main 

strengths is the possibility to generalize the results, which is of importance for the purpose 

of this thesis. Our intention is that the spare parts classification could be used by different 

companies, across industries. One weakness of social constructionism is that it may be 

time-consuming and difficult to gain access to respondents (Easterby-Smith et al., 2015). 
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With this issue in mind, we have chosen to make use of our private networks and make 

contact early on.  

 

In research philosophy, there is a linkage between ontology and epistemology where 

relativism is linked with social constructionism (Easterby-Smith et al., 2015). This 

combination has implications for research methodology. Typically, such an approach aims 

at finding convergence, assumes research questions (e.g. in contrast to hypotheses), 

conducts cases and surveys, uses language and some numbers as types of data. The analysis 

is typically conducted by triangulation and comparison, and the outcome is the generation 

of theory (Easterby-Smith et al., 2015). With these methodological implications in mind, 

our research philosophy assumes a social constructionist design, linked to the relativist 

ontology. Our perception is that the reality depends on the perspective of the observer and 

that the mission for us as researchers is to seek and reflect different perspectives.  

3.2 Research Methodology 

Research methodology is the combination of different techniques used by the researcher to 

investigate a specific situation (Easterby-Smith et al., 2015). This thesis is a qualitative study 

that applies the methodology of grounded theory. When deciding the research 

methodology, we consider the purpose of the study, and since the purpose is to create a 

classification and thereby build new theory, grounded theory is most suitable for this study. 

Grounded theory is one of the most popular methodologies in qualitative studies within 

business and management research since the researchers can contribute to new theories 

and have the possibility to adjust the study as new ideas emerge (Easterby-Smith et al., 

2015). In comparison, quantitative methods are not as helpful when generating new 

theories since those focus on what has happened recently or is happening now, and not on 

changes that can happen in the future (Easterby-Smith et al., 2015). Grounded theory 

applies a comparative method by studying the same issue or process in different settings 

and situations. This strategy can be beneficial when there is a need for explanation or 

understanding of a process. Walsh, Holton, Bailyn, Fernandez, Levina and Glaser (2015) 

explain grounded theory as a method that generates patterns, which in turn explain how to 

resolve the researcher’s main concern. The main concern for this study is to identify what 

characteristics that make spare parts suitable for 3D printing, as well as what 3D printing 

limitations that need to be considered for printing spare parts. Identifying those factors 

provide us with a base to create the spare parts classification and fulfill the purpose of the 
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thesis. Further, grounded theory should be applied when the researcher wants “...to make 

knowledge claims about how individuals interpret reality” (Suddaby, 2006, p.634), rather than 

making knowledge claims about an objective reality. As for this study, there is no single 

truth and an objective reality but different views and approaches about how to manage 

spare parts. It is these different views that we want to capture, which support the decision 

of applying grounded theory.  

 

The reason for not choosing the research methodologies action research or ethnography is 

because in these approaches the researcher is supposed to change the organization or 

become part of the group they are studying (Easterby-Smith et al., 2015). That will require 

a longer time frame to conduct the research study properly. The case method was first 

considered as a suitable choice but neglected due to its in-depth understanding of one, or a 

small number of cases, generally over time, as well as the inherent importance to look at 

the context. However, analyzing contexts and focus on different cases is not necessary to 

gain knowledge about how companies handle their spare parts today. If our spare parts 

classification is to become a model that can be applied within many companies, there is a 

need for us to gather, compare and analyze data from several different companies. By 

conducting the research on companies that have this experience we can gain knowledge 

that can help us in the construction of a suitable classification.  

 

The research process is often associated with two different approaches, deductive or 

inductive (Wilson, 2014). For a deductive approach, hypotheses are developed based on the 

existing theory, and later tested based on a developed research strategy (Saunders, Lewis & 

Thornhill, 2009). For an inductive approach, the process instead starts with observations 

and gathering of data. Theories are then proposed based on the results of the observations, 

it is a theory building process (Wilson, 2014). Our research process is inductive even 

though we have gained fundamental knowledge from the literature review. Therefore, 

Strauss’ direction of grounded theory is applied, meaning that we conduct an interactive 

use of previous research and data (Easterby-Smith et al., 2015). According to Strauss, it is 

helpful to familiarize with previous research and use a structured and interactive process 

where gathered data is analyzed using previous knowledge. 
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3.3 Research Method 

To fulfill the purpose of our research, it is important to choose the appropriate tools for 

collecting and analyzing empirical data. As stated in the previous section, this thesis 

assumes a qualitative approach which means that we will be working with qualitative data. 

This type of data can be defined by its non-numeric form as well as the characteristics of 

the process: being interactive and interpretative (Easterby-Smith et al., 2015). This means 

that we as researchers will be more involved and embracive of the data compared to a 

quantitative study, where the researchers typically try to distance themselves from the data 

to maintain objectivity (Easterby-Smith et al., 2015). A benefit of a qualitative approach is 

that a deep understanding could be reached. However, a qualitative approach also brings 

limitations since the lack of standardization restricts the number of participants possible to 

include in the study, as well as limiting the possibilities to aggregate data and include 

statistical comparisons (Easterby-Smith et al., 2015). The choice of research methods is also 

linked to research philosophy of the researchers (Easterby-Smith et al., 2015). As we are 

assuming a relativistic ontology and a social constructionist epistemology it is natural that 

the process of data collection and analysis evolves in a cyclical way, which makes it difficult 

to draw a distinction between data collection and data analysis (Easterby-Smith et al., 2015). 

The iterative working process is connected to our beliefs of a subjective and multiple views 

of the reality. Even though the process of developing qualitative data will be cyclical, we 

choose to structure this section by looking at data collection and data analysis separately 

with the motivation of enhancing the readability.  

3.3.1 Data Collection 

For the phase of data collection, we have chosen to conduct qualitative interviews. This 

type of method can be described as a directed conversation, in that sense that it focuses on 

a specific topic of interest. The researchers use more or less open questions to fulfill a 

purpose. As stated by Easterby-Smith et al. (2015), interviews are an appropriate method to 

use when there is a need to develop an understanding from the participant’s point of view. 

Not merely what his or her standpoint might be but also why this is the case. In an 

interview, the researchers have the possibility to capture the context of a problem as well as 

discover ‘new’ aspects that might shed light on the research problem (Easterby-Smith et al., 

2015). With the aim of fulfilling the purpose of this thesis, we chose to use qualitative 

interviews to be able to explore spare parts diversity and 3D printing limitations in depth. 

For us to have the proper prerequisites to succeed in developing a classification of spare 
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parts we need to gain knowledge of how the respondents work and how they reason when 

managing their spare parts assortment. In our view, the use of other methods, such as 

surveys, would not be sufficient to answer the research questions and to fulfill the purpose 

of the thesis.  

 

Regarding the style of the interview and consequently the questions there is a range of 

different techniques. Easterby-Smith et al. (2015) distinguish different types of interviews 

based on the level of structure: highly structured, semi-structured and unstructured. A 

highly-structured interview implies using fixed questions, in a fixed order and even some 

predefined answers, typically used for market-research (Easterby-Smith et al., 2015). On the 

other hand, in an unstructured interview, the researcher tries to establish an informal 

dialogue by using only a few questions, a type used in ethnographic studies (Easterby-Smith 

et al., 2015). Our choice is to conduct semi-structured interviews were the researchers use a 

guide of predefined topics to direct the conversation and to ensure that the purpose of the 

interview is fulfilled (Easterby-Smith et al., 2015). Even though a semi-structured interview 

includes prepared topics it allows the researcher to act on new aspects brought up by the 

respondents (Easterby-Smith et al., 2015). We believe this level of structure is best suited 

for our purpose of data collection since the topic of 3D printing of spare parts is fairly 

new. The approach allows us to capture new insights as well as ensure to discuss selected 

issues. Interview guides for the empirical study can be found in Appendix 1 and 2. 

 

As for the practicalities of data collection, all interviews are conducted face-to-face. 

Although remote interviewing (telephone, email, Skype et cetera) offers a flexibility in 

terms of time and space it has inherent issues for the researchers. In remote interviewing, it 

can be difficult to capture the context, exploring questions in-depth and perceive non-

verbal communication (Easterby-Smith et al., 2015).  

 

Sampling Strategy 

Prior to the actual phase of data collection, it should be stated what types of organizations 

or individuals that are potential respondents and how these were selected. The optimal 

method for determining the size of a sample is to collect empirical data and analyze until 

no additional information appears (Easterby-Smith et al., 2015). The sample of our 

respondents is based on reaching saturation, but also the timeframe of the thesis project is 

taken into consideration. Our sampling strategy can be labeled as ad-hoc in the sense that 
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we select companies where it is relatively easy for us to gain access, for example by using 

private contacts. With the purpose of identifying potential respondents for interviews, 

three criteria were formulated. Firstly, the companies need to be original equipment 

manufacturers since these sell finished products and thus provide spare parts to end 

customers. This in contrast to subcontractors or suppliers. Secondly, the companies should 

manage their own spare parts assortment instead of outsourcing to a third party. The 

reason for this criterion is to ensure sufficient knowledge regarding spare parts 

management. Lastly, the companies should operate in Sweden in order for us to visit and 

conduct the interviews face to face. The participating respondents are presented in table 2. 

 

 
Company 

 
Position of 

Interviewee/Interviewees 

 
Date 

 
Duration of Interview 

Swerea Swecast  Senior R&D Engineer 2017-03-03 105 Minutes 

Fläkt Woods (1) Customer Service Support 
Technician, (2) Customer Service 

Support Manager 

2017-03-06  
75 Minutes 

Husqvarna (1) (1) Demand and Supply Chain 
Manager Spare Parts, (2) Senior 

Supply Chain Development 
Manager 

2017-03-07  
40 Minutes 

Husqvarna (2) Director Product Management 
Spare Parts 

2017-03-07 40 Minutes 

ITAB Service Manager, Key Account 
Manager 

2017-03-10 50 Minutes Interview + 
30 Minutes Observations 

Saab Training & 
Simulation 

Head of After Sales 2017-03-14 35 Minutes 

Volvo Cars Project Manager Logistics 
Development 

2017-03-15 60 Minutes 

Siemens Industrial 
Turbomachinery 

Product Manager Reconditioning 
and Refurbishment within the 

Service Organization 

2017-03-16  
45 Minutes 

Company X Head of Parts and Logistics in 
Customer Service 

2017-03-16 50 Minutes 

Electrolux Product Manager Spare Parts 2017-03-17 60 Minutes Interview + 
20 Minutes Observations 

Table 2. Respondents for interviews. 

3.3.2 Data Analysis 

Qualitative interview as a method for data collection typically results in a large amount of 

empirical material that needs to be analyzed. In order to be able to grasp the information 
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and develop it into knowledge, we believe in applying a systematic approach. The first step 

after conducting the interviews is to transcribe the spoken words to text and organize it in 

a systematic manner. Easterby-Smith et al. (2015) argue that the preparation phase could be 

viewed as the first analytical step since it allows the researchers to familiarize with the 

collected material. After transcribing, the interviews are summarized and sent back to the 

respondents for approval, to increase research quality.  

 

Following our choice of methodology, the method for analysis will be based on what 

Easterby-Smith et al. (2015) label as ‘grounded analysis’. The method is described as an 

open approach to the data in the sense that the researchers are not using any predefined 

structure based on theoretical aspects. Instead, the researchers are working systematically to 

find categories grounded in the collected data; thereby developing new theory (Easterby-

Smith et al., 2015). The process for analyzing empirical data will be conducted as follows: 

1. Familiarization of data 

2. Reflection of how the data relates to previous theoretical knowledge  

3. Open coding by labeling for example sentences or sections based on content 

4. Conceptualization by comparing of codes and grouping into categories.  

5. Linking how categories and concepts relate 

It is our perception that this method of analysis will allow us to identify the relevant 

knowledge to answer our research questions and fulfill the purpose of our thesis. 

3.4 Research Quality 

When touching upon research quality the terms validity and reliability are commonly 

encountered. Easterby-Smith et al. (2015) claim that validity, reliability but also 

generalizability have different meanings within the different research traditions. As we go 

for the constructionist viewpoint, considering the study’s validity we should ask ourselves if 

a sufficient number of perspectives have been included (Easterby-Smith et al., 2015). 

Reliability of a study is achieved if similar results are observed also by other researchers. 

For the study’s generalizability, it should be considered if the sample is sufficiently diverse 

to apply conclusions to other contexts. The sample of our study consists of companies 

from several different industries operating in a global context. These features facilitate 

generalizing of the conclusions, both beyond borders as well as to other industries. To 
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explain the terms validity and reliability further it is stated that validity refers to if the 

research tool indeed is measuring what is stated to be measured, and reliability refers to the 

consistency in the research tool (Kumar, 2011). The tool is reliable if it is consistent and 

stable in its results when used repeatedly under constant conditions. However, it is 

impossible to have a perfectly accurate and reliable research tool in social sciences due to 

different factors that are not possible to control (Kumar, 2011). These factors are for 

instance the respondent’s mood, the interviewer’s mood and the wording of questions. 

Since it is difficult to ensure standardization of research tools and processes in qualitative 

studies, four indicators are used to express a study’s validity and reliability (Kumar, 2011). 

As introduced by Guba (1981), these four indicators are credibility, transferability, 

dependability and conformability. The indicators have been accepted by many researchers 

and therefore we perceive them as suitable to use in our study (Shenton, 2004; Whittemore, 

Chase & Mandle, 2001). 

 

Credibility is equivalent to validity in quantitative studies and it is about ensuring that 

gathered data are credible (Kumar, 2011). Qualitative studies explore respondents’ 

experiences, feelings and beliefs, which easily can be misinterpreted. Therefore, it is 

important to confirm that the researchers have interpreted the answers in a correct way 

(Polit & Beck, 2012). To minimize the risk of misinterpreting the respondents’ answers, we 

have decided to conduct the interviews together. By doing so we may go through and 

discuss all the answers together. Also by recording the interviews we can go back and listen 

again if there are any uncertainties. Further, a validation is conducted where the 

respondents have the possibility to adjust their answers if we misinterpreted them. The 

respondents had the possibility to do the interviews in Swedish if they did not feel 

confident with the English language. One respondent did the interview in Swedish and 

therefore had to confirm our translated transcription. 

 

Transferability is connected to generalizability (Schwandt, 2001). This is difficult to achieve 

for qualitative studies but if the process for conducting the study is thoroughly described, 

the person that wish to transfer it to another context can more easily follow the process 

and judge if it is suitable for transfer or not (Kumar, 2011; Shah & Corley, 2006). 

Dependability refers to if the study would obtain same results if it would be studied again 

(Kumar, 2011). Due to the specific conditions for qualitative studies this is a challenging 

task but that once again could be eased if a thoroughly description of the study is 
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conducted (Tobin & Begley, 2004). To increase transferability and dependability of this 

study we will try to make as transparent study as possible for the reader to follow. 

However, since the study is based on semi- structured interviews, it is practically impossible 

to replicate. Even so, a decision was made that these interviews are most suitable for our 

study to make sure we gain the information we need. 

 

Conformability refers to if the research results can be confirmed also by others (Kumar, 

2011). To increase the conformability, it is important that the researchers do not include 

any personal opinions (Bryman & Bell, 2013). It is difficult to be completely objective in 

qualitative studies but to enhance the objectivity and avoid being bias, we will conduct the 

interview guide with open-ended questions and not try to steer the respondent in one way 

or another. However, there might be occasions when we use probes to enhance and clarify 

the respondents’ answer. 

3.5 Research Ethics 

Research ethics concerns expectations from academia regarding moral considerations 

during a research project and covers two dimensions: an obligation to protect the interests 

of the participants as well as protecting the integrity of the research community (Easterby-

Smith et al., 2015). At a first glance, the ethical issues within management and business 

research may not be as clear as for example the medicine discipline where the outcome 

could concern life and death. But, as exemplified by Easterby-Smith et al. (2015), outcomes 

such as plant closedowns, changes of work patterns or payment systems may lead to 

economic losses, making ethics an important part of management and business research. 

Ethical considerations need to be dealt with in every phase of the research process, from 

the choice of topic to finalizing the results. Firstly, according to Easterby-Smith et al. 

(2015), an ethical concern could arise in determining the direction of the research if 

supervisors or sponsors put pressure on the researchers to lead them in the direction of 

interest for those stakeholders. In our case, thesis topic and problem formulation were 

done without any pressure from external stakeholders. A thorough literature review was 

conducted to avoid the risk of repeating an already conducted study and to confirm the 

relevance of the study’s purpose. In the phase of gaining access to participants, the same 

information concerning topic, thesis’ purpose as well as the purpose of their participation 

was distributed. Informed consent is important and implies that the researchers clearly 

communicate and make sure that the participants understand their role as well as potential 
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risks (Kumar, 2011). To ensure informed consent information was distributed prior to the 

interviews as well as during the session, where the respondents had the opportunity to ask 

questions.  

 

Prior to the process of gathering empirical data the opportunity to be anonymous in the 

study was given to all participants as well as an assurance that the recorded and transcribed 

material will not be passed forward. According to Kumar (2011), it is important to maintain 

confidentiality after the research project is finished by protecting the information gathered. 

Also, a consent for recording the interviews was established before the interview sessions. 

In the phase of interpreting the gathered material, written transcripts of the interviews were 

sent back to the respondents for validation. By approving the transcripts, the risk of 

publishing harmful information is reduced. Ethical issues also concern correct reporting of 

findings and avoidance of bias. Bias implies that the researchers deliberately highlight or 

hide findings (Kumar, 2011). The respondent validation is a measure to avoid bias. An 

ethical concern that covers the written thesis is plagiarism which implies not stating when 

information is taken from other, previously published works. By using the APA system for 

referencing and clearly state where the information is retrieved from, plagiarism is avoided. 
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4. Empirical Findings 

The following chapter presents empirical findings from the ten interviews conducted. The first interview (4.1) 

differs in terms of content and structure since the respondent is an expert in 3D printing, and the 

limitations of the technology are the main focus. Even though the topic of 3D printing has been covered in 

the remaining interviews, spare parts management has constituted the base. Interview guides for the two 

different interview types can be found in appendix 1 and 2. 

4.1 Swerea Swecast 

Swerea Swecast is a research institute in Jönköping, Sweden, focusing on research and 

development of casting technologies, including Additive Manufacturing (3D Printing). The 

institute possesses a sand printer that uses the Binder jetting technology. The respondent 

for the interview is Sten Farre [SF], Senior R&D Engineer. From the respondent’s 

perspective, the current phase of 3D printing is that companies are trying to figure out how 

they could adopt the technology, for example how it could complement their traditional 

manufacturing.  

 

3D Printing Opportunities 

The respondent thinks that the main benefit of 3D printing is the possibility to design for 

function and not being bound to specific manufacturing routes. For conventional 

manufacturing, the designer always has to think ahead how a part will be manufactured, for 

example by casting, welding or forging.  

“With additive manufacturing, it is designing based on what the part actually shall perform, i.e. what is the 
actual function of the component”. [SF] 

Another aspect is that parts could be improved when shifting to 3D printing, for example 

by reducing weight or increasing the complexity of geometry. Focusing on spare parts 

specifically, the respondent expresses that 3D printing could bring benefits for low 

volumes. If produced in-house, it is costly to bring out the tools, change and produce a 

single part. If subcontracted to an external supplier, that company may require a certain 

volume to be satisfied with supplying. Further, transportation and by extension the 

environment can be saved by printing on demand, close to the customer.  

 

Apart from direct 3D printing of finished parts, another way of using the technology is 

‘indirect additive manufacturing of metal parts’. This means that a tool is 3D printed in 

metal, sand or ceramics, and then used for volume production of castings. By 3D printing 
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the tool in a cheaper material than conventional tool steel, the investment cost will not be 

as extensive. The tool will not last as long, but the respondent thinks this could be a 

strategy for how to use 3D printing to make tools for high volume production in shorter 

time, and to less total cost. Any alloy that can be casted in conventionally made tools, can 

also be casted in 3D printed ones. The benefit of indirect additive manufacturing is that the 

pattern for making the tool does not need to be kept in stock as it is a digital file. This 

provides the possibility to change the design more freely since the pattern no longer is a 

physical part. 

 

3D Printing Limitations 

Even though there are seven types of 3D printing technologies, two are dominating. The 

respondent identifies the most common technology as VAT polymerization, representing 

about 34 percent of the total manufacturing. This technology gives excellent surfaces and 

reasonable part strength but is a very slow process. Another common technology is 

Powder bed fusion which represents about 31 percent of total manufacturing, and typically 

this technology is used for making plastic or metal parts. However, using Powder bed 

fusion will give a rougher surface compared to the VAT polymerization. 

 

According to the respondent, the main limitations of the 3D printing technology are:  

“Post-treatment, size, speed, predicting and verifying of the mechanical properties. And I would guess in 
that order”. [SF]  

In terms of size, the sand printer at Swerea Swecast is 100 centimeters wide, 180 

centimeters long and 70 centimeters high. In that machine, it is possible to print the entire 

box in 16 hours and then the object needs to harden for about three hours. There are also 

machines that are three times bigger and twice as fast as the sand printer at Swerea Swecast. 

The respondent states that this indicates the direction for the development of the 

machines. The majority of laser printers are about half a meter in square and about 30 

centimeters high. For the VAT polymerization technology, it is not possible to make huge 

machines because the pool of liquid polymer needed to build the geometry is limiting the 

size. The Powder bed machines, on the other hand, can be as big as needed, as long as the 

equipment is stable. The respondent also tells about the Directed Energy Deposition 

technology, where it is possible to place the melting unit on a robot arm, which makes it 

feasible to build big parts. In terms of speed, it may take half a second to make ten plastic 

oven knobs conventionally, while it would take around 15 minutes to make one by 3D 
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printing. After printing a part, it is not ready for usage, first, it has to be rinsed and 

polished. The post-treatment is one major disadvantage according to the respondent. 

Regarding the verification of mechanical properties, the respondent states that one 

important difference for 3D printing compared to conventional manufacturing is the lack 

of standards in additive manufacturing. Each machine is unique and it is, therefore, difficult 

to predict what mechanical properties that will be obtained. However, most parts do not 

need that specification and for those, insecurity of mechanical properties might not be an 

issue. 

 

Today, around 46 percent of all 3D printed parts are in polymer and around 40 percent are 

in metal. One difference from conventional manufacturing is that 3D printing has less 

materials to choose from. That goes for all types of materials, even if there are less 

differences in the polymer section as in the metal section. The respondent estimates that 

there are maximum 50 different alloys for 3D printing, whereas traditional metal industry 

has thousands of different. Another limitation concerning material is printing in different 

materials simultaneously. There are polymer printers where different types of polymers can 

be used but except this, printing in more than one material is quite tricky and still on an 

experimental stage. 

 

The conventional techniques are still slightly better than 3D printing in terms of quality, 

even though this aspect is improving. A study has been made comparing surface roughness 

of different manufacturing techniques and it was concluded that 3D printing in metal is 

comparable to the surface of any other casting. One factor that affects the quality of the 

output is building speed. The faster a part is being printed, the rougher the surface 

becomes, and metal parts also become more porous. These aspects need to be taken into 

consideration when deciding upon printing speed and properties of a part. Another factor 

that affects quality of 3D printed parts is the building direction. Printing layer by layer in 

the Z direction (horizontally), will always be weaker than X or Y direction. The angle of the 

component when printing also affects the surface roughness. 

 

3D printers of good quality are expensive. For example, the sand printer used by Swerea 

Swecast costs 1,3 million Euro. Metal printers cost somewhere around 400 000 to one 

million Euro, whilst polymer printers cost around 25 000 to 50 000 Euro. Even though the 

machines are expensive, this is not the major cost driver. Instead, the respondent points to 
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the costs of raw material, which is often ten times more expensive than for conventional 

manufacturing. However, the prices for machines and materials will eventually go down as 

patents are starting to run out and followers will provide cheaper offerings. 

 

An important aspect for companies to understand when considering 3D printing is that 

each component has its own business model. 

“It is not possible to have a general business model for 3D printed parts. Different components have 
different reasons for being 3D printed, sometimes it is unique features that can cover the extra costs 

compared to conventional manufacturing. There will be an increased need to use life cycle cost as base for 
each case to generate the benefits within additive manufacturing”. [SF]  

Compare making a spare part in 3D printing versus conventionally, printing may be up to 

ten times more expensive. The cost of conventional production is low, so for 3D printing 

to be considered, the technology must bring other benefits that make up for the extra 

costs. For instance, considering the cost of energy, 3D printing usually consumes more 

energy than producing a part conventionally. However, the respondent thinks it is 

necessary to focus on the entire life span of a part and not only the production itself. A 3D 

printed part may end up on an airplane or a truck and could be half a kilo lighter in weight 

than a conventionally produced part. This half a kilo will over its entire life span result in 

less fuel consumption and thereby save both energy and money. Lastly, the respondent 

emphasizes that in order to see an increased usage of 3D printing, knowledge regarding 

how to design components needs to be developed. More people need to be curious and 

willing to take risks to push the boundaries of what is possible.  

4.2 Fläkt Woods 

Fläkt Woods Group is a global leader when it comes to indoor air technology and fire 

safety. The company offers high-quality ventilation systems for different applications and 

buildings. In Sweden, Fläkt Woods has 850 employees and a turnover of approximately 1 

500 MSEK. (Fläkt Woods, 2017) The respondents are Ulf Sandqvist [US] who is a 

customer service support technician that sells spare parts to end customers on the Swedish 

market, and Pekka Sipola [PS] who is customer service support manager for Fläkt Woods 

in Jönköping.  
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Spare parts at Fläkt Woods 

Fläkt Woods has own production of spare parts but also buys from other suppliers. The 

company has a warehouse outside Stockholm which carries a very narrow segment, but 

except this warehouse, Fläkt Woods does not have any items in stock specified as spare 

parts. However, a sensor can be a spare part, and these are in stock since they are used to 

produce new units. The line between spare parts and component sales is a bit blurry for 

Fläkt Woods since customers can buy a component and then either use it as a spare part or 

build a system on their own. Due to this aspect and the fact that all sold products are 

unique, the respondents have a hard time telling the amount of different spare parts. The 

products have a very long life span, in many cases up to 40 or 50 years. The company also 

has a quite extreme number of variants available as standard. The spare parts assortment is 

quite diverse in terms of value and materials, but the support technician thinks that most of 

them are in plastic and metal. For instance, a plastic plug could cost one euro and a 

titanium coil 100 000 euro. 

 

Challenges in managing spare parts  

The manager for customer service support states that the biggest challenge in managing 

spare parts is the extreme amount of variants that is offered,  

“If we are to carry all the spare parts we would have to have a warehouse as big as the factory”. [PS] 

Another challenge is caused by the products’ long life span which results in difficulties to 

provide spare parts for old products. The company provides spare parts for the current 

range of products and up to ten years after a product has been discontinued. Parts that the 

company can provide after these ten years is a bonus. The support technician also 

mentions a problem connected to internal stock management. Fläkt Woods tries to have as 

small stock as possible with the consequence that  

“…spare parts that sell regularly but not regularly enough are being taken away from stock”. [US]  

The manager for customer service support says that the company right now is insourcing 

some production of the most important components. The insourcing is done to control the 

delivery time. This will result in an increased amount of spare parts stored at the site.  

 

3D Printing 

The respondents assess their knowledge in 3D printing as quite low and they do not think 

that the technology has been considered to implement at Fläkt Woods. The support 
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technician thinks that the reason for why an implementation has not been considered is 

because many spare parts are comprised of many different parts and many different 

materials. The manager for customer service says:  

“I can for sure see 3D printing as something that we could use in the future, especially if you could print 
different materials”. [PS] 

The respondents at Fläkt Woods think 3D printing could help them to overcome the 

challenges the company faces when a supplier cannot produce what is needed. The supplier 

might say no if the volume is too low. Today Fläkt Woods has some spare parts where a set 

amount needs to be bought in order for the supplier to keep producing these parts. This is 

a working solution right now but in the future, this set amount will be too high to order 

and this is where 3D printing could help.  

 

The manager for customer service support states that he knows way too little about 3D 

printing to answer what opportunities the technology could bring. However, the 

respondent says that 3D printing might be applicable for some of the company's simpler 

parts that consist of only one material, for example plastic details like a covering plug. On 

the other hand, these parts are today purchased from low-cost countries and the company 

uses approximately 1 000 pieces each day. This means that the printing would have to be 

both quite fast but also cheaper than to buy from for example China or India, as done 

today. The support technician says that from his perspective, and not necessarily the 

company’s income perspective, a 3D printer would be suitable for old parts that the 

company has a hard time to supply. The respondent says that it is a common question 

about spare parts for units that are 30 to 40 years old. Many of these parts are simple 

plastic items but cannot be supplied either because Fläkt Woods lost their contractor or the 

parts are too expensive to have in stock due to low demand. The cost of buying these type 

of spare parts is too high. The manager for customer service support disagrees with this 

area of use and states that to print a part a CAD-file first needs to be created. The 

respondent does not know how long time this takes but if the company only sells one part 

every five years he means that the cost of creating the CAD-file is going to be too high. For 

3D printing to be interesting and worthwhile for spare parts, the respondent thinks that 

there must be a certain volume to print. 
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4.3 Husqvarna 

Husqvarna is a global producer of products for forest, park and garden care, and the 

product range includes chainsaws, trimmers, robotic lawn mowers and ride-on lawn 

movers. For the year 2016, the Husqvarna group had net sales of 36 000 MSEK and 13 000 

employees. (Husqvarna Group, 2017) The collected material from the two interview 

sessions at Husqvarna will be presented as one merged text to avoid repetition and increase 

readability. The respondents of the first interview are Tobias Ceder [TC], Demand and 

Supply Chain Manager for spare parts, and Johan Jakobsson [JJ], Senior Supply Chain 

Development Manager. The respondent of the second interview is Michael Åsliden [MÅ], 

Director Product Management for spare parts. 

 

Spare Parts at Husqvarna 

Husqvarna is using both external suppliers, located worldwide, as well as its own factories 

to supply spare parts. The main central distribution center is located in Jönköping. The 

number of spare parts within the Husqvarna division is 213 000 parts, all produced make to 

stock. The assortment is described as: 

“There are a few parts that we sell a lot of, then there is a long tail. I mean, of course we have the 20/80 
rule but it looks like a logarithmic scale or something like that”. [TC] 

The assortment is very diverse according to all respondents and consists of everything 

from screws up to engines to garden tractors. The spare parts differ a lot in value as well as 

in complexity, for example, how critical a part is. 

 

Challenges in managing spare parts 

All respondents agree that complexity is the main challenge of managing spare parts. The 

reasons are the wide product assortment, long product life span, a lot of sourced products, 

and internal challenges of getting attention to spare parts. The lack of focus has resulted in 

that Husqvarna has created too many spare parts. One of the respondents mentions the 

challenge connected to spare parts’ tools in the process of phasing out products. The tools 

for making spare parts in metal or plastic are most often scrapped, partly because of their 

size and partly because the tools are not expected to be used anymore. After a product is 

phased out, Husqvarna makes sure to have a buffer of spare parts to provide for the 

coming years. Problems arise if a professional customer after a couple of years needs more 

spare parts and the buffer was not enough,  
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“...we always put our customers first, and then the factory needs to work together with purchasing to make a 
new tooling or a new mold”. [JJ]  

The cost of such an arrangement could be 20 000 to 50 000 SEK.  In addition to the cost, 

the time for fulfilling the customer’s need could be extensive due to quality testing, 

approvals, and production of the spare part. The whole process could take four to five 

months, which means that this is the waiting time for the customer.  

 

3D Printing 

The respondents describe that there is some basic knowledge internally within Husqvarna 

regarding 3D printing and that the technology is used in the R&D department for building 

prototypes. However, the technology is not used to produce final products sold to 

customers. The company is currently in an evaluation phase when it comes to 3D printing 

of spare parts,  

“We are investigating it, we are looking at it long term but it is not an in-house core competence, we’re not 
going to build up our own super strong 3D printing technology division”. [JJ] 

Instead, Husqvarna would probably look at different market solutions and perhaps use a 

third party for providing the 3D printing service, since it is not a core competence and 

would require large investment costs. In five to ten years, Husqvarna could have a 

partnership with a company that 3D prints locally on their main markets, given that the 

technology continues to develop at the rapid speed. In such a setup partnering companies 

could print slow-moving spare parts and Husqvarna would not need to store those parts at 

all.  

 

3D printing of slow-moving spare parts and spare parts for phased out products were 

identified as two highly interesting areas for implementation of the technology. Also for 

rare items, where maybe the tool has been scrapped, 3D printing could ease the 

management by printing the item instead of investing a lot of time and money in new tools. 

For fast-moving spare parts, where Husqvarna sell a lot, the respondents do not think the 

technology would be beneficial since current mass production methods have low cost due 

to economies of scale. The main opportunities of 3D printing would be in reducing stock 

levels and the possibility to build to order, reducing work in capital tied up. Instead of 

producing to stock or making last time buys from suppliers and end up with overstock, a 

3D printer would allow production of small quantities. One of the respondents describes 

that from his experience, the surface finish of 3D printed items looks a bit different in 
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comparison to conventionally produced items. Due to this fact, the respondent thinks that 

plastic, internal parts that are not visible for the customer might be suitable for printing. 

Identifying this as a possibility, he also adds that it could be challenging since many of 

those parts are not expensive, which then would limit the benefits of 3D printing. The 

respondent believes that the biggest benefits of 3D printing would be for low volume and 

high-value parts. The respondents are also discussing their demands on the technology and 

bring up cost efficiency, quality, and materials as decisive factors. One of the respondents 

concludes by saying that 3D printing probably is a good solution for spare parts, especially 

if customized and build to order,  

“…that’s where 3D printing, today at least, have the biggest advantages”. [MÅ] 

4.4 ITAB Shop Concept 

The company ITAB Shop Concept is developing, manufacturing, selling and installing 

complete concepts for retail stores. Products include interior, lightning and checkouts. The 

turnover for 2015 was approximately 5 000 MSEK and the company has 2 850 employees. 

(ITAB, 2017) The respondent is Annika Engvall who is working as a service manager as 

well as key account manager for ITAB. The service department is responsible for 

supporting customers located in Sweden. 

 

Spare Parts at ITAB  

ITAB is using both external suppliers as well as own production to supply spare parts. All 

spare parts are stored in the warehouse located in Jönköping. The respondent is uncertain 

regarding the exact number of different spare parts but says that it is probably around 700 

articles in the spare parts list. Of these articles, only a few are frequently ordered. The spare 

parts assortment is described as quite diverse, for example in terms of value and materials.  

 

Challenges in managing spare parts 

The management of spare parts is challenging according to the respondent. The demand 

for parts is quite stable with minor fluctuations, which makes it easy to predict the demand. 

However, some slow-moving spare parts are more difficult to predict.  

 

3D Printing 

3D printing has not been considered to use at ITAB, and the respondent estimates her 

knowledge of the technology as being on an amateur level. However, the respondent thinks 
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that the 3D printing technology could bring opportunities for slow-moving spare parts. 

Those are expensive to produce one or two at the time, or if bought, it could take four 

weeks before receiving them and be very costly. Further, the demand for slow-moving 

spare parts is hard to predict, and. because of the uncertainty and the costs, these spare 

parts are not kept in stock. For these types of parts, 3D printing could probably decrease 

the delivery time. The respondent does not think 3D printing will be beneficial to use for 

fast-moving spare parts which are frequently ordered.  

4.5 Saab Training & Simulation 

Saab Training & Simulation is a business unit part of the company Saab AB. The 

headquarters of Saab Training & Simulation is located in Huskvarna, Sweden. The unit has 

485 employees and a turnover of 1 000 MSEK. Saab Training & Simulation develops, 

produces and supports mainly laser simulators that are used to train army troops on the 

field. The respondent Jonas Wennerberg [JW] is head of after sales and responsible for 

repair and spare parts supply for all customers around the world. 

 

Spare Parts at Saab Training & Simulation 

Saab Training & Simulation supplies spare parts from external suppliers but is also 

assembling parts as well as producing small batches in-house. The respondent says that 

there are basically two types of customers, the first one is internal where a support site and 

spare part storage is located at customer premises. For such a support solution, the 

contractual period is usually for about 15 years. The company also has customers that do 

not have this setup, but that buy spare parts directly, and in those cases, Saab Training & 

Simulation does not have the same control over the expected demand. Spare parts that are 

included in a support solution are produced to stock to ensure availability and high 

responsiveness, while spare parts that are demanded more seldom are produced to order. 

The spare part list consists of around 7 000 items and the assortment is quite diverse. The 

company provides for instance cables, electronics, and mechanics in terms of machined 

items like metal alumina castings and injection molded plastic. 

 

Challenges in managing spare parts 

The respondent identifies two main challenges within spare parts management. One is 

when parts become obsolete which is difficult to overview since the company has a big 

flora of different components. It is mainly electronics that cause the challenges with 



 

 45 

obsolescence and these are according to the respondent overall also their most challenging 

spare parts. The second challenge is the ability to cut costs when there is a start-up cost for 

low volume production. The respondent expresses that there is a balance between investing 

in own stock or having high start-up costs. Another issue in managing spare parts is when 

parts are tied to a certain machine or tool of a specific supplier. It can happen that a part 

has not been bought for several years and the supplier is no longer available. The tools for 

producing spare parts need to be available over the contractual period, but it can happen 

that the tools get worn out or destroyed. The respondent says that 

“...it’s a huge cost to invest in a new tool for just producing a couple of spare parts over some years. That I 
would say is the main issue if we should try to find areas where rapid prototyping could be applicable”. 

[JW]  

3D Printing 

The respondent states that Saab Training & Simulation is quite familiar with 3D printing 

and that the technology has been used for at least 15 years. The company mostly uses the 

technology for prototyping and has used several of the different technologies, primarily 

printing in plastic. The respondent expresses that 3D printing  

“...could be very useful for customer specific item in low volume, where you have huge start-up cost if you 
want to start up the production line again for single item”. [JW]  

Printing small series in metal is an interesting area for the company. A kind of spare part 

that the respondent thinks would be suitable for 3D printing is brackets. Those parts are 

typically customized, produced in low volumes, and exposed to quite a lot of external 

forces and hits. Due to those features, the parts often get destroyed and therefore it is hard 

to predict the demand. The respondent thinks that 3D printing could help to overcome 

some of the challenges that the company is facing today within spare parts management. 

However, the respondent emphasizes that some requirements need to be fulfilled. For 

example, the brackets that were identified as suitable for 3D printing are usually quite big 

and therefore the technology should be able to handle a certain size. Further considerations 

are whether 3D printing can provide the same requirements as a machined alumina piece in 

terms of part strength and robustness.  

4.6 Volvo Cars 

Volvo Cars is a global company formed in Sweden to produce vehicles, and the current 

product range includes sedans, wagons, sportwagons, cross country cars, and SUVs. Volvo 

Cars has 29 253 employees and a net revenue of approximately 180 000 MSEK for the year 
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of 2016. (Volvo Cars, 2017) The respondent is Joakim Dahlgren [JD] who works as a 

Project Manager at a department called Logistics Development.  

 

Spare parts at Volvo Cars 

Volvo Cars is exclusively using external suppliers for the company’s spare parts supply. The 

lead times from suppliers differ a lot, where suppliers nearby could provide parts within a 

couple of hours, and lead times from suppliers in Asia could be 12 weeks. Most of the 

parts are made to stock, but the company also has some low frequent, high-value parts that 

are made to order. The respondent gives the example of painted bumpers, a part with lots 

of variance in shapes, colors et cetera. Due to the number of variants, and the size of the 

parts, these products would be expensive to produce to stock. Volvo Cars manages 

approximately 80 000 different spare parts and the respondent describes the assortment as 

very diverse with parts ranging from simple parts up to whole body sides. However, most 

spare parts are quite small and the respondent assesses that 80 or 90 percent of the parts 

would fit in a small box. The parts differ a lot in terms of value, where the most valuable 

parts could cost around 5 000 euro compared to one screw for a couple of cents.  

 

Challenges in managing Spare Parts  

The respondent perceives an increased complexity in the spare parts range, where the 

assortment grows but parts get ordered less frequently. He describes that 15 to 20 percent 

of the part range stands for about 85 percent of total revenue, and compares the remaining 

80 percent with a long tail of low frequent parts. This long tail causes challenges for the 

company since low frequent parts bring a risk of obsolescence. The respondent identifies 

the low frequent parts as the biggest challenge for Volvo Cars in managing spare parts. The 

variation in demand makes it hard to anticipate the need. The company is not earning any 

money for these parts, they are solely a service to the customer. There is often a need to 

scrap parts that cannot be sold.  

 

Volvo Cars has a set rule that the company should provide all spare parts at least ten years 

after a car model has gone out of production, for some parts even 15 years. It can be 

challenging, especially providing low frequent spare parts that may no longer be 

economically feasible for the supplier to produce, due to the decreased volume. Volvo Cars 

is sometimes placed with an ultimatum. Either to make one final buy of that spare part to 
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cover the remaining ten years, which is almost impossible to estimate. This scenario often 

drives an extensive stock of parts since as the respondent states it,  

“…you have to buy more than you think that you need, to make sure that you have enough at the end”. 
[JD]  

The other choice is that the supplier needs to drastically raise the price. Volvo Cars then 

needs to calculate the best option, to take the higher price or buy a lifetime’s need.  

 

3D Printing 

The respondent assesses Volvo Cars to be quite familiar with 3D printing at a corporate 

level and the technology is already used in different parts of the company, mostly for 

prototyping. The company has still not sent any 3D printed parts to end customer and 

right now Volvo Cars is trying to grasp how that could be done and under what 

circumstances it would be feasible. Also, the company is looking at how to assess if a part 

is suitable for 3D printing, looking at cost or if there are other reasons to use the 

technology. The respondent thinks it is important to consider all the logistics costs for a 

spare part. Other reasons, like reduced lead time or increased service level, are more 

difficult to put a price on and to create a viable business case the hard costs need to add up. 

As for opportunities, the respondent identifies the possibility to print low frequent spare 

parts on demand instead of keeping them in stock and to print them locally where the need 

is. Further, one great opportunity would be for very urgent orders, if it would be possible 

to print the parts faster than producing them in a traditional way. Discussing what spare 

parts from Volvo Cars’ assortment would be suitable for 3D printing, the respondent 

thinks that parts that are not visible to the customer, that have low demands on taking up 

forces, and are quite small in size would probably be considered. The company has been 

looking at the possibility to print air channels, which are all over the car but not visible for 

the customer. Further, the air channels are made of plastic, which is quite cheap, and the 

parts do not need to take up any forces. Another part located underneath the seat has also 

been considered, mostly because of its complicated geometry which makes it interesting to 

3D print. However, the problem with that part is that it is quite big and the respondent 

thinks that it would be expensive to 3D print.  

 

The respondent is convinced that 3D printing has the possibility to solve some of the 

challenges in managing spare parts. This by cutting back on the logistics cost, especially for 

the low frequent parts where those costs can be huge compared to the profit. For Volvo 
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Cars, a lot of very low frequent spare parts are only stored centrally. If a customer in, for 

example, Brazil needs a spare part urgently, Volvo Cars needs to send the part by air 

freight, which will be expensive. If it would be possible to 3D print the part locally in Brazil 

the logistics cost may be lower and the delivery time would be faster. The respondent says:  

“If you just compare the cost for the part, a 3D printed part, to the cost for buying the part from a 
conventional supplier, that can never be a positive business case for us to choose the 3D printed part”. [JD] 

For the technology to be interesting for Volvo Cars to implement in the spare parts area 

there is a need to look at total logistics costs and see how 3D printing could help in cutting 

those costs.  

4.7 Siemens Industrial Turbomachinery 

Siemens Industrial Turbomachinery (SIT) in Finspång, Sweden, is part of the Siemens 

Group. The company produces and maintains turbines, and has 2800 employees with a 

turnover of approximately 10 000 MSEK (Siemens Industrial Turbomachinery, 2017). The 

respondent is Marin Bucic [MB] who is a product manager for reconditioning and 

refurbishment within the service organization. The organization is responsible for 

maintaining the fleet of turbines around the world. 

 

Spare Parts at SIT 

To supply spare parts to customers, SIT is using both external suppliers as well as own 

production, where parts are produced in a mix of make to stock and make to order. Some 

customers have what is called a ‘Long term program (LTP)’, which is a maintenance 

contract that reaches from five to 15 years. Spare parts covered by the LTP are produced 

to stock. The company also has customers without contracts that contact SIT when a 

demand appears, and spare parts covered in this setup are handled on a make to order 

basis. SIT is according to law obliged to provide customers with spare parts for ten years, 

but in practice, it is done for 20 years due to long life span of the products. There are 

almost 400 000 articles registered as spare parts at SIT, where 20 000 of these are the ones 

that move the most. The spare parts assortment differs a lot in terms of value, materials, 

and size. 
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Challenges in managing spare parts 

The respondent states that the biggest challenge in managing spare parts is the extreme 

number of variants. Out of 400 000 spare parts, 20 000 are frequently moving, which 

makes the remaining 380 000 more difficult to handle. For these slow-moving spare parts, 

SIT needs to consider the risk of obsolescence and the risk of suppliers not being able to 

supply. The reason for the extreme variance of parts is because of the development of new 

products and because of the machines’ long life span.  

 

3D Printing 

The respondent says that SIT is a pioneer in the world when it comes to 3D printing, being 

the only manufacturer in the industry of turbines that is using the technology for serial 

production of spare parts. The company started to use the technology for five or six years 

ago when identifying some items that could benefit from 3D printing. SIT is using the 

technology Selective Laser Melting and prints in super alloys. The company is currently 

printing four different articles, which are the burner tips for the turbines. These articles 

were identified as being more profitable to manufacture by 3D printing than with 

conventional methods. Further, the technology has made it possible to improve the parts. 

The burners are approximately 80 centimeters high and 15 centimeters in diameter. The 

burner tip gets cut off with 20 millimeters and then a new burner tip is 3D printed. After 

printing, the part will be heat treated and then processed. The respondent thinks that the 

heat treatment takes a couple of hours and the processing around 30 to 50 minutes for 

each part, but states that this process is the same as for conventional production.  

 

The company prints approximately 1000 burner tips each year, and the respondent states 

that SIT would like to print more than these four articles but emphasizes that everything 

needs to be business driven.  

“What do I gain in printing something? [...] Only because I can print I shouldn’t print”. [MB, own 
translation] 

To decide if a part is profitable to print, SIT only takes into consideration the production 

cost which should be lower compared to repair the part conventionally. The company does 

not quantify for instance the cost of warehousing or lead time reduction. However, the 

respondent states that companies also need to take into consideration the size of the part. 

This is mainly because of the limited dimensions of the printers, but also because of the 
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bigger and the heavier part, the longer it takes to print. Further, the respondent states that 

the part also needs to be rather complex and argues that  

“To print something that is designed for conventional manufacturing is rarely profitable”. [MB, own 
translation] 

In 3D printing, there are no limitations for how complex a part can be. The respondent 

expresses that the parts need to be redesigned and made more advanced and improved so 

that they cannot be manufactured with conventional methods. This is where the highest 

profits can be made according to the respondent. Another factor to take into consideration 

is the part’s value, which needs to be high. The respondent tells that the biggest profits for 

SIT will be made when it is possible to print shovels. The problem with printing shovels is 

that each shovel needs to be able to handle huge powers, around 1000 horsepower, and 

this is not possible with today’s technology.  

4.8 Company X 

Company X is a global company producing robots, application equipment as well as 

complete solutions for customers. The company consists of more than 5 000 employees 

and the respondent is Head of Parts and Logistics [HPL] in customer service.  

 

Spare parts at Company X 

The production of spare parts is outsourced, either to colleagues in the company group or 

to other suppliers. Company X’s goal for spare parts is to ship parts to customers within 24 

hours and to have a minimum of 95 % coverage. This means that the company basically 

needs to have everything in stock. However, some parts with low frequent demand are 

purchased on request. Company X has a portfolio of around 30 000 different spare parts 

and the respondent thinks the assortment is quite diverse in all dimensions, for example in 

terms of size, value and sales volume. A spare part can, for example, be a complete upper 

arm which is pretty much half of a robot, but it can also be a screw. Company X guarantees 

all spare parts to customers eight more years after stop of production. After this period, the 

company has a limited phase where there is no longer a guarantee of the parts. However, 

most of the time the company provides the parts also during this period since customers 

usually run the products much longer than eight years.  
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Challenges in managing spare parts  

A challenge for Company X in managing spare parts is that a lot of items do not have such 

a big consumption. Some parts are only sold a couple of each year, whilst the company also 

has a limited number of high runners that contribute to 80 percent of total sales volume. 

Another challenge is the end of life complexity, mainly for electronics where the 

development is fast and the company starts running into problems already during the eight 

years when customers are guaranteed spare parts. Sometimes the company makes a last 

time buy from a supplier but this is not always a suitable solution since components could 

get obsolete by sitting on the shelf. There is always a financial risk of either having too little 

in stock and risk parts will not last a lifetime, or too much in stock and risk having to scrap 

parts.  

“And it’s a significant inaccuracy in those estimates how much we believe will be the consumption in the 
future”. [HPL]  

The respondent further mentions that long lead times are challenging. If lead times were 

shorter the company would be able to reduce the levels of safety stock. Old castings, for 

which the tool is no longer available, can also be challenging. It could either be that the 

tool has been scrapped or that it has been changed over time as the product has been 

changed. If Company X needs to purchase one or two more pieces of the old design it can 

become extremely expensive since a new foundry tool needs to be created. This is one of 

the areas where Company X has started to consider the 3D printing technology, as a 

possible solution for making molding tools. The respondent states that the company has to 

work in different ways with their suppliers if it is a supplier for which Company X is one of 

their biggest customers or if they are just one out of maybe 1 000 customers. The company 

has a different level of power to impact the supplier which results in different ways of 

managing them. 

 

3D Printing 

Company X possesses a 3D printer that is mainly used for R&D purposes. The company 

has done some tests to understand what the technology could mean for the service 

function but there are still question marks if the technology would be able to provide the 

repeatability, quality, and the material properties needed. The respondent expresses that the 

requirements for spare parts are quite high. When considering to start printing the 

company also needs to take into consideration the cost and speed of printing. According to 

the respondent, the cost to consider when comparing conventional manufacturing and 3D 



 

 52 

printing is the cost of putting the spare part on the shelf, meaning the price that is received 

from the supplier. However, this can further be balanced if printing would enable shorter 

lead times which would result in less material needed in stock and thereby less capital tied 

up in stock. 

 

Even though the respondent has not completely understood where the technology could 

be useful for the company, the Head of Parts and Logistics sees opportunities:  

“If we could have let’s say a 3D printer in our warehouse to produce low frequent or low volume items, so 
we do not need to stock every item but we still have a very short replenishment time. And I mean, if we 

could do it within minutes or an hour that would be the target since we have the requirement of shipping out 
everything in 24 hours”. [HPL]  

The respondent identifies opportunities of using the technology for customized parts. 

Further opportunities are for old parts that the company has a hard time to supply, or 

where the cost to get hold of them is high due to the low volume. 

 

The respondent thinks that simple spare parts like plastic covers probably would be 

suitable for 3D printing. Using the term ‘simple’, the respondent does not mean simple in 

materials or shape but that the component is not assembled, like a motor for example. 

Further, the respondent thinks that parts that are not sensitive to the material properties as 

well as to the surface finish could be suitable for 3D printing. The respondent brings up a 

part labeled ‘spring holder’ as an example and says that the company has tried to print this 

spare part. However, the part is not of high value which makes it less beneficial according 

to the respondent. The company’s high-value parts are instead motors, gears, cables, and 

electronics but these parts are still tough to print. The respondent thinks that 3D printing 

can probably solve some of the challenges that the company face today regarding spare 

parts but is not fully convinced that it will solve all of them, such as the difficulties with 

electronics. 

4.9 Electrolux 

Electrolux is a global leader within home appliances focusing on products such as washing 

machines, refrigerators, dishwashers and cookers. In 2016, the Electrolux Group had net 

sales of 121 billion SEK and 55 000 employees worldwide. (Electrolux Group, 2017) The 

business area ‘Professional for laundry’ is located in Ljungby where the respondent Mia 

Jana [MJ] is working as a Product manager for spare parts for laundry. The respondent is 
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responsible for supporting customers with spare parts from the development of new 

products to ten years after last production date of a machine.  

 

Spare Parts at Electrolux 

The majority of spare parts for professional laundry products are produced in-house, at 

Electrolux’s production site in Ljungby. Some spare parts are also supplied from external 

companies. Electrolux Professional laundry has a broad assortment of spare parts covering 

approximately 40 000 different articles, everything from screws to drums. The aim is to 

have high availability to be able to serve customers in a good way, which means that the 

spare parts inventory is extensive. Most spare parts are quite small in size and the main 

material is metal. The parts differ a lot in value, for example, a screw that is sold for five 

SEK compared to a control unit for 70 000 SEK. The respondent describes the assortment 

as very diverse and says  

“We try to always have a huge diversity. It’s better to have at least one PNC [product number code] of 
everything than not to have stock on anything”. [MJ]  

Challenges in managing spare parts 

According to the respondent the biggest challenges in managing spare parts are due to the 

high level of diversity. Since the assortment consists of many different parts it is hard to 

keep track on all of them. Electrolux is obliged to provide spare parts for a period of ten 

years but still after that period of time a spare part could have a demand. If a spare part 

number is removed from the spare part list, the tool to make the part will be scrapped. The 

respondent regularly gets inquiries from the production team if they could scrap a tool to 

make room for new ones. The respondent describes the high diversity of spare parts in the 

warehouse as positive from a customer perspective because spare parts requested are in 

most cases available, and with fast delivery. On the other hand, the extensive stock of spare 

parts has resulted in that customers expect that Electrolux always will have parts available, 

which is a high standard to live up to. Further, the respondent says that the logistics team 

are not always pleased by the extensive stock,  

“...because some of the pieces we don’t even sell for years and it’s just taking place when we could have some 
other things”. [MJ]  

Many times it has been necessary to scrap finished spare parts in stock due to 

obsolescence, which means a loss for the company.  
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3D Printing 

The respondent is not so familiar with the 3D printing technology and is unsure how it can 

contribute to the company. To her knowledge, it has not been considered to use at 

Electrolux. The respondent believes that the success of 3D printing of spare parts depends 

on possibilities in materials, production time, cost and quality. Furthermore, it depends on 

how big and heavy a part could be. For Electrolux, the most beneficial would be to gain 

increased flexibility in production of spare parts and thereby meeting customer demands in 

a better way. The respondent describes that today, when there is an urgent order and the 

requested spare part is not available in stock, it is very hard to get the production to 

produce the part the same day. This is identified as an opportunity for 3D printing at 

Electrolux. 
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5. Analysis 

The analysis focuses on the main findings from the empirical study and uses the frame of reference to include 

insights from previous research. The aim of analyzing the empirical material is to answer the research 

questions and fulfill the purpose of the thesis.  

 

The analysis has been conducted by following the grounded analysis approach, as 

presented in section 3.3.2. By coding the content of the transcripts, it was possible to group 

the codes into categories. The categories are following the research questions as the first 

category focuses on spare parts characteristics and the second focuses on 3D printing 

limitations. This chapter is organized in line with the research questions. The concluding 

section of this chapter focuses on the main contribution of this thesis, the spare parts 

classification for 3D printing suitability. 

5.1 What Characteristics Make Spare Parts Suitable for 3D 

Printing? 

The codes derived from the empirical data concerning the first research question are 

reflected in table 3 below and further discussed in the following paragraphs. The table 

illustrates what spare parts characteristics each company mentioned to be suitable for 3D 

printing. 

 

  
Swerea 
Swecast 

 
Fläkt 

Woods 

 
Husqvarna 

 
ITAB 

Saab 
Training  

& 
Simulation 

 
Volvo 
Cars 

 
SIT 

 
Company 

X 

 
Electrolux 

Low Volume X X X X X   X  

Low 
Frequency 

  X X  X  X  

High 
Uncertainty 
of Demand 

    
X 

 
X 

    
X 

High Value    X    X X  

High 
Design 

Complexity 

 
X 

     
X 

 
X 

  

High Supply 
Risk 

 X X X X   X  

Table 3. Spare parts' characteristics identified by respondents. 
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The most significant characteristic, identified by the majority of the respondents for 

making a spare part suitable for 3D printing, is parts produced or supplied in low volumes. 

Providing spare parts to customers in low volumes constitute challenges since it is costly to 

produce or buy single items. The respondent from Saab Training & Simulation explains 

that low volume production in many cases results in high start-up costs. This makes it 

necessary to find a balance between producing to stock, to decrease costs, or producing 

low volumes and accept the high start-up costs. Therefore, as stated by the respondent 

from Saab Training & Simulation, 3D printing would be suitable for spare parts connected 

to high start-up costs when producing low volumes. Several respondents also make the 

connection between low volume spare parts and customer specific parts. For example, one 

of the respondents from Husqvarna identifies 3D printing as suitable for customized parts 

since the technology enables a shift from make to stock to make to order. These 

observations have support in previous research. For example, Sasson and Johnson (2016) 

state that low volumes can be highly disruptive for the production and Berman (2012) 

means that it can be challenging for traditional manufacturing to produce low volume 

batches economically. For low volume production, the 3D printing technology can assist in 

avoiding disruptions in the regular production as well as high start-up costs (Campbell et 

al., 2011).  

 

Several respondents also identified slow-moving spare parts as challenging to manage and 

as an area suitable for 3D printing. The respondent from Volvo Cars states that low 

frequent parts is the biggest challenge and connects this to high uncertainty of demand for 

those parts. As described by the respondents from Volvo Cars, Husqvarna, and ITAB, 

their spare parts assortments have some frequently ordered parts while the remaining parts 

are slow movers, which can be compared to a long tail. The respondent from Volvo Cars 

describes an increased complexity in the spare parts range, where the assortment is 

extended but where the parts get ordered less frequently. As stated by the respondent, this 

cause challenges since a lot of low frequent parts bring a high risk of obsolescence. The 

issue of obsolete inventory is discussed by almost all respondents. For example, by 

Electrolux, where the respondent states that it several times have been necessary to scrap 

finished spare parts which result in a loss for the company. Many companies also have a 

pronounced strategy to have high availability of spare parts, which gives a high cost of 

inventory, and increase the risk of having to scrap obsolete parts. The respondents at 

Husqvarna state that 3D printing could be used for slow-moving spare parts by printing on 
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demand instead of producing to stock. Then the company would not have to store those 

parts at all, resulting in less capital tied up in inventory and reduced risk of obsolete parts. 

The high uncertainty of demand is a spare part characteristic identified by some 

respondents as suitable for considering 3D printing. As stated in the previous paragraph, 

the respondent at Volvo Cars states that there is a connection between low frequent parts 

and high uncertainty of demand. The respondent at ITAB states that spare parts with high 

uncertainty of demand are not kept in stock, which means that these parts have to be 

ordered from the supplier when a demand arises. This results in long delivery time to the 

customer since the lead time from supplier could be four weeks. The respondent identifies 

3D printing as a possible way to decrease the delivery time. In comparison, spare parts that 

are frequently ordered, and sold in large volumes, would not be suitable for printing due to 

the advantages of current mass production. The characteristics of low volume, low 

frequency and high uncertainty of demand are identified in previous research as suitable for 

3D printing (Knofius et al., 2016). The main reason is that the technology enables to print 

on demand, thereby changing strategy from make to stock to make to order. Nearly all 

companies in the interviews are using make to stock for the majority of their spare parts 

due to high requirements on availability. As stated by Holmström et al., (2010), shifting 

some parts to make to order would reduce cost of inventory and the risk of obsolescence. 

 

High-value spare parts are considered more suitable for 3D printing in comparison to parts 

of low value, according to some of the respondents. High-value parts are costly to produce 

conventionally and are also costly to keep in stock. SIT, the only company in the study that 

is currently using the technology for printing of spare parts, has decided that the 

production cost must be lower for 3D printing compared to conventional manufacturing. 

The respondent at SIT states that 3D printing, in general, is a more expensive production 

method, and therefore the part’s value must be high to make printing profitable. Also in 

previous research, high-value parts have been emphasized as suitable for 3D printing. For 

example, Holmström et al. (2010) state that parts that have a low cost of production by 

conventional methods are inadequate for 3D printing due to the technology’s high 

production costs. Another characteristic connected to high value, identified by respondents 

at SIT and Volvo Cars, is high design complexity. Parts with complex geometries, that are 

impossible, difficult or expensive to produce conventionally, could be suitable for 3D 

printing. The respondent at Swerea Swecast describes the possibilities in design as the main 

benefit of the technology, enabling to design for function instead of being bound to a 
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specific manufacturing method. The respondent at SIT states that there are no limitations 

for how complex a part can be when it comes to 3D printing, and he thinks that the 

highest profits can be made for complex parts. Further, he argues that many parts would 

need a redesign to become more advanced, and consequently more profitable for 3D 

printing. The respondent at Swerea Swecast further states that such a redesign could bring 

parts improvements, such as weight reduction. The design freedom and possibility to print 

complex geometries are aspects reflected in previous research. Garrett (2014) states that 

3D printing has no extra cost for complexity, and compare the technology to conventional 

methods where complex geometries are hard to produce, time-consuming and costly. 

Knofius et al. (2016) also highlight the possibility to merge several production steps and 

components, making 3D printing suitable for complex geometries.  

 

Spare parts with high supply risk are identified by several respondents as an issue and a 

possibility for 3D printing. All companies have requirements of providing spare parts for a 

certain period of time, which makes it important to secure supply. One aspect brought up 

is when the company needs to purchase low volumes. As stated by the respondent at 

Company X this can be costly since the company has limited negotiation power when 

supplying low volumes. It might also be the case that the purchasing company is obliged to 

buy a certain volume per order, which then needs to be kept in stock, driving cost and risk 

of obsolescence. This is, for example, the case for Fläkt Woods that has some spare parts 

with a set quantity to purchase in order for the supplier to continue the production. One of 

the respondents states that if the requested order quantity gets too high, 3D printing could 

be a solution. It might also be the case that the supplier is no longer available, as brought 

up by the respondent at Saab Training & Simulation. Another aspect is the issue of 

supplying spare parts for phased out products, identified by a majority of the respondents. 

For example, Volvo Cars buys all spare parts from external suppliers and can be placed 

with an ultimatum when there is no longer economically feasible for the supplier to 

produce. The respondent at Volvo Cars tells that the company either needs to make one 

final buy to cover the ten-year service period or accept higher prices. When making one 

final buy it is almost impossible to estimate the required quantity, and purchasing large 

volumes generate extensive stock. For spare parts produced internally, the issue of having 

tools available after the product goes out of production is emphasized by several 

respondents, and some also identifies this as a possible area where 3D printing could assist. 

Respondents at Husqvarna describe how the tools are scrapped when a product is 
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eliminated and how an unexpected demand might lead to large investments in time and 

money for producing new tools. The way 3D printing could assist is either to print the 

spare part requested or by printing a new tool, a possibility identified by for example 

Company X. As described by the respondent at Swerea Swecast, this is called ‘indirect 

additive manufacturing of metal parts’ and one benefit is that all metal alloys available for 

conventional casting also can be used to fill the 3D printed tool. In previous research 3D 

printing has been described as a way to gain control over supply for parts where supply risk 

is considered high. Roda et al. (2014) discuss how sporadic supply of low volumes disfavor 

the company in terms of negotiation power and often leads to high procurement costs. The 

authors further bring up the obligation to purchase a certain volume, which then needs to 

be stored. Knofius et al. (2016) state that disruptions in the supply can be a result of a 

supplier deciding that the production is no longer economically feasible, due to low 

volumes. The issue of scrapped tools for spare parts and the way that 3D printing could 

support by printing tools for metal parts are findings that are not emphasized in previous 

research. 

5.2 What 3D Printing Limitations Need to be Considered for 

Printing Spare Parts? 

The codes derived from the empirical data concerning the second research question are 

reflected in table 4 below and further discussed in the following paragraphs. The table 

illustrates what 3D printing limitations each company mentioned that need to be taken into 

consideration for a spare part to be suitable for 3D printing. For companies that stated the 

importance of ‘quality’ as a factor, both strength and surface finish were assessed to be 

covered. 

 

All respondents cover the cost aspect in some way when considering if 3D printing could 

be a suitable technology to implement. However, they have different views on which costs 

that should be included in comparing 3D printing with conventional manufacturing. For 

example, SIT, which is the only company that use the technology for printing of spare 

parts, only takes into consideration the production cost when deciding if a spare part is 

profitable to print. Both Volvo Cars and Company X are in opposition to this line of 

thought. The respondent at Volvo Cars, for example, states that it is important to consider 

the total logistics costs when comparing the two production methods. While only taking 

into consideration the production cost, 3D printing will rarely be the best choice but the 
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Swerea 
Swecast 

 
Fläkt 

Woods 

 
Husqvarna 

 
ITAB 

Saab 
Training  

& 
Simulation 

 
Volvo 
Cars 

 
SIT 

 
Company 

X 

 
Electrolux 

Costs X X X X X X X X X 

Speed X X    X  X X 

Material X X X   X   X 

Object 
Size 

X    X X X  X 

Part 
Strength 

X  X  X X X X X 

Surface 
Finish 

X  X   X  X X 

Table 4. 3D printing limitations identified by respondents. 

technology can help the company to cut other costs, such as the cost of storing. Also, the 

respondent from the research institute Swerea Swecast thinks it is important to consider 

other costs, in addition to the cost of production. 3D printing requires an investment in a 

printer, the raw materials are more expensive, the production takes more time, and it also 

requires more energy in comparison to conventional methods. However, the respondent 

means that it is important to look at the possible business model a part can obtain from 3D 

printing to understand what benefits the extra costs can generate. The respondent further 

states that the focus should be on costs during the part’s entire life span and not only 

during the production itself, giving the example that energy costs are higher during 

production but usually lower later when the part is being used since its lighter weight. One 

of the respondents from Husqvarna also states that one solution could be to use a third 

party to print desired spare parts, instead of investing in the technology themselves. Also in 

previous research, it is suggested to consider other costs than only the cost of production 

when comparing 3D printing with conventional manufacturing. For example, Holmström 

et al. (2010) state that an increased cost of production might be worthwhile if, for instance, 

the storage costs can be decreased. Sasson and Johnson (2016) further state that some parts 

can be highly disruptive for the regular production and 3D printing can help companies to 

save costs to let the production run more stable.  

 

Speed is usually of great importance when serving customers with spare parts (Gzara et al., 

2014). Throughout the interviews, the respondents have expressed speed in two meanings: 

production time and responsiveness to customers. Both these aspects need to be 

considered when comparing 3D printing with conventional manufacturing. The 
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respondent from Company X explains that customers risk having their production down 

and that Company X, therefore, has a standard to serve their customers with spare parts 

within 24 hours. The printing process therefore needs to provide a certain speed to print 

on demand and still achieve the set timeframe instead of having parts in stock. The 

respondent from Swerea Swecast thinks that speed is one of the main limitations of 3D 

printing. He continues stating that the post-treatment is a major disadvantage in terms of 

speed. However, the respondent from SIT does not see the post-treatment as a challenge. 

Time for solely the production is, in general, more time consuming for printing than for 

conventional methods (Khajavi et al., 2014). However, Volvo Cars and Electrolux state 

that in situations of urgent orders and no parts in stock, 3D printing could provide better 

responsiveness. The respondent from Electrolux says that it might take some time for the 

production to change their current production plan and start producing the spare part. The 

respondent from Volvo Cars believes that printing parts locally can shorten the delivery 

time to customers. Also, previous research identifies possibilities in distributed 3D printing 

production to increase responsiveness to customers (Knofius et al., 2016; Durao et al., 

2016). 

 

Availability of material is considered an important factor if 3D printing could be applicable 

according to the respondents. Considering the current situation, the respondents see some 

limitations in this area. For example, one of the respondents from Fläkt Woods states that 

the reason for why the technology has not been considered is because most of their spare 

parts consist of many different materials. This is one area where the technology is still 

lacking, printing in more than one material simultaneously (Oropallo & Piegl, 2016). Also, 

the respondent at Company X has seen limitations in the technology when it comes to 

producing assembled parts. According to the respondent from Swerea Swecast, the 3D 

printing technology has fewer materials to choose from, especially for metal. The majority 

of the respondents’ spare parts consist of plastic or metal. This indicates a need to extend 

the material range for metals in order for the technology to be more widespread and 

suitable for companies to utilize. 

 

Possible size of a printed part is another concern that the respondents have expressed. The 

respondent from SIT says that this concern is both due to the limited dimensions of the 

printers but also because bigger parts require longer time to print. Also in previous 

research, size is regarded as a limitation since most of the printers are quite small (Campbell 
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et al., 2011). The respondent from Swerea Swecast considers size to be one of the main 

limitations of 3D printing. The respondent says that the technique is developing in this area 

but for some technologies, it is not possible to make bigger printers. However, for other 

technologies, the machine can be as big as needed basically. Possible size of the part is 

thereby dependent on what technology the user wants and needs to utilize to produce a 

desired part. 

 

All respondents state that their companies sell high-quality products. This put pressure on 

the quality of components, both in terms of part strength but also surface finish. For 

example, the respondent at SIT sees great profits with printing shovels. However, these 

parts need to be able to handle huge powers for which the 3D printing technology cannot 

provide today. Part strength has also been discovered as a limitation for 3D printing in 

previous research, and Oropallo and Piegl (2016) state that the suitability of printing 

depends on intended usage and required strength. The respondent from Swerea Swecast 

states that conventional manufacturing still provides slightly better quality but that the 3D 

printing technology is getting better. The respondent continues saying that one main 

limitation for 3D printing is the lack of standards. For conventional manufacturing, the 

buyer could ask the supplier to follow a specific standard to get the requested properties, 

this is however not possible for the 3D printing technology. This complicates an 

outsourced 3D printing production as the respondents at Husqvarna discussed. 

 

Except for the importance of part strength, one of the respondents from Husqvarna also 

brings up the importance of surface finish. If a part is supposed to be visible to customers 

the company wants to have a nice surface. However, the respondent says that from his 

experience the surface finish of a 3D printed part looks a bit different. Due to this, he 

thinks that non-visible parts for the customer are the most suitable ones to print. 

According to the respondent from Swerea Swecast conventional manufacturing still 

provides slightly better surfaces. However, the technology VAT gives excellent surfaces 

and based on a study that compared surface roughness, 3D printing in metal was 

comparable to any other casting method. The respondent from Swerea Swecast also stated 

that the surfaces are getting better as the users get to know the technology. The 

consideration of surface finish is consistent with previous research that also covers this as 

an area to take into consideration (Huang et al., 2013). 
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5.3 Spare Parts Classification for 3D Printing Suitability 

The analysis of the empirical findings has shown what characteristics that make spare parts 

suitable for 3D printing, as well as what limitations of the technology that need to be 

considered. These findings are important aspects and constitute a foundation for the 

development of a spare parts classification, which is the purpose of the thesis and the main 

contribution. The aim of the classification is to guide companies that are considering 3D 

printing of spare parts in what types of parts that are suitable, thereby enhancing decision 

making. This is done by emphasizing what criteria are important to take into consideration, 

and by classifying spare parts into A, B, and C categories. As shown in the empirical 

findings, companies often have a large assortment of spare parts. The 3D printing 

technology is not suitable for all types of parts and it is necessary to select appropriate 

candidates to achieve a successful implementation. In the following sections, the spare 

parts classification will be presented and explained in terms of criteria, logic, structure and 

assessment. 

5.3.1 Choice of Criteria 

The decision of criteria included in the classification is based on the analysis in previous 

sections, which has allowed us to extract the five most important factors. The criteria are 

derived mainly from the second research question covering 3D printing limitations. Even 

so, answering the first research question give important knowledge of what spare parts are 

the most beneficial to switch from conventional manufacturing to 3D printing, based on 

the current challenges. These challenges impact total logistics costs for a spare part and are 

therefore included in the criteria of total logistics costs. The findings of what types of parts 

that are suitable for 3D printing in terms of spare parts characteristics are illustrated in 

table 5. 

 

Spare Parts Characteristics Low High 

Volume   

Frequency    

Uncertainty of Demand   

Value   

Design Complexity   

Supply Risk   

Table 5. Spare parts' characteristics suitable for 3D printing. 

In the spare parts classification, the criteria are arranged in accordance with their relative 

importance for deciding 3D printing suitability, based on the analysis in section 5.2. The 

Gray Area = Suitable 

for 3D Printing 
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criterion arranged at the top, total logistics costs, is assessed to be the most important one 

followed by a descending order. The following paragraphs motivate the criteria included as 

well as the choice of order.  

 

Total Logistics Costs 

Total logistics costs have been assessed to be the most important criterion to take into 

consideration in terms of 3D printing suitability. Before starting to print spare parts, 

companies require a viable business case. Companies will not start printing parts simply 

because it is possible. As seen from the empirical findings as well as previous research, 3D 

printing implementation will be done if cost savings can be gained. The total logistics costs 

of printing a part are affected by the characteristics of spare parts found in section 5.1 

(volume, frequency, uncertainty of demand, value, design complexity, and supply risk). A 

further explanation of how these characteristics affect the costs is also explained there.  

 

Object Size 

Object size is the second most important criterion based on the fact that the respondent 

from Swerea Swecast stated that size and speed are amongst the main limitations of 3D 

printing, but also since the majority of printers are for smaller items. The size of the object 

affects printing speed, as the bigger size, the longer printing time is required. Even though 

speed has been appointed as one of the main limitations of 3D printing, we have chosen 

not to include speed as a criterion in the spare parts classification for 3D printing 

suitability. This decision is motivated by the analysis of the first research question (5.1), 

which indicated that companies do not equate 3D printing and conventional manufacturing 

methods in terms of usage. The primary use of 3D printing, as identified by the 

respondents, is to deal with spare parts that are challenging and cause high total logistics 

costs. When discussing 3D printing, the printing speed is relevant to a certain extent but 

not seen as a decisive factor. For example, the respondent from Company X told about the 

requirements of supplying customers with spare parts within 24 hours. In that case printing 

speed matters to fulfill the requirements but it is not seen as critical as for conventional 

mass production, where speed is important to reach economies of scale.  

 

Material Requirements 

The third most important criterion for 3D printing is material requirements. This based on 

that the range of material is much less for 3D printing than for conventional 



 

 65 

manufacturing, especially when it comes to printing in metal. The majority of the 

respondents’ spare parts are either produced in plastic or in metal. A further significant 

limitation in the area of materials is the possibility to simultaneously print in more than one 

material. This technology exists today but is still at an experimental stage.  

 

Strength Requirements 

Strength requirements is also an important criterion since 3D printing, in general, cannot 

provide the same part strength as conventional manufacturing. It is the printing process 

itself, with the layer by layer method that causes this limitation together with the printing 

direction. The respondents emphasized the requirement of strength as an important factor 

when considering 3D printing for their spare parts. Several parts need to be able to handle 

high external impacts. 

 

Surface Finish Requirements 

Surface finish requirements are an important factor to consider, but the reason for why it is 

the least of the five limitations is since the most common technology (VAT) provides 

excellent surfaces. Also, printing in metal has been assessed to be comparable to any other 

casting. However, for some technologies, the surface finish is still inferior. In addition, 

parts with high requirements on the surface finish are more time consuming due to an 

extended post-treatment phase.  

 

The Classification 

The spare parts classification for 3D printing suitability is presented in figure 4. The criteria 

explained in the previous paragraphs are presented on the left side of the classification. The 

upcoming sections will focus on explaining the rationale behind the classification and how 

the assessments were made.  
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Figure 4. Spare parts classification for 3D printing suitability (own illustration). 

5.3.2 Classification Logic and Structure 

The spare parts classification for 3D printing suitability is based on the same logic as the 

ABC classification, presented in section 3.2.2. The reason for this choice is that the ABC 

classification is commonly used and many companies are already familiar with the concept, 

which we believe will enhance the understanding and utilization. The basic idea is to divide 

spare parts into A, B and C categories and formulate different strategies for how to treat 

each category. The A category includes the most important parts and is, therefore, subject 

for the largest focus. Parts that falls into the A category are a minor share in terms of 

numbers of products but represent the largest share of revenue, in line with the Pareto 

principle. In the spare parts classification, the A category includes the parts most suitable 

for 3D printing and is, therefore, the category that companies should focus on primarily. 

Parts within the B category is more difficult to start printing, whilst parts within the C 

category are not possible, or at least not worth printing. In contrast to the most common 

application of ABC classifications where a single criterion is used, our spare parts 

classification is using multiple criteria. According to previous research, the strength of the 

ABC classification is its simplicity in understanding and implementation. However, the 

single criterion approach is too simple to use for a diverse spare parts assortment and 
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previous research has expressed a need for multi-criterion models. In line with this, the 

spare parts classification uses five criteria to decide the suitability of 3D printing. 

 

The spare parts classification is structured using a scale from 1-10 where 1 represents most 

suitable for 3D printing and 10 least suitable. To decide the suitability of 3D printing we 

assess the output of each criterion, in terms of low versus high output. For example, when 

the output of total logistics costs is low, the higher probability the part will be suitable for 

3D printing. In contrast, when the output is high the less suitable the part will be. 

Assessments of each criterion will follow this logic and will be further explained in section 

5.3.3. To make assessments in a systematic way of how to create the different categories of 

A, B, and C, a division of the scale into intervals has been done. These intervals illustrate 

how suitable a spare part is for 3D printing in terms of each criterion. The more significant 

limitation, the less spare parts will be suitable for printing, and the lower number will be 

received on the scale. The scale is divided into five intervals as illustrated in table 6. 

 

1-2 Suitable  

3-4 Possibly Suitable  

5-6 Challenging  

7-8 Very Challenging 

9-10 Not Suitable  

Table 6. Scale intervals of suitability for 3D printing. 

5.3.3 Assessment of Criteria 

The following paragraphs focus on assessments of the criteria and provide an explanation 

of how each criterion was divided into the different A, B, and C categories. Since the two 

most common 3D printing technologies are VAT with 34 percent and powder bed fusion 

with 31 percent, these will constitute the base for assessing how significant the different 

limitations are. The assessment is based on the empirical findings as well as previous 

research and is a generalization. Exceptions will occur, as different 3D printing 

technologies provide different properties. An ABC classification is commonly based on 

quantitative data. To be able to make assessments based on qualitative data we have 

adopted the perspective of contingency theory. This choice is in line with Baccetti and 
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Saccani (2012), that similarly conducted a qualitative research study. Contingency theory is 

an organizational theory saying that “...differences in technological and environmental dimensions 

result in differences in structure, strategies and decision processes” (Baccetti & Saccani, p.732). This 

implies that the way companies work is dependent on the context they are operating in. 

Previous research has stated that a contingency perspective is suitable to adopt in research 

topics that are lacking theoretical frameworks (McAdam, Miller & McSorley, 2016), which 

is relatable in the research of 3D printing of spare parts. In analyzing the empirical data, we 

have seen that it will not be possible to generalize and state how a business model for 3D 

printed parts should look like, but that each case is dependent on the context and a number 

of variables. However, it is possible to generalize the criteria that need to be taken into 

consideration when deciding whether a part is suitable for 3D printing. The contingency 

perspective will support our assessment, where we analyze the suitability of 3D printing 

through a focus on the contingency variables total logistics costs, object size, material 

requirements, strength requirements and surface finish requirements. These variables, i.e. 

criteria, allow to differentiate between organizational contexts and decide the suitability of 

3D printing. The suitability of 3D printing for spare parts is dependent on the output of 

criteria stated. Further, the contingency perspective assists in showing dependencies of 

each criterion, which impact the assessment of the limitation. 

 

Total Logistics Costs 

For a spare part to be suitable for 3D printing in terms of total logistics costs the output of 

the criterion needs to be low. This means that parts that achieve low total logistics costs 

when 3D printed are more suitable than parts where the total logistics costs become high. 

As stated several times throughout the thesis, all parts are not suitable for 3D printing. For 

spare parts that are frequently ordered and sold in large quantities, total logistics costs when 

3D printed will most probably be higher in comparison to conventional production 

methods. However, for spare parts that are challenging, and are causing high total logistics 

costs in the current set up, 3D printing could be a suitable option. Adopting the 

perspective of contingency theory, the limitation of cost is dependent on characteristics of 

the spare part, as analyzed in section 5.1, as well as cost drivers of 3D printing. It is, 

therefore, necessary to evaluate each part separately. Additionally, the suitability of 3D 

printing is dependent on total logistics cost for 3D printing in comparison to conventional 

methods. The assessment for creating the categories of total logistics costs reflects current 

limitations and is based on the intervals presented in table 6. In terms of solely the 
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production costs, 3D printing is in most cases significantly more expensive than 

conventional manufacturing. This indicates that when only considering the cost of 

production, spare parts that are suitable for 3D printing will be very limited. By instead 

looking at total logistics costs for a spare part, the probability of creating a viable business 

model for 3D printing the part increases. This is the reason for why category A is from one 

to three on the scale. It is however still high production costs of 3D printing that drive the 

costs and that limit the usage of 3D printing. This motivates why category B reaches up to 

number five and not higher on the scale. With high total logistics costs, it will become 

difficult for the 3D printing technology to print a part more profitable than produced 

conventionally. 

 

Object Size 

For a spare part to be suitable for 3D printing in terms of object size the output of the 

criterion needs to be low. This means that small items are more suitable in contrast to 

larger items. Adopting the perspective of contingency theory, the limitation of object size is 

dependent on what type of technology is utilized. The assessment for creating the 

categories of object size reflects current limitations and is based on the intervals presented 

in table 6. The most common technology, VAT, only prints in small sizes. Further, 

regardless of technology, the majority of printers available on the market today are for 

smaller items. These aspects illustrate that the size of a spare part is a highly significant 

limitation and that only a restricted number of spare parts will be suitable to print. The 

assessment of object size as a highly significant limitation motivates why only a small 

number of spare parts fit into category A. However, there are 3D printing technologies that 

are capable of printing larger items. For example, the second most common technology, 

powder bed fusion, allows printers to be as big as needed as long as the equipment is 

stable. Since it is possible to print larger objects as well, this motivates our decision for why 

category B stretches up to number five on the scale. Even though bigger objects are more 

challenging to print it could still be possible since the technology to some extent already 

exist.  

 

Material Requirements 

For a spare part to be suitable for 3D printing in terms of material requirements the output 

of the criterion needs to be low. This means that spare parts where the requirements on 

specific types of materials are low, are more suitable for 3D printing. The reason is a higher 
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probability of finding a suitable material and, if necessary, switch from the original material. 

In contrast, when the material requirements for a part are high, it could be very difficult to 

use 3D printing due to the limited range of materials. Adopting the perspective of 

contingency theory, the limitation of material is dependent on the technology used and 

how high the requirements are on a specific material. The assessment for creating the 

categories of material requirements reflects current limitations and is based on the intervals 

presented in table 6. The 3D printing technology provides a restricted number of materials 

and is seen as a very high limitation. Only a limited number of spare parts will be suitable 

for 3D printing, which motivates why category A stretches up to number two on the scale. 

The B category is assessed between intervals two and four. Even though the manufacturer 

has low requirements few parts are suitable for 3D printing since the limitation is of such 

significance. The restricted number of available materials in combination with the 

limitation to print in more than one material motivates why this criterion is such a great 

limitation. 

 

Strength Requirements 

For a spare part to be suitable for 3D printing in terms of strength requirements the output 

of the criterion needs to be low. This means that parts with low requirements on part 

strength are more suitable for 3D printing in contrast to part with high requirements. 

Adopting the perspective of contingency theory, the limitation of part strength is 

dependent on what type of technology is utilized and what part strength is required. The 

assessment for creating the categories of strength requirements reflects current limitations 

and is based on the intervals presented in table 6. The most common 3D printing 

technology, VAT, provides reasonable strength but, in general, 3D printing is still inferior 

to conventional methods. But, far from all spare parts have high requirements on strength. 

Based on these aspects, category A is assessed up to number three on the scale. However, 

the technology still holds limitations the higher the requirements become. This motivates 

why category B reaches up to number 5 on the scale, in the area of challenging to print, and 

not higher.  

 

Surface Finish Requirements 

For a spare part to be suitable for 3D printing in terms of surface finish requirements the 

output of the criterion needs to be low. This means that parts with low requirements on 

the surface finish are more suitable than parts with high requirements. As reflected in the 
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empirical findings, this could relate to parts not visible to customers. Adopting the 

perspective of contingency theory, the limitation of surface finish is dependent on what 

type of technology is utilized as well as how high the requirements are. The assessment for 

creating the categories of surface finish requirements reflects current limitations and is 

based on the intervals presented in table 6. The limitation of surface finish is seen as the 

least significant one out of the five. The 3D printing technology can in many cases provide 

as nice surface finishes as conventional manufacturing. This motivates why category A is 

assessed from one to three on the scale. It is not too hard to find parts suitable to print in 

terms of this criterion. Also, category B is quite widespread and stretches up to number six 

on the scale. Even though the manufacturer has quite high requirements on surface finish 

and the part should be quite difficult to print, it could still be possible due to the fact that 

this limitation is not too difficult to overcome.  

 

The different classes of A, B, and C illustrate the division of spare parts that are suitable to 

print (category A), spare parts that can be printed but with some difficulties (category B), 

and spare parts that are hard or even impossible to print (category C). Class A represent 

around 20 percent of total amount of spare parts and about 80 percent of the spare parts 

that are possible to print. Class B represent around 30 percent of all spare parts and about 

15 percent of the spare parts possible to print. Lastly, class C represent around 50 percent 

of all spare parts and about five percent of the spare parts possible to print. 

5.3.4 Connection to Previous Research 

The empirical findings in terms of spare parts characteristics and 3D printing limitations 

are relatively consistent with previous research. A revised conceptual model, illustrated in 

figure 5, is derived from the analysis and highlights the main findings.  

 

As regards to spare parts characteristics, the empirical findings are consistent with previous 

research. However, some aspects have been emphasized through the interviews. One 

example is the characteristic of supply risk in general, and more specifically challenges of 

scrapped tools. The usage of 3D printing for producing tools, in contrast to finished parts, 

is an opportunity discussed by several respondents. As stated earlier, this type of 3D 

printing is labeled ‘indirect additive manufacturing of metal parts’. Considering 3D printing 

limitations, the empirical findings are found in previous research. However, some aspects 

have been emphasized as decisive throughout the interviews whilst some aspects have 
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decreased in importance, due to rapid technological developments. Two factors 

emphasized throughout the interviews are total logistics cost as well as object size. Previous 

research highlights the cost aspect, for example by discussing cost drivers for 3D printing. 

However, the aspects of considering total logistics costs for a spare part when evaluating 

3D printing suitability has not been extensively covered. Similarly, the importance of 

limitations in object size is emphasized by the respondents but not thoroughly highlighted 

in previous research. As stated, some aspects have decreased in importance. This is true for 

the limitation of surface finish, where the empirical findings indicate that this limitation is 

no longer that critical as stated in previous research. Even though the frame of reference 

consists of recently published research in 3D printing, the technological development is 

fast, which could explain the change. 

  

Spare Parts Characteristics: 

o Low Volume 
o High Frequency 
o High Uncertainty of 

Demand 
o High Value 
o High Design 

Complexity  
o High Supply Risk 

 

3D Printing Limitations: 

o Costs 
o Speed 
o Material 
o Object Size 
o Part Strength 
o Surface Finish 

Figure 5. Revised conceptual model (own illustration). 
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6. Conclusion 

The following chapter presents the conclusions of the thesis. Initially, the focus is on answering the research 

questions and thereafter the purpose. The spare parts classification for 3D printing suitability is the main 

contribution of the thesis. Conclusions derived from the classification is presented and the relevance of the 

model is highlighted. 

 

Fulfilling the purpose of the thesis has been possible by answering the two research 

questions. The answers have been of great importance in creating the spare parts 

classification, providing insights of what criteria are the most important ones to take into 

consideration when implementing 3D printing of spare parts. Further, the answers have 

been essential to making the assessments for the different categories in the classification. 

The first research question is focusing on what characteristics that make spare parts 

suitable to consider for 3D printing. As listed in table 7 we have been able to answer that 

query by six factors. Our findings show that all spare parts are not suitable for 3D printing, 

and that focus should be on the more complex parts in terms of management and design. 

A conclusion that can be drawn from the empirical study, as well as previous research, is 

that companies’ spare parts assortments often is characterized by a few fast-moving parts 

and a long tail of slow-moving spare parts. The parts that are frequently ordered are 

relatively easy to manage whilst the ones demanded more seldom are challenging. The 3D 

printing technology could serve as a suitable complement for the conventional production 

of spare parts to simplify the management of the most complicated parts.  

 

The second research question concerns the 3D printing technology in terms of what 

limitations that need to be taken into consideration for printing of spare parts. Similarly, as 

for the first question, we are able to provide a list of aspects as an answer, presented in 

table 7. The 3D printing technology provides great potential but still possesses several 

limitations that are holding the implementation back. By enlightening the limitations that 

need to be taken into consideration, and providing assessments of their significance, we 

support companies’ knowledge of spare parts suitable for 3D printing. The significance of 

the different limitations for 3D printing are dependent on different aspects. Both in terms 

of different requirements for different parts, but also because of the various possibilities 

for the different technologies. 
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RQ1: What characteristics make spare parts 
suitable for 3D printing? 

RQ2: What 3D printing limitations need to be 
considered for printing spare parts? 

Low Volume Costs 

Low Frequency Speed 

High Uncertainty of Demand Material 

High Value Object Size 

High Design Complexity Part Strength 

High Supply Risk Surface Finish 

Table 7. Conclusions for the research questions. 

The purpose of the thesis has been to develop a spare parts classification for 3D printing 

suitability, and this is the main contribution. The classification illustrated in figure 4 in 

section 5.1, shows the significance of the limitations, and thereby what types of spare parts 

that are suitable for 3D printing. Our findings show that spare parts with low output in 

terms of total logistics costs, object size, material requirements, strength requirements and 

surface finish are most suitable for 3D printing. The use of the ABC classification ideology 

provides three different categories in regard to suitability. A conclusion that can be drawn 

from the classification is that only a small number of spare parts are suitable for 3D 

printing, given the current state of the technology. Our findings illustrate that the 

limitations of the technology still are significant and that further developments are needed 

to reach a wider adoption.  

 

The relevance of the spare parts classification for 3D printing suitability has been validated 

through the empirical study. The majority of the respondents expressed being in a phase 

where the 3D printing technology is viewed as interesting, or at the most evaluated as a 

possible complement for current spare parts production. The challenge is to create 

business models where 3D printing of spare parts is profitable for the company. Our thesis 

highlights the challenges as well as the possibilities for printing of spare parts. The spare 

parts classification contributes to both practitioners and academia by stating the current 

state of the 3D printing technology, and what implications that state has for spare parts. 
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7. Discussion 

The final chapter of the thesis applies a broader perspective and discusses implications of the study. A 

critical approach is adopted and possible improvements are identified. Finally, thoughts on future research 

areas are discussed. 

7.1 Contribution 

The thesis contributes to the academic research field by investigating the suitability of 3D 

printing for spare parts production, as well as by developing a classification. The research 

on 3D printing, in general, is rather scarce, and this is particularly true for research on 3D 

printing of spare parts. The thesis contributes to building new theory since a spare parts 

classification with regards to 3D printing has not been developed before. Our contribution 

could be seen as an incremental step in expanding the research within this topic. Further, 

this study contributes by applying a business perspective on a topic commonly studied 

from an engineering point of view. The shift in perspective is relevant for academia as well 

as practitioners. In academia because new insights can be reached by bridging two 

academic fields, and in practice because a business perspective is necessary to reach a wider 

adoption. For practitioners, this study provides insights about the current state of the 

technology and how to approach an implementation. Even though the 3D printing 

technology is not widely used for spare parts today, the speed of development is rapid and 

by adopting a proactive approach companies could gain benefits. Companies that neglect 

new innovations, such as 3D printing, may lose customers and by extension market share. 

The conclusions from this thesis could serve as a base for creating new business models, by 

emphasizing important aspects. Further, our study emphasizes the importance of spare 

parts and how 3D printing could assist in decreasing the complexity of spare parts 

management. 

7.2 Limitations and Critical Approach 

In working with the master thesis, we have realized that answering the question of what 

spare parts that are suitable for 3D printing is more complex than anticipated. This is 

primarily true from the perspective of 3D printing limitations, which has proven to be hard 

to generalize. The main reason is that the 3D printing technologies have different 

properties, for example in terms of surface finish and possibilities in materials. Therefore, 

one limitation of our thesis and the classification model is that there is no ‘perfect fit’ to all 
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different 3D printing technologies. Even so, we are convinced that our conclusions are 

valuable in showing what types of spare parts should be of interest in a 3D printing 

implementation. 

 

Our strategy for developing the spare parts classification has been to adopt a two-

dimensional perspective, of spare parts characteristics and 3D printing limitations. The 

empirical study has confirmed that these dimensions are relevant when discussing how 

suitable spare parts are for 3D printing. However, the dimension of spare parts 

characteristics is not explicitly included in the classification model but rather embedded in 

the criterion of total logistics costs. This could be seen as a limitation, but it is our 

perception that including the spare parts characteristics in the classification would not be a 

suitable choice. The reason is that the number of criteria in the classification model would 

be too extensive. A classification built on the double amount of criteria would be difficult 

to use in practice. As stated in previous research, models that include a large number of 

criteria are rarely used in practice due to the complexity. 

 

Another limitation is the fact that the classification is based on assessments of the authors. 

The assessments are based on theory as well as empirical findings, but no quantitative 

formula has been used to calculate the different groups in the classification. As for now, 

the classification illustrates the most significant 3D printing limitations and an approximate 

division of the different categories. However, to obtain more accurate numbers for the 

different groups in the classification, a quantitative study would have been needed. A 

further limitation concerning the classification is that theory states that companies rarely 

want to implement multicriteria classifications since they are perceived as too costly and 

complex. This sort of classification was made anyway since it is required to find the most 

appropriate spare parts to start printing. A classification based on only one criterion would 

have been too simple and no valuable results would have been able to generate out of it. 

The fact that we did a multicriteria classification might affect the actual usage of the 

classification and instead perform as a guideline concerning what types of spare parts that 

might be suitable for 3D printing.  

 

In adopting a critical approach to the research study, one of the limitations is that there is 

only one respondent that has the role of an expert in 3D printing. The reason for this is 

that our interpretation after conducting the literature review was that 3D printing 
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limitations already were extensively covered in previous research. However, we wanted to 

have one interview with an expert to grasp the latest updates and the current situation of 

the technology. In retrospect, we would probably have interviewed more experts in this 

area since the technological development is rather fast. Even though previous research is 

relatively new we discovered that a lot has happened in only a couple of years. Aspects 

covered in theory were not regarded by the respondent as limitations any longer and 

instead, he brought up some other aspects that were not extensively covered in theory.  

7.3 Suggestions for Further Research 

Throughout working on the thesis project, ideas for further research have emerged. One 

area that might be of interest to study is what types of costs should be included when 

comparing conventional manufacturing and 3D printing. From the empirical findings, we 

came to understand that all companies regard costs as an important factor when deciding 

to start printing or not. However, the respondents had split opinions on what cost aspects 

that should be included in a comparison. Therefore, a study that investigates what types of 

costs that are of importance to include in a comparison could be useful. Another area for 

further research could be to investigate if our findings for spare parts are applicable also for 

finished products. Such a study could investigate whether or not the criteria selected for 

our purpose is relevant for finished goods as well. If so, to look at how the distribution of 

A, B, and C categories would differ based on the assessment.  

 

It might also be interesting to study if the results would be consistent in other countries as 

well as for specific industries. However, the results might not differ significantly since these 

aspects to some extent already is covered in the thesis. All participating companies in this 

study are global actors that operate internationally. Further, the companies stem from 

different industries like automobile and the turbine industry. As touched upon earlier, one 

limitation of the thesis is that the classification is based on assessments of qualitative data. 

A suggestion for further research is therefore to conduct a quantitative study. In such an 

approach, the significance of the limitations could be quantified to achieve a more properly 

division of the different categories. 
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Appendix 1 

Interview guide for 3D printing expert (Section 4.1) 
 

• Could you briefly describe Swerea Swecast and your role here?  
 
1. Technologies 

• What 3D printing technologies are the most common ones to use? 
• What are the main differences between the most common 3D printing 

technologies? 
• What are the benefits and drawbacks with the different technologies? 

 
2. Conventional production vs 3D printing 

• How would you distinguish the main differences of 3D printing compared to 
conventional manufacturing technologies? 

• How do you think 3D printing technology could impact/change global markets 
and supply chains?  

o For spare parts supply chains? 
 
3. Benefits of 3D printing  

• What are the main benefits with 3D printing?  
• Do you know any specific benefits for 3D printing of spare parts? 

 
4. Limitations of 3D printing 

• What would you say are the biggest limitations for the 3D printing technology 
today? 

 
4.1 Materials 

o How would you describe the range of material compared to conventional 
production? 

o What materials are most suitable for 3D printing now (quality)? 
▪ Are these also the materials that is most commonly used? 

o What materials are upcoming? 
o What are the possibilities to print an object with several different materials? 

▪ How do this affect cost, speed and quality? 
 

4.2 Speed 
• How do the 3D printing technology perform in comparison to traditional 

manufacturing, in terms of speed? 
• Are there any circumstances where 3D printing is faster? 

o When? 
 

4.3 Quality 
• How do 3D printing perform in comparison to traditional manufacturing, 

in terms of quality? 
• What factors affect the quality of the output? 

 
4.4 Cost (material, energy, labor and machine) 

• What are the main cost drivers to consider when using 3D printing? 
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• How are the costs of material in comparison to conventional 
manufacturing? 

o How do you think the cost of material will change? 
• How are the costs of energy in comparison to conventional manufacturing?  
• How much approximately do you think a manufacturer would have to 

invest in a 3D printer to get a professional good quality one?  
o How do you think the cost of machines will develop? 

• How are the labor costs in comparison to conventional manufacturing? 
 
5. Areas of application 

• In what areas are 3D printing most commonly used? 
• How do you think the application of 3D printing for spare parts will develop? 
• What is necessary in order to see an increased usage? 
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Appendix 2 

Interview guide for companies in sections 4.2-4.9 

• Could you briefly describe the company as well as your role here? 
 
1. Spare parts supply chain 

• How is the spare parts supply chain of XX structured today? Could you give us an 
overview how XX serve their customers with spare parts? (production, 
outsourcing, inventory, make to stock or make to order) 

o Who is the customer in your case? 
• Approximately, how many spare parts items do you manage? 
• How would you describe XX’s spare parts assortment in terms of diversity? 
• How do the parts differ?  

 
2. Characteristics and challenges of spare parts management 

• What do you perceive as the biggest challenges in managing spare parts? 
• What are the reasons causing those challenges?  
• What kind of spare parts are causing the biggest issues for the company? 
• What is your strategy for managing the mentioned challenges? 

 
3. Management: Classification and strategies for forecasting methods and inventory control 

• Are all spare parts managed in the same way or does it differ? How? 
• Do XX use some kind of spare parts classification? Why/why not? 

o If yes, how do you classify in terms of criteria, and what techniques do you 
use? 

• How do the spare parts categories differ in terms of distribution strategy? 
• What methods are used to forecast demand?  

o Do you use different methods for different spare parts? 
• What methods are used for inventory decisions for spare parts in terms of 

inventory levels and number of locations? 
o Do you use different methods for different spare parts? 

 
4. 3D Printing 

• How familiar are XX with the 3D printing technology? Has it been considered as a 
method for production? 

o Why / why not? 
• What opportunities do you think the 3D printing technology has potential to bring 

for spare parts?  
• Focusing on your spare parts assortment, what type of parts do you think would be 

most feasible for 3D printing? In terms of the limitations in technology and spare 
parts characteristics. 

• Do you think 3D printing could help you to overcome some of the challenges in 
managing spare parts? 

 


