
 Eindhoven University of Technology

MASTER

Circular Design Strategies enabling Re-use in High-technology Manufacturing Firms

Calon, S.R.L.

Award date:
2020

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/0024d8f1-5186-4ecf-ac82-2cade9cdddab


 

 

Public 

  

Industrial Engineering and Innovation Sciences: Innovation; Technology, Entrepreneurship 

& Marketing, Innovation Management 

 

Circular Design Strategies enabling Re-use in 

High-technology Manufacturing Firms 

Master thesis 
Stef Robert-Jan Louise Calon 

 

Supervisors: 

TU/e supervisor (IE&IS) – Dr. Boukje Huijben 

TU/e supervisor (IE&IS) – Dr. Paul Moritz Wiegmann 

TU/e supervisor (IE&IS) – Dr. Alex Alblas 

By Stef Calon - 1261266 

Date: 24/08/2020 

 

 

 

Keywords: High-technology manufacturing industry, circular economy, waste, re-use, circular 

design, circular design strategies, design enablers, design for re-use.



 

0 

  

Public 

[Empty page] 

 



 

i 

  

Public 

Abstract 

Due to the growing population and the limit of raw materials, the competition for access to the 

raw materials has become a significant concern for the high-technology manufacturing industry. 

Therefore, high-technology manufacturing firms (high-tech firms) want to prevent rising raw 

material costs. By minimizing or preventing re-invention and in-company inventory waste, the 

increasing costs of raw materials can be reduced. To minimize or prevent this waste, high-tech 

firms must think about re-use at the beginning of the design process. To achieve that goal, a 

high-tech firm needs to design components, modules, and products that can be re-used in the 

same or in a different application. Therefore, the firm needs to adopt circular design strategies 

during the NPD (New Product Development) process of a component, module, or product. This 

thesis has been set up to investigate the possibilities of applying circular design strategies during 

the NPD of a component, module, or product by answering the following research question: 

How can circular design strategies lead to re-use in the high-technological manufacturing 

firms?  

The research question is answered by conducting a literature study and a case study. First, the 

literature study resulted in a conceptual framework represented in the Design for Re-use House. 

Second, a case study is conducted in a high-tech firm by executing ten semi-structured 

interviews, a questionnaire, and a brainstorm session. The case study resulted in a tested Design 

for Re-use House (Figure 0-1) and bottlenecks and improvements to implement re-use in the 

high-tech firm. 

 

Figure 0-1 Conceptual framework: Design for Re-use House 
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Circular design strategies aim to achieve long-term circular and sustainable designs and 

components, modules, and products. The high-tech firm adopts five different circular design 

strategies, which are (1) re-conditioning, (2) modularity, (3) flexibility, (4) standardisation, and 

(5) commonality. These five circular design strategies are enabled by operational decisions 

during the NPD phase. The operational decisions, i.e. design enablers with respect to the 

circular design strategies, include (1) remanufacturing, (2) repairability, (3) access and 

replicability, (4) reliability, (5) grouping and sub-assemblies, (6) easy (dis) assembly, (7) 

upgradability, adaptability, and extendibility, (9) identical specification, (10) platform 

definition, (11) roadmapping, and (12) fixing layout. 

The high-tech firms need to give re-use priority to implement design for re-use. This is done by 

the introduction of a re-use requirement, which guides an engineer through the NPD design 

process taking re-use into account. Moreover, priority can be created by developing a re-use 

business case, which increases the product value and the financial benefit with re-use for the 

high-tech firm. In addition, re-use priority should be created via a (corporate) policy to stimulate 

employees thinking of re-use during NPD. Moreover, a product design library is a necessary 

tool to increase the design history knowledge and to increase the knowledge of NPD 

developments across different platforms. Furthermore, a design for re-use training, including 

best and worst practices of practical design for re-use examples, needs to be created in order to 

create a re-use mindset. Finally, awareness in the organisation should be created by 

communicating the re-use goals of the high-tech firm. 

This research is conducted in one high-tech firm. This implies that the results are one case-

specific. Therefore, more research can be done in other manufacturing organisations.  

Furthermore, this research focused on the general applicability of the circular design strategies 

and design enablers in a high-tech firm. Hence, more research can be conducted to research the 

Design for Re-use House on specific product levels. Moreover, this research did not take design 

for recycling into account, which is beneficial to close the product life cycle. Finally, to make 

effective use of design for re-use, a re-use business driver needs to be developed. Future 

research is necessary to understand the opportunities and drawbacks for the manufacturing 

ecosystem incorporating design for re-use. 
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Definitions 

Table 1 displays the definitions of key concepts applied in this research. The table is built up 

from concept, definition, and literature sources.  

Table 1: Definitions 

Nr. Concept Definition Source(s) 

1 Circular design strategies General plans to achieve a long-term 

circular and sustainable product, 

module, component and design. 

(Bocken et al., 2016; Chouinard et al., 

2019; den Hollander et al., 2017; Mesa 

et al., 2018; Mestre & Cooper, 2017; 

Moreno et al., 2016; Reike et al., 2018; 

Sauerwein et al., 2019) 

2 Commonality Design products and modules that can 

use identical modules and components 

in different purposes. 
 

(Crawley et al., 2010; Kota et al., 

2000; Mesa et al., 2018; Simpson et 

al., 2006; Thevenot & Simpson, 2006) 

3 Design enablers Design enablers are product design 

decisions in the development of a 

product, module, and component that 

shape designs (e.g., sub-assemblies, 

roadmap, and standardized interface) 
 

(Blomsma et al., 2019; Bocken et al., 

2016; Chouinard et al., 2019; Cura, 

2016; den Hollander et al., 2017; Mesa 

et al., 2018; Mestre & Cooper, 2017; 

Moreno et al., 2016; Potting et al., 

2016; Reike et al., 2018; Sauerwein et 

al., 2019; Urbinati et al., 2018) 

4 Design for re-use Develop a design in such a way that it 

enables the re-use of the designed 

product, module or component. And 

the product design itself for the same 

or different application. 

(Bauch, 2004; Slack, 1998) 

5 Excess waste Accumulated manufactured 

components created by engineers, that 

has become useless as a result of 

newly developed components 

(Bauch, 2004) 

6 

 

Flexibility Design products, modules, and 

components that can adapt to changing 

conditions, requirements, and 

environments. 

(Blomsma et al., 2019; Bocken et al., 

2016; Crawley et al., 2010; Cura, 

2016; den Hollander et al., 2017; 

Moreno et al., 2016; Sauerwein et al., 

2019; Van den Berg & Bakker, 2015) 
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7 Modularity  Design modules based on clearly 

defined interfaces based on lifetime, 

maintenance, functions, risks, or 

upgrade interval to allow swapping or 

changing obsolete modules instead of 

changing the entire system. 

(Crawley et al., 2010; Mesa et al., 

2018; Rhodes, 2010; Sauerwein et al., 

2019; Simpson et al., 2014) 

8 Obsolete waste Manufactured components that have 

become obsolete as a result of newly 

developed, manufactured components 

that cannot be exchanged by the 

preconceived designs  

(Bauch, 2004) 

9 Re-conditioning Design products, modules, or 

components which, after failing to 

perform one or more of its functions 

satisfactorily, can be restored to fully 

satisfactory performance for the 

intended application. 
 

(Blomsma et al., 2019; den Hollander 

et al., 2017; Kuik et al., 2011; Mesa et 

al., 2018; Moreno et al., 2016; Potting 

et al., 2016; Reike et al., 2018; 

Sauerwein et al., 2019) 

10 Reinventing waste Product or component designs created 

by engineers which are already 

established designs of components 

created by engineers incorporated in 

products that are part of the product 

family (reinventing the wheel)  

(Pessôa & Trabasso, 2017) 

11 Re-use Use it again (Latin re means again) 

Use something again. 

The idea to re-use previously 

developed engineering artefacts in the 

engineering of a solution 

(Stallinger et al., 2011) 

12 Standardisation Design modules and components that 

fit on other products as well. 

(Alizon et al., 2006; Baldassarre et al., 

2017; Crawley et al., 2010; Cura, 

2016; Mesa et al., 2018; Mestre & 

Cooper, 2017; Sauerwein et al., 2019) 

13 Waste Reinvented, obsolete, or excess 

hardware modules or individual parts 

as a result of NPD processes 

(Bauch, 2004; Pessôa & Trabasso, 

2017; Zakrzewska-bielawska, 2010) 
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1. Introduction 

The world population is growing significantly, from more than 6 billion people in 2000 to more 

than 7.7 billion people in 2020 (Worldometer, 2020). According to the United Nations and 

Institute for Health Metrics and Evaluation projections, the world population will reach 10 

billion by 2100. In concert, population density is also projected to increase, and clustered areas 

will be found per the analysis of the World economic forum. However, the earth's resources are 

limited (Meadows et al., 1972). In fact, in 2019, the earth used up its annual allocated resources 

in 209 days according to the Global Footprint Network, a group that uses an array of mostly 

United Nations data. As a consequence of the growing population and the limit of raw materials, 

the competition for access to the raw materials has become a significant concern for, among 

other things, the high-technology manufacturing industry (European Commision, 2014). The 

authors of the European report that researched raw materials on the planet showed that there is 

a growth in the number of materials used across products made by the high-technology 

manufacturing industry. The high-technology manufacturing industry consists of organisations 

that are based on the fabrication, processing, or preparation of products from raw materials, 

such as metals (e.g., iron) and precious metal (e.g., gold), that emphasizes rapid technological 

innovation (Kapurch, 2007; Zakrzewska-bielawska, 2010). 

The high-technology manufacturing industry has traditionally been operating in a 

socioeconomic system that mainly applied the linear economy (Lieder & Rashid, 2016; 

Michelini et al., 2017). The linear economy consists of four steps (Lieder & Rashid, 2016; 

Macarthur, 2012; Michelini et al., 2017): (1) a manufacturing organisation purchases raw 

materials, (2) a manufacturing organisation creates certain products, (3) customers are adopting 

certain products from the manufacturing organisation, and (4) customers deposit their used 

products. In the future, as the competition for access to raw materials increases, the high-

technology manufacturing industry needs to find an alternative way for the linear economy and 

to be more conscious of using raw materials. A circular economy can replace the linear 

economy (Macarthur, 2012). Macarthur (2012), highlighted that a circular economy replaces 

the fourth step of the linear economy by creating a closed cycle wherein the used machined 

materials can be re-used (Yuan et al., 2006). This means that the disposing of the products needs 

to be replaced with the re-using of products and feeding it back into the manufacturing process. 

Thus, the high-technology manufacturing industry needs to adopt a circular economy transition 

(Potting et al., 2016). 
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High-technology manufacturing firms (high-tech firms) are innovative organisations. This 

implies that high-tech firms are creative and can continuously create innovations for a market 

(Zakrzewska-bielawska, 2010). As innovations are continually introduced in a specific market, 

old products in a linear economy become waste and are discarded. This problem occurs 

throughout the whole manufacturing industry that is operating on the linear economy principles. 

However, the challenge is even more significant in high-tech firms because of the high 

complexity of the product, the high investment risk, and the fast development processes 

(Zakrzewska-bielawska, 2010). 

A circular economy aims to design out waste, as described in the previous section. Waste in the 

high-technology manufacturing industry differs between the manufacturing process and New 

Product Development (NPD) (Schulze & Störmer, 2012). Non-value-adding activities 

characterize waste that occurs in the manufacturing process, for example, waste within the 

production processes such as the transportation of parts. However, in NPD, other types of waste 

occur, for example, excess and obsolete components and parts as a result of new products and 

the reinventing of existing designs for new products. Waste in high-tech firms is created due to 

the fast process of obsolescence of products and technologies (Zakrzewska-bielawska, 2010). 

When products or technologies are becoming obsolete, new products or technologies become 

the standard, and old products or technologies in the linear economy are discarded. This thesis 

focuses on hardware inventory and re-invention waste of products and components as a result 

of NPD processes. 

The re-using step implies the prevention or minimization of waste through a "superior" product 

design created by a product manufacturer (Macarthur, 2012). Superior product design is a 

product design for which each component or part can be re-used. Re-use is defined as the idea 

to re-use previously developed engineering artefacts in the engineering of a solution (Stallinger 

et al., 2011). 

As can be seen in Figure 1-1, re-use can be seen viewed from two perspectives. The left 

perspective is related to recycling and implies a closed cycle (Chouinard et al., 2019; Kuik et 

al., 2011; Van den Berg & Bakker, 2015). This means components or products that are designed 

in such a way that raw materials can be collected from the objects that can be re-used in other 

product cycles. The remaining materials can be used for energy purposes, for example, the 

combustion of remaining parts for heat purposes (Blomsma et al., 2019; Bocken et al., 2016; 

Bovea & Pérez-Belis, 2018; Chouinard et al., 2019; Mestre & Cooper, 2017; Potting et al., 



 

3 

  

Public 

2016; Reike et al., 2018; Urbinati et al., 2018; Van den Berg & Bakker, 2015). In this approach, 

the functionality of the artefact will be lost. Therefore, the scope of this thesis is the second and 

right perspective of re-use, as can be seen in Figure 1-1, which is re-use that retains its 

functionality. Furthermore, there is limited research to design for re-use applied in 

manufacturing organisations. To summarize, recycling is part of re-use but not within the scope 

of this research. 

In Latin, “re” means “again”, thus “re-use” means literally to use something again. In general, 

something can be used again in the ”same” application (Blomsma et al., 2019; den Hollander 

et al., 2017; Potting et al., 2016; Reike et al., 2018; Urbinati et al., 2018) or “different” 

application  (Bocken et al., 2016; Chouinard et al., 2019; Kuik et al., 2011; Moreno et al., 2016; 

Van den Berg & Bakker, 2015). Products or components need to be designed to be used again 

in order to minimize or prevent inventory and re-invention of waste. This is called Design for 

Re-use (Slack 1998; Bauch 2004). The scope of this research (Figure 1-1) is limited to design 

for re-use in the same or different application. 

 

Figure 1-1: Re-use scope of this thesis (Bocken et al., 2016; Chouinard et al., 2019; Kuik et al., 2011; Moreno et al., 2016; Van 

den Berg & Bakker, 2015) 

A circular economy transition in the manufacturing organisations can be accelerated when the 

organisations are adopting circular design strategies in the production chain of the organisation 

to enable design for re-us and thus limit waste (Blomsma et al., 2019; Chouinard et al., 2019; 

Mestre & Cooper, 2017; Moreno et al., 2016; Potting et al., 2016). Circular design strategies 

are general plans to achieve a long-term circular and sustainable design or product, module, and 

component. These circular design strategies are achieved by incorporating multiple design 

enablers in the design (Blomsma et al., 2019; Chouinard et al., 2019; Mestre & Cooper, 2017; 
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Potting et al., 2016). The strategies contributing to a circular product design are characterized 

by product life extension (Bocken et al., 2016; Cura, 2016; Sauerwein et al., 2019) amongst 

design enablers that can add value. Design enablers are product design decisions in the 

development of a product that shape designs (Blomsma et al., 2019; Bocken et al., 2016; 

Chouinard et al., 2019; Cura, 2016; den Hollander et al., 2017; Mesa et al., 2018; Mestre & 

Cooper, 2017; Moreno et al., 2016; Potting et al., 2016; Reike et al., 2018; Sauerwein et al., 

2019; Urbinati et al., 2018).  

Figure 1-2 displays the re-use framework of this thesis. As can be seen in Figure 1-2, some 

circular design strategies are applicable to re-use in the same application and re-use in a 

different application. As a result of literature research, this thesis will discuss five different 

circular design strategies: (1) re-conditioning, (2) modularity, (3) flexibility, (4), 

standardization, and (5) commonality. As can be seen in Figure 1-2 underneath the circular 

design strategies, design enablers are displayed. The design enablers for each strategy will also 

be discussed in this thesis. To conclude, the high-tech firm’s NPD department should 

incorporate circular design strategies that lead to re-use in the same application or different 

application (Figure 1-2).  

 

Figure 1-2: Circular design strategies categorized to re-use cycles based on literature (Blomsma et al., 2019; Chouinard et al., 

2019; den Hollander et al., 2017; Mestre & Cooper, 2017; Moreno et al., 2016; Potting et al., 2016; Ritala et al., 2018; Van den 

Berg & Bakker, 2015) 

1.1  Research objective and research questions 

The traditionally operating high-tech firms are creating a significant amount of waste when 

continuing operating on the linear economy (Zakrzewska-bielawska, 2010). Therefore, a high-
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tech firm needs to adopt a circular economy (Macarthur, 2012). Re-invention and inventory 

waste can be minimised by re-use in the same or in a different application (Slack 1998; Bauch 

2004). Re-use need to be incorporated in the design by applying circular design strategies, 

which are enabled by design enablers (Blomsma et al., 2019; Chouinard et al., 2019; Mestre & 

Cooper, 2017; Moreno et al., 2016; Potting et al., 2016). Therefore, this thesis will identify the 

circular design strategies to enable the re-use of products and components in the high-

technology manufacturing industry.  

The unit of analysis for this thesis is the high-tech firm’s NPD department. This thesis discusses 

which circular design strategies and design enablers are applicable for re-use in the same and 

different application in the high-technology manufacturing context. 

The findings of this research aim to contribute to the management literature (Simpson et al., 

2006) (design trade-offs) as well as the sustainable engineering (Mestre & Cooper, 2017; 

Potting et al., 2016) (circular design strategies). Blomsma et al. (2019), indicated that more 

research on circular design strategies in different manufacturing contexts is necessary, 

especially in environments with highly complex innovations. This thesis contributes to that field 

by gathering empirical data through qualitative research at a high-tech firm’s NPD department. 

This thesis will, therefore, answer the following main research question and sub-research 

questions: 

Main research question: How can circular design strategies lead to re-use in the high-

technological manufacturing firms? 

Sub-research question 1: What circular design strategies enable re-use in the high-

technology manufacturing industry according to literature? 

Sub research question 2: Which design strategies for re-use are applied in a high-

technological manufacturing firm? 

Sub-research question 3: What are the bottlenecks and improvements for 

implementation of circular design strategies for re-use in a high-technological 

manufacturing firm? 

1.2  Theoretical value 

This thesis will contribute to the research of the circular design strategies on new product 

development in manufacturing organisations, by adding value on how circular design strategies 
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lead to re-use in high-tech firms (Blomsma et al., 2019; Bocken et al., 2016; Bovea & Pérez-

Belis, 2018; Buiga, 2012; Chouinard et al., 2019; Cura, 2016; den Hollander et al., 2017; Mesa 

et al., 2018; Mestre & Cooper, 2017; Moreno et al., 2016; Reike et al., 2018; Sauerwein et al., 

2019; Simpson et al., 2006; Trujillo & de Weck, 2019; Van den Berg & Bakker, 2015). 

Furthermore, this thesis will contribute to the research on product design decisions that 

contributes to a re-usable product. Besides, this thesis gives insights into the organisational 

needs to implement design for re-use. Finally, the knowledge gained in this research triggers 

new research concerning the business value of design for re-use. 

1.3  Practical value  

The practical value of this research is to provide a framework to bring the theory into practice. 

As mentioned in the introduction, the raw materials on earth are limited, whereas the 

competition for obtaining raw materials between manufacturing organisations increases. 

Adopting right circular design strategies within a high-tech firm can help the organisation to 

design circular products and get one step closer to enable a circular economy. 

This thesis will provide insights into high-tech case-specific situations to discover if and how 

circular design strategies are leading to re-use. Besides, the thesis also intends to understand 

what is needed to implement design for re-use in a high-tech firm. This includes research on 

the barriers to implementing re-use and the reasons to secure design for re-use. The results can 

help the high-tech firm to establish a circular strategy themselves, to recognize the acceptable 

practices, and to build towards a direction to enhance designs of products and components for 

re-use in similar and other products in the product family of the organisation. In other words, 

establish long-life goods that eventually minimize high-tech waste. At the end of the thesis, the 

generalizability of the findings will be discussed as well. 

2. Theoretical background 

The theoretical background of this thesis answers the first sub-research question (SRQ1) “What 

circular design strategies enable re-use in the high-technology manufacturing industry 

according to literature”? Section 2.1 focuses on the starting-point of this research, namely, the 

waste that occurs in the high-tech manufacturing industry. For this research, it is necessary to 

describe the waste in order to find alternatives to prevent or minimize it. Section 2.2 highlights 

re-use in the same application and re-use in a different application to prevent waste in the high-

tech environment. Section 2.3 discusses the circular design strategies and describes the related 
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design enablers to these strategies. Finally, Section 2.4 concludes the theoretical background of 

this research and summarises the answer to the sub-question presented above. 

2.1  Waste 

Manufacturing organisations in the linear economy are often characterized by the production 

of structural waste (Macarthur, 2012). Structural waste in this research is considered as 

hardware products, components, or materials that reach their end of life by becoming obsolete 

prematurely (Macarthur, 2012) for example, a spare-parts, which is only applicable for an 

unavailable product. Appendix A discusses all different waste types that occur in the 

manufacturing industry, which is mentioned in the literature. The NPD of high-tech firms is, 

among other things, characterized by the fast diffusion of technological innovations and 

characterized by a fast process of devaluation of the prepared and applied technologies 

(Zakrzewska-bielawska, 2010). This implies that the  fast development of products and 

components results in small production batches, numerous patents, and licenses, and continuous 

innovativeness (Zakrzewska-bielawska, 2010).  

As a result of the high-technological NPD processes, a large amount of excess and obsolete 

products and components from multiple earlier generation products or developed innovations 

accumulate in the organisation. Besides, the in-company inventory continuously grows with 

spare parts, prototypes and, test equipment of old innovations, which eventually result in waste. 

The last waste type is the re-invention waste that is considered as NPD processes of products 

and components that already exist. These types of waste are generated by the NPD process and 

are characterized by re-invention, derived from over-processing, and in-company inventory 

waste (Pessôa and Trabasso 2017; Schulze and Störmer 2012; Bauch 2004).  

Based on the discussion above, waste is defined in this research as reinvented, obsolete, or 

excess hardware individual components as a result of NPD processes (Bauch, 2004; Pessôa & 

Trabasso, 2017; Zakrzewska-bielawska, 2010). At first, reinventing waste is originates from 

designs created by engineers, which are already established designs created by engineers 

(Pessôa & Trabasso, 2017). Secondly, obsolete wastes are manufactured components or 

products that have become obsolete as a result of newly developed manufactured components 

or products that cannot be exchanged by preconceived designs (Bauch, 2004). The newly 

developed manufactured components or products have become the standard that is not 

interchangeable with the earlier developed components. Finally, excess waste is accumulated 

manufactured components or products created by engineers that have become useless as a result 
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of newly developed components or products (Bauch, 2004). The newly manufactured 

components or products have become the standard that is not interchangeable with the earlier 

developed components. 

2.1.1 In company inventory and re-invention waste in high-tech firm’s NPD 

The re-use of existing design solutions or re-use experienced knowledge gained from previous 

product designs are enablers to the minimizations of waste in, for example, the high-tech firm 

(Bauch, 2004). However, organisations often do not seem to realize this approach, and 

engineers tend to start from scratch (Bauch, 2004). This refers to the reinventing waste in NPD. 

The cause of reinventing waste is the poor knowledge of re-use and poor design re-use (Bauch, 

2004). Firstly, inadequate knowledge on re-use is considered as knowledge about design 

solutions developed by individuals, but that is poorly documented or not communicated to other 

teams (Bauch, 2004). With the consequence that other teams must reinvent the solution. 

Secondly, poor design re-use is described as no utilization of exiting and reusable design or 

underutilization of valuable design knowledge of experts (Bauch, 2004). 

Re-utilization of design solutions is only possible when products or components are created re-

usable (Slack, 1998). Re-usable items are characterized by a longer lifetime, reduced 

maintenance costs, or can be used as a platform (Slack, 1998). In that way, re-usable items 

minimize reinventing waste. Furthermore, the longer designed lifetime of products or 

components contributes to the minimization of the obsolete and excess of products. This 

concludes that an excellent circular design strategy can minimize or prevent the reinventing and 

in company inventory waste. 

An example of effective design for re-use program can be seen in the low tech manufacturing 

organisations, for example, the manufacturers of irons, vacuum cleaners or heaters, are adopting 

design guidelines in the design phase to re-use components and to meet the requirements of the 

circular economy to minimize or to design out waste (Bovea & Pérez-Belis, 2018). As a result, 

components can be re-used in similar products or other generation products. However, the 

challenge is not the low technology industry but the high-technology manufacturing industry 

because of the complexity, high investment risk, and fast processes (Zakrzewska-bielawska, 

2010). The next section is discussing re-use. 



 

9 

  

Public 

2.2  Re-use 

Circular economy concepts involve efficiency and productivity-enhancing activity to minimize 

structural waste. These actions are known as re-use in the same application or different 

application (Figure 2-1) (Sauerwein et al., 2019). In circumstances where circular design 

strategies enable re-use, waste is minimized or prevented. This has been achieved by a superior 

design of a product or component brought about by different design enablers (Macarthur, 2012) 

that could be re-used and is cycled indefinitely (den Hollander et al., 2017). Design enablers 

are product design decisions in the development of a product, module, and component that 

shape designs (e.g., sub-assemblies, roadmap, and standardised interface) (Blomsma et al., 

2019; Bocken et al., 2016; Chouinard et al., 2019; Cura, 2016; den Hollander et al., 2017; Mesa 

et al., 2018; Mestre & Cooper, 2017; Moreno et al., 2016; Potting et al., 2016; Reike et al., 

2018; Sauerwein et al., 2019; Urbinati et al., 2018). 

As discussed in the introduction, re-use is defined as the idea to re-use previously developed 

engineering artefacts in the engineering of a solution (Stallinger et al., 2011). As can be seen in 

Figure 2-1 re-use is split into perspectives: (1) re-use for the same application (Blomsma et al., 

2019; den Hollander et al., 2017; Potting et al., 2016; Reike et al., 2018; Urbinati et al., 2018) 

discussed in 2.2.1, or (2) as re-use for a different application  (Bocken et al., 2016; Chouinard 

et al., 2019; Kuik et al., 2011; Moreno et al., 2016; Van den Berg & Bakker, 2015) discussed 

in 2.2.2. Both perspectives of re-use in the same and different application will be part of this 

research. 

 

Figure 2-1: Re-use scope of this thesis  (Blomsma et al. 2019; den Hollander et al. 2017; Potting et al. 2016; Reike et al. 2018; 

Urbinati et al. 2018;  van den Berg and Bakker 2015; Bocken et al. 2016; Chouinard et al. 2019; Kuik, Nagalingam, and Amer 

2011; Moreno et al. 2016) 
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2.2.1 Re-use in the same application  

Re-use in the same application is linked to reselling (Reike et al., 2018). According to Reike et 

al. (2018), re-use and re-sell both bring products back into the economy after the use. Blomsma 

et al. (2019) described re-use as a part or product that could be redistributed to a new use cycle. 

For example, consumers are purchasing second hand, cleaned parts, or products. Den Hollander 

et al. (2017) defined re-use as products or components that are not waste are used again for the 

same purpose for which they were conceived. Urbinati et al. (2018) state that re-uses regarding 

the same application is the distribution of discarded parts or products that are still operating 

well to other users in new product life cycles. Chouinard et al. (2019) elaborate that systems 

can be re-used by other stakeholders, like functionalities, as initially intended. According to 

these studies, re-use regarding the same application perspective is considered as products and 

components that can be re-used again as it is. This involves that products and components can 

be re-used in other multiple product life cycles as it is intended to use when the initial use life 

cycle is ended. 

2.2.2 Re-use in the different application  

Second, re-use regarding the different application is linked to the re-use of products and 

components (e.g., modularity, standardization, recover, and recycle) for other purposes than 

intended initially (Van den Berg & Bakker, 2015). The literature describes re-use in the 

different application in two different ways, namely: re-use regarding a closed product life cycle 

and re-use regarding a long-life product life cycle as a result of an extension of the intended 

product life cycle. 

Bocken et al. (2016) discusses product life cycle in a circular economy and states that re-use is 

about slowing down the product life cycle through a product and component design, or for long 

life and product life extension (Moreno et al., 2016). Besides slowing down the product life 

cycle, the writers elaborate that a circular economy is also about closing the product life cycle, 

i.e., re-use of the materials through recycling. Mestre and Cooper (2017) describe a product life 

cycle extension by intervening at various points in the product life cycle. Products and 

components are optimized, for example, upgraded in these intermediate points. As a result, a 

longer lifetime of products and components can be established for a different purpose. Kuik et 

al. (2011) stated that products or components could be redesigned in such a way that it is 

extending its usage lifecycle. Such a design is characterized by a standardized platform or 

modular design for recycling and re-use in multiple applications. According to Chouinard et al. 
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(2019), there is a distinction between the re-use of objects (products and components) and the 

re-use of materials. This summarises that re-use regarding the different application perspective 

is distinguished between products and components that can be re-used by closing the product 

life cycle or by extending the product life cycle. First, closing the product life cycle and using 

raw materials in multiple cycles is defined in this research as recycling. Second, the extension 

of the product life cycle and thereby create a long-life product cycle is defined in this research 

as the re-use in a different application. As discussed in the introduction is recycling out of the 

scope of this thesis because recycling destroys the functionality of a product or components. 

2.2.3 Two re-use cycles 

Section 2.2.2 discusses that re-use can be understood in two different ways. Re-use in the same 

application and re-use in a different application. Therefore, two re-use cycles can be deduced. 

Figure 2-2 displays these two re-use cycles and recycling.  

The second cycle that can be seen in Figure 2-2 is multiple product use cycles, which is related 

to re-use in the same application (Blomsma et al., 2019; den Hollander et al., 2017; Potting et 

al., 2016; Reike et al., 2018). This implies that a product or component is designed in such a 

way that it can be re-used "as it is" in other product cycles. 

The last re-use cycle that can be seen in Figure 2-2 is an extension of the product cycle and is 

related to re-use in a different application (Bocken et al., 2019; Mestre & Cooper, 2017; Moreno 

et al., 2016; Sauerwein et al., 2019). A long-life goods design has to be created to a different 

application for components and products (Bocken et al., 2016; Moreno et al., 2016; Van den 

Berg & Bakker, 2015). A long-life design for components implies that these are designed such 

that components can be re-used further than the original intended application and, in doing so, 

is able to extend the product life cycle beyond its intended use. Therefore, the long-life design 

of components could be applicable to multiple generations of products. 



 

12 

  

Public 

 

Figure 2-2: Two re-use cycles and recycling (N. Bocken et al., 2019; Mestre & Cooper, 2017; Moreno et al., 2016; 

Sauerwein et al., 2019; Van den Berg & Bakker, 2015) 

This thesis is focusing on the re-use of existing components and products to minimise re-

invention and inventory waste. The next chapter discusses the circular design strategies and 

design enablers. 

2.2.4 Re-use business benefits 

Re-use brings several benefits to the manufacturing industry. At first, re-use reduces life cycle 

costs by creating standard components and products that are functional for different product 

versions or generations (Wicht & Crawley, 2012). Secondly, it improves reliability because 

components and products proved their functionality in earlier developed innovations (Wicht & 

Crawley, 2012). Additionality, it increases the overall efficiency and effectiveness of an 

organisation through reduction of costs, reduction of move rate capability (lead times), 

reduction of risk as wastes, and the reduction as the risk of ramp-up (Rhodes, 2010; Thevenot 

& Simpson, 2006; Wicht & Crawley, 2012). 

Reduction of costs can be derived from the re-invention of waste. When components or 

products have proved their functionality in earlier developed innovations, they could be re-used 

in new innovations. As a result, an engineer does not have to "reinvent the wheel" again. The 

reduction of lead times is referred to as the decreasing development time of new products. Past 

learnings can be incorporated into a new component or product design, which results in a 

decrease in the development time of the innovation. However, re-use could minimise the 

innovation possibilities because re-use regulations will freeze parts (Rhodes, 2010; Thevenot 

& Simpson, 2006; Wicht & Crawley, 2012). Decreasing innovation possibilities could decrease 

the product value. 
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The reduction of risk of wastes referred to the minimization of the obsolete and excess 

components and products. The reduction of risk of ramp up refers to the decreasing risk in the 

mass production of new products. The risk of ramp-up can be reduced by implementing a 

certain level of design commonality across the product families. Risks can be reduced when re-

useable parts are deliberately included in the product design since a high percentage of parts, 

has already proven their functionality in earlier developed products. In contrast with a 

production of a completely new product, each individual part needs to be tested on their 

functionality, or in other words, these products contain a high risk of ramp-up. 

Furthermore, high level of re-use in same and different application across the product family 

decreases the number of unique techniques and components and increases the number of 

reusability of techniques and components (Rhodes, 2010; Thevenot & Simpson, 2006; Wicht 

& Crawley, 2012). Finally, the quality of the products increases, and the risks of innovation 

learning decrease because a significant number of mature products are included. This concludes 

that a certain level of re-use in the same of different application reduces life cycle costs, improve 

reliability, increases efficiency and effectiveness of an organisation, and increase the reusability 

of products and components. 

2.3  Circular design strategies and enablers for re-use 

Based on the literature review, five circular design strategies for re-use were found: (1) rework, 

(2) modularity, (3) flexibility, (4) standardisation, and (5) commonality. This chapter is 

subdivided into three sections, (1) circular design strategies, (2) design enablers, and (3) 

illustrative case. 

2.3.1 Circular design strategies 

Circular design strategies are defined in this research as general plans to achieve a long-term 

circular and sustainable product or component by applying designs enablers that improve a 

product or component design circularity (Blomsma et al., 2019; Bocken et al., 2016; Chouinard 

et al., 2019; Cura, 2016; den Hollander et al., 2017; Mesa et al., 2018; Mestre & Cooper, 2017; 

Moreno et al., 2016; Potting et al., 2016; Reike et al., 2018; Sauerwein et al., 2019; Urbinati et 

al., 2018) Figure 2-3 displays the circular design strategies leading to design for re-use. 
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Figure 2-3: Circular design strategies leading to re-use in the same application and different application (Blomsma et al., 

2019; Bocken et al., 2016; Bovea & Pérez-Belis, 2018; Chouinard et al., 2019; Crawley et al., 2010; Cura, 2016; den Hollander 

et al., 2017; Mesa et al., 2018; Mestre & Cooper, 2017; Moreno et al., 2016; Potting et al., 2016; Reike et al., 2018; Sauerwein 

et al., 2019; Simpson et al., 2014; Trujillo & de Weck, 2019; Urbinati et al., 2018; Van den Berg & Bakker, 2015) 

As can be seen in Figure 2-3 is the framework build upon the two re-use perspectives and their 

circular design strategies. Figure 2-3 shows that circular design strategy modularity and 

flexibility only overlap between re-use in the same and different application. 

The first circular design strategy that leads to re-use is defined in this thesis as re-conditioning. 

Re-conditioning is a strategy that helps to create products which, after failing to perform one or 

more of its functions satisfactorily, has been restored to entirely satisfactory performance in the 

same application, including functionality, quality and expected life (Blomsma et al., 2019; den 

Hollander et al., 2017; Kuik et al., 2011; Mesa et al., 2018; Moreno et al., 2016; Potting et al., 

2016; Reike et al., 2018; Sauerwein et al., 2019). 

The second circular design strategy is Modularity. This strategy groups an entire system in 

clearly defined interfaces based on the functionality, upgrade moment, maintenance moment, 

obsolescence, lifetime, scheduled remanufacturing, and scheduled repair (Crawley et al., 2010; 

Mesa et al., 2018; Sauerwein et al., 2019; Simpson et al., 2014; Van den Berg & Bakker, 2015). 

This strategy is linked to re-use in the same application and re-use in a different application 

because the modules that are created can be reached in the product and replaced with other 

modules (Van den Berg & Bakker, 2015) 

The third circular design strategy is Flexibility. This strategy enables a design to adapt on 

changing environment, for example, a module in a new product (Blomsma et al., 2019; Bocken 

et al., 2016; Cura, 2016; den Hollander et al., 2017; Ijomah et al., 2007; Mesa et al., 2018; 

Moreno et al., 2016; Sauerwein et al., 2019; Thevenot & Simpson, 2006; Van den Berg & 

Bakker, 2015). Modules may need to be partly reworked to adapt to changing environments. 

Therefore, this strategy overlaps with re-use in the same and different application because 

designs should be flexible towards existing and changing new environments (Cura, 2016; 

Sauerwein et al., 2019; Van den Berg & Bakker, 2015). 
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The fourth circular design strategy is Standardisation. This strategy eliminates systematic 

obsolescence by designing standardized modules and components that fit on other products as 

well (Bocken et al., 2016; Bovea & Pérez-Belis, 2018; Cura, 2016; Mestre & Cooper, 2017; 

Sauerwein et al., 2019; Thevenot & Simpson, 2006). Therefore, this strategy leads to re-use in 

a different application. 

The last circular design strategy is Commonality. Commonality is the degree of similarity of 

geometry, size, manufacturing method, and fastening and joining methods across products or 

components inside one product family (Crawley et al., 2010; Kota et al., 2000; Mesa et al., 

2018). This strategy creates products that are designed to allow common elements (Rhodes 

2010; Thevenot and Simpson 2006; Wicht and Crawley 2012; Mesa et al. 2018). Products 

designed with commonality aims to use identical designs, components, and modules that are 

applied elsewhere (Rhodes 2010; Thevenot and Simpson 2006; Wicht and Crawley 2012; Mesa 

et al 2018). In other words, it creates products that allow identical designs, components, and 

modules for different products. This strategy is, therefore leading to re-use in a different 

application. 

We can postulate that circular design strategies of re-conditioning, modularity, and flexibility 

can lead to re-use in the same application. In addition, the circular design strategies of 

modularity, flexibility, standardization, and commonality lead to re-use in a different 

application. 

2.3.2 Design enablers 

Design enablers are in this thesis defined as design considerations to design components, 

modules, or products (Blomsma et al., 2019; Bocken et al., 2016; Chouinard et al., 2019; Cura, 

2016; den Hollander et al., 2017; Mesa et al., 2018; Mestre & Cooper, 2017; Moreno et al., 

2016; Potting et al., 2016; Reike et al., 2018; Sauerwein et al., 2019; Urbinati et al., 2018). 

These design enablers are considerations as a result of circular design strategies. 
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Figure 2-4: Literature analysis overview (Blomsma et al., 2019; Bocken et al., 2016; Bovea & Pérez-Belis, 2018; Chouinard 

et al., 2019; Cura, 2016; den Hollander et al., 2017; Mesa et al., 2018; Mestre & Cooper, 2017; Moreno et al., 2016; Potting et 

al., 2016; Reike et al., 2018; Sauerwein et al., 2019; Simpson et al., 2014; Trujillo & de Weck, 2019; Urbinati et al., 2018; Van 

den Berg & Bakker, 2015) 

Figure 2-4 summarises and organises the literature analysis on re-use. The design enablers 

terms, as researched in the literature, are organised under the related circular design strategies. 

As can be seen in Figure 2-4, are the design enablers grouped in the circular design strategies. 

These design enablers are rephrased and discussed in the following paragraphs. 

Re-conditioning 

The circular design strategy re-conditioning is enabled by accessibility and replaceability, 

repairability, and remanufacturability and refurbishment. These design enablers are also 

applicable to modularity and flexibility. The first design enabler is accessibility and 

replaceability. This design enabler relates to a product design whereby subassemblies, modules, 

and components are accessible in a product, and replaceable with other subassemblies, modules 

and components (Simpson et al., 2014; Van den Berg & Bakker, 2015). The second design 

enabler is repairability. This strategy is involved in the extension of the product life cycle 

regarding its initial functioning when the item is designed repairable. For example, recreating 

its original functioning after minor defects or replacing broken parts (Reike et al., 2018). The 

third design enabler is remanufacturing and refurbishment this strategy has been applied when 

components are completely disassembled, checked, cleaned, or replaced by its initial product 
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(Reike et al., 2018). Remanufactured components can be used in their initial product cycle or 

other useful product life cycles. In addition, refurbishment is similar to remanufacturing, 

however, refurbish differentiate in the fact that the whole products or modules remain intact, 

while many components are replaced in a product (Reike et al., 2018). As a result, similar 

products or modules with the initial functionality with increasing performance can be applied 

in its initial product life cycle or others. 

Modularity 

Modularity is enabled by grouping and creating of subassemblies, and easy assembly and 

disassembly. Modularity prevents obsolescence of components if the components are designed 

with modular product design (Van den Berg & Bakker, 2015). Modular means that the design 

contains standardized interfaces and components that are distracted from a bigger complex 

system (Simpson et al., 2014; Van den Berg & Bakker, 2015). Products and parts facilitate 

forward and backward compatibility. This implies that the products and components are 

designed with respect to other product versions and generations (Sauerwein et al., 2019). Van 

de Berg and Bakker (2015) describes that the most significant change of optimal resource use 

is achieved with a modular platform that allows a broader range of configuration and 

applications for different generations. Modularity allows the principle of separation of concerns 

to be applied in bottom-up design (each module apart) and top-down design (the relationship 

between modules) (Simpson et al., 2014)According to Rhodes (2010), modularity is described 

as a principle that aims to build a system architecture of different system function clusters or 

modules, while minimizing the coupling among modules and maximizing the cohesion within 

the modules. Besides, modularity establishes a flexible system that can allow modules to be 

swapped out or allow the same module to be shared among different product versions and 

generations (Rhodes, 2010). Modularity refers to the degree that the product architecture that 

is the build-up of modules or functional units that provide a specific functionality of the product 

(Mesa et al., 2018). 

Flexibility 

Flexibility is enabled by the design enabler adaptable, upgradable, and extendable (incl. life 

extension). This concept is determined by using different materials and (dis)assembly methods 

that do not prevent the upgrade of components. Components need to be designed such that the 

structure facilitates ease of upgrade and flexibility (Moreno et al., 2016; Van den Berg & 

Bakker, 2015). Blomsma (2019) states that upgrading can be understood by extending the use 
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cycle by adding value or enhancing the function but concerning previous versions. If a 

component is designed upgradable, it can then be useful under changing conditions, for 

example, by improving the quality, value, performance (Bocken et al., 2016). As a result, the 

design of the components is increasing the postponed obsolescence (den Hollander et al., 2017).  

According to Cura et al. (2016), flexibility described as an avoids system obsolesce. This 

implies that a product or component is designed such that it is maintaining product usability for 

a long time by upgrading the performance and value. In addition, the design is such that the 

product or component can be adapted and modified towards the changing needs of a user (Cura, 

2016). Simpson et al. (2006) state that products should incorporate options in order to expand 

and modified. This ensures continuality in being useful under changing conditions and to 

improve quality, value, effectiveness, and performance (Mesa et al., 2018; Sauerwein et al., 

2019; Simpson et al., 2014). Sauerwein et al. (2019) elaborate that flexibility ensures future 

expansion and modification. (Ijomah et al., 2007) explain that remanufacturability is important 

for enabling upgradability and adaptability. In specific components and interfaces should be 

replaceable, accessible expandable, and modifiable. 

Standardisation 

Standardisation is enabled by the design enabler components and interfaces with identical 

specification (e.g. volume, performance, and lifetime) (Bocken et al., 2016; Bovea & Pérez-

Belis, 2018; Mestre & Cooper, 2017). This circular design strategy in system engineering is 

linked to commonality and platform engineering (Fortune & Valerdi, 2012). Design for 

standardization is a strategy that eliminates systematic obsolescence by designing standardised 

interfaces and components with fixed dimensions, that are suitable for other product versions 

or generations that aims to multifunctionality and modularity (Cura, 2016; Fortune & Valerdi, 

2012; Mesa et al., 2018; Sauerwein et al., 2019; Simpson et al., 2006). Sauerwein et al. (2019) 

describe design for standardization as a strategy that created products that fit with other products 

as well to facilitate intergenerational modularity. This implies forward and backward 

compatibility of a product (Fortune & Valerdi, 2012). Besides, it is extending the product life 

cycle by components commonality across models and design for manufacture (Shimokawa et 

al., 1997). 

Commonality 

Commonality is enabled by the design enablers platform definition, roadmapping, and layout 

(Rhodes 2010; Thevenot and Simpson 2006; Wicht and Crawley 2012; Mesa et al., 2018; 
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Crawley et al., 2010). Crawley (2010), discusses that commonality needs to be defined. It needs 

to be defined in an early stage to identify which final platforms the commonality search will 

occur between (Crawley et al., 2010). Platforms imply all different types of products that are 

existing in the entire organisational product family. The next step is roadmapping (Crawley et 

al., 2010). Roadmapping describes to which extend a module need to be fitted with a platform. 

It describes to which extend the module need to be upgradeable, adaptable, extendible, 

standardised, and modular. Finally, the layout, this design enabler defines to which 

environments the module needs to be operated, including conditions and size (Crawley et al., 

2010). 

As a result of the literature review, the design for re-use house framework is created. This 

framework illustrates the five different circular design strategies combined with the design 

enablers. As can be seen in Figure 2-5 the circular design strategies and design enablers are 

complementary to each other to enable design for re-use in the same or different application. 

However, it should be necessary that a goal is defined including the desired re-use value. 

Otherwise, components or modules that are not necessarily needed to be improved in the future 

will be designed, for example, for upgradability, which results in unnecessary added value. 

Furthermore, too much flexibility might challenge effective standardisation. It could be difficult 

to standardise a highly flexible module because the module could be changing continuously. 

 

Figure 2-5: Circular design strategies leading to re-use in the same application and different application (Blomsma et al., 

2019; Bocken et al., 2016; Bovea & Pérez-Belis, 2018; Chouinard et al., 2019; Crawley et al., 2010; Cura, 2016; den Hollander 

et al., 2017; Mesa et al., 2018; Mestre & Cooper, 2017; Moreno et al., 2016; Potting et al., 2016; Reike et al., 2018; Sauerwein 

et al., 2019; Simpson et al., 2014; Trujillo & de Weck, 2019; Urbinati et al., 2018; Van den Berg & Bakker, 2015) 
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2.3.3 Illustrative case: Automotive case 

An example of re-use in the same and different application can be seen in the automotive 

industry. This industry shares common standardised adjustable modular car platforms that 

apply to multiple car models as depicted in Figure 2-6 (Volkswagen, PSA Peugeot-Citroen, 

Renault-Nissan-Mitsubishi, and Volvo) (Simpson et al., 2006; Lampon, Cabanelas, and 

Gonzales Benito 2015). This industry is driven by minimizing costs, increasing flexibility, 

increasing efficiency, simplification of engineering and design process, ability to update, and 

decreasing model introduction time (Buiga, 2012; Lampon et al., 2015). 

 

Figure 2-6: adjustable modular car platform design, Volkswagen group, Renault-Nissan-Mitsubishi, Volvo, PSA Peugeot 

The adjustable car platform design (Figure 2-6) acts as a flexible platform, which is designed 

for multiple generations (Simpson et al., 2006) or for multiple different products (Trujillo & de 

Weck, 2019). In other words, the platform is standardised and applicable to multiple models. 

Gawer (2014) stated that platforms include commonality of systematic re-use of components 

across different products within a product family, which allows economies of scale in 

production to occur. Simpson et al. (p.4. 2014) describe it as "sets of components, technologies, 

subsystems, processes, and interfaces" that form a structure to develop several products to 

maximize commonality and minimize individual performance deviations." The design method 

product platforming foster commonality across all generations, versions of products in the 

organisations to ensure portfolio performance, cost, and risk advantage (Trujillo & de Weck, 

2019). Furthermore, are these platforms flexible, which implies that the platforms are variable 

to be fit on different models. Besides, are these platforms allowing modules, for example, 

different engine modules (e.g., petrol, diesel, or hybrid). Finally, is this platform designed for 

re-conditioning.  This is done by making the weak parts accessible, replaceable, repairable, and 

manufacturable. 
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The automotive industry differs with the high- technology industry in the fact that the 

performance, requirements, and specifications are continually changing in a high-tech firm 

(Zakrzewska-bielawska, 2010) 

2.4  Conclusion literature review 

The last section of the theoretical background summarises this chapter that answers the first 

sub-research question “What circular design strategies enable re-use in the high-technology 

manufacturing industry according to literature?” 

The traditional high-technology manufacturing industry currently operates on the principles of 

the linear economy. These high-tech firms based on the linear economy principles, (1) 

purchases in raw materials, (2) design products fast, (3) sell products, and (4) consumers discard 

the products. In addition, high-tech firms are characterized by a fast-developing process of 

innovations, which results in fast discards of products and fast excess and obsolesce of products, 

components, parts, and modules. In other words, a significant increase in manufacturing 

reinventing and in-company inventory waste. The high-tech firm needs to apply the circular 

economy that is replacing the discarding step of the linear economy into a reusing step. As a 

result, the re-invention and in-company inventory waste can be minimized. Therefore, the high-

technology manufacturing industry needs to take re-use into account in the design phase. To 

conclude, high-technology manufacturing organisations must adopt re-use in the design stage 

of NPD in order to enable a circular economy. 

The literature review identified that re-use could be understood in three different ways. Re-use 

in the same application, re-use in a different application, and recycling. This thesis is focusing 

on the re-use of existing components and products to minimise re-invention and inventory 

waste. This implies that inclusive hardware remaining of the functionality is in the scope of this 

research. Recycling is excluded from this research since it does not cover the reusability of 

previously developed designs to minimise re-invention waste. 

Re-use in the same application and different application can be achieved by applying five 

circular design strategies complementary: re-condition, modularity, flexibility, standardisation, 

and commonality. Design enablers accessibility and replaceability, repairability, and 

remanufacturability refurbishment enable re-condition that lead to re-use in the same 

application. Grouping and creating subassemblies and enabling easy assembly and disassembly 

lead to modularity and contributes to re-use in the same and different application. The strategy 
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flexibility enables a design upgradeable, adaptable, and extendible which lead to re-use in the 

same and mainly different applications. Standardisation is enabled by components and 

interfaces with identical specifications, which lead to re-use in a different application. Finally, 

design enablers platform definition, roadmapping, and layout definition enable commonality, 

which leads to re-use in a different application.  

However, this relationship of these circular design strategies and enablers, leading to re-use in 

the same and different application is not explicitly researched in the literature and in the high-

technology manufacturing context. Therefore, this thesis contributes to whenever the circular 

design strategies enable re-use in the same and different application across products in a high-

tech firm. Therefore, this research investigates how design enablers derived from circular 

design strategies lead to re-use in the same and different application in a high-tech firm. In 

addition, this research will investigate the opportunities and barriers to implementing re-use in 

a high-tech firm. The next sections describe the method used for conducting the research. 

3. Methodology 

This chapter discusses the methods that are used to achieve the objective of this research. The 

research objective of this research is to “identify the circular design strategies to enable the re-

use of products and components in the high-technology manufacturing industry”. The method 

is based on business research literature (Blumberg et al., 2014; Dresch et al., 2015; Saunders et 

al., 2009). Section 3.1 describes the research design. Section 3.2 concerns the literature review, 

section 3.3, discusses the case study, and section 3.4 discusses the quality of the chosen 

methodology. 

3.1  Research design 

In business research methods, there are two different process structures, which are (1) empirical 

cycle and the (2) problem-solving cycle (Dresch et al., 2015). For this research, the empirical 

cycle is chosen since this research builds a theory in a high-technology environment. The 

empirical cycle includes the following five steps, (1) observations, (2) induction, (3) deduction, 

(4) testing a hypothesis, and (5) evaluation (Blumberg et al., 2014). The goal of this thesis is to 

build and test a theory. The purpose of this study is explorative because this research is aiming 

to find out the relationship between variables in a specific environment, in this the case high-

tech environment (Blumberg et al., 2014; Dresch et al., 2015; Saunders et al., 2009). 
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The research objective is achieved by accomplishing the five sub-research objectives (Figure 

3-1). First, re-use was defined (re-use is leading to a circular economy in the high-technology 

context). Second, all circular design strategies related to re-use were identified. Third, circular 

design strategies that lead to re-use in the same and different application were identified (re-

conditioning, modularity, flexibility, standardization, and commonality). Fourth, the design 

enablers, which are design decisions applicable in the high-tech firm's NPD department related 

to the circular design strategies, were identified. Lastly, improvements and bottlenecks are 

researched in a high-tech firm, which is contributing to the implementation of design for re-use. 

 

Figure 3-1: Research objectives 

The research design (Figure 3-2) provides further clarity on how the research objectives given 

in Figure 3-1 are achieved. As can be seen in Figure 3-2, the research design is divided into two 

parts. Sub-research question 1 is answered by means of a literature review. A literature review 

was chosen to understand what is already known about re-use, circular design strategies, and 

design enablers. The literature review was useful because it brought insights into what is done 

in other industries. Besides, literature explains the best and worst practices. However, literature 

did not explain how circular design strategies are enabled in a high-tech innovating 

environment. A single case study within a high-tech firm is chosen to fulfil the gap. The single 

case study answers sub-research question two and three. First, the single case study answered 

which design strategies for re-use are applied within a high-tech firm.  Secondly, the single case 

study answered what the engineers held to design for re-use and what engineers need to secure 

design for re-use. The details of the methods will be discussed below. 
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Figure 3-2: Research design 

3.2  Literature review 

This section discusses the first block of the research design and describes how sub-research 

question 1 (What circular design strategies enable re-use in high-technology manufacturing 

industry according to literature?) is answered. According to Dresch (2015), a literature review 

is a secondary study used to map, find, critically evaluate, consolidate, and aggregate the results 

of relevant primary studies on an issue or specific research topic or synthesis. The first sub-

research question is answered by means of a literature review. 

3.2.1 Data gathering literature study 

Blumberg et al. (2014) describe five essential steps when executing a literature review: (1) 

definition of the management question, (2) consultation of literature relevant to the management 

question, (3) apply vital terms to identifying key secondary sources, (4) locating and reviewing 

specific secondary sources for relevance, and (5) evaluation of the value of each source and its 

content. 

At first, the following five keywords were selected in order to consult literature: (1) high-

technology manufacturing industry, (2) circular economy, (3) linear economy, (4) circular 

design, and (5) circular design strategy. Secondly, the sources for searching literature were the 
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library of the Eindhoven University of Technology, Google Scholar, and INCOSE system 

engineering1.  

Furthermore, the following keywords were used to scope the collected literature: (1) waste, (2) 

re-use, and (3) design for re-use. At fourth, each of the articles that were found were organized 

in a file. In addition, the files were structured according to the keywords. The software program 

Mendeley Desktop was used to organize the papers, books, and other valuable files. 

Articles were used that were cited to ensures the reliability of the articles. Afterwards, in case 

a reliable article was found, for example, Mestre and Cooper (2017) and Potting et al. (2016) 

(cited 31 and 120 times), the references of this article were used to find more articles. Additional 

relevant articles were searched by using the literature search strategy, forward and backwards 

snowballing (Jalali & Wohlin, 2012). This implies for backward snowballing refers to using the 

reference list of paper, and forward snowballing refers to the citation of the paper to identify 

additional papers. 

The literature used for this thesis (Appendix B) consists of 16 papers, which is selected based 

on including and excluding criteria. The first including criteria which are used are the keywords 

discussed in the previous section and the articles that were cited for at least ten times. These 

keywords were used because these are distracted from the problem reasoning of this thesis. The 

second, including criteria, was based on the topics that are discussed in the paper. Topics such 

as design strategies, product life cycle, and circular design frameworks that are related to the 

keywords were included, and other topics not related to the keywords were excluded in the 

scope. Furthermore, this research includes literature that is published from 2015, since recently 

published papers are preferred more than older published papers in order to ensure reliability. 

Lastly, this research included literature that is published in a recognized journal to ensure the 

reliability of the sources used. This is determined by a publisher that is a university, Elsevier, 

or Springer. This is important because these instances recognized, approved, and peer-reviewed 

their published research. 

 

1 Systems Engineering INCOSE is an association with the aim of promoting the application and the development 

of Systems engineering. This source is a good fit with a technical organisation, which must deal with systematic 

engineering in order to produce products and produce products in volume. 
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3.2.2 Data analysis literature study 

After the literature was collected, an analysis was done on the gathered literature. The literature 

search process was iterative and executed as follows. At first, an information pool was created 

of all circular design strategies that can be found in the selected literature. This resulted in 37 

different circular design strategies, as can be seen in Appendix B – Literature review design 

strategies. A filter has been made to select circular design strategies that were relevant for this 

thesis. The filter is based on the design for recycling, re-use for the same application, and re-

use for the different application, as discussed in section 2.2.3. Each circular design strategy or 

design enabler that was described in the literature was assessed based on the re-use perspective 

that best suited, matches, or fits them. The results of this analysis revealed the circular design 

strategies and design enablers that are grouped on the three re-use perspectives. This can be 

seen in Appendix B – Literature review design strategies and chapter 2. 

As a result of the literature, six circular design strategy lead to re-use in the same or different 

application. Four of the six circular design strategies lead to re-use in the different application 

in the aerospace industry namely, (1) modularity, (2) standardization, (3) flexibility, and (4) 

commonality (Crawley et al., 2010). Besides, one circular design strategy is (5) recycling 

(However, this circular design strategy is leading to re-use but is not considered in this research, 

as described in chapter 2) (Blomsma et al., 2019). Moreover, one circular design strategy (6) is 

re-conditioning, which is related to re-use in the same application (Lieder & Rashid, 2016). To 

conclude, six circular design strategy were found, but five circular design strategies were used. 

In addition, the design enablers were researched, which are leading to one of the five circular 

design strategies. 

3.3  A case study in a high-tech firm 

The second part of the research design was a single case study as can be seen in Figure 3-2. 

This was a deduction step that answers sub-research question 2 “Which design strategies for 

re-use are applied in a high-technological manufacturing firm?” and sub-research question 3 

“What are the bottlenecks and improvements for implementation of circular design strategies 

for re-use in a high-technological manufacturing firm?”. 

A case study in empirical research is concerned with investigating a phenomenon in depth 

within its real-life context (Yin, 2009). In a case study, boundaries between phenomenon and 

context are not evident, and multiple sources of evidence are used (Yin, 2009). A single case 



 

27 

  

Public 

study was chosen because it takes a broader view on a problem in comparison to a questionnaire, 

survey, or experiment in one specific case (Blumberg et al., 2014). This research focuses on 

one specific case since the researcher had to investigate the organisation in-depth, and the 

research had to be completed within a restricted time. Accordingly, this research does not focus 

on multiple cases. In addition, the researcher interviewed individuals to extract information. 

Therefore, one case organisation was identified that was willing to provide the information. For 

extracting information, a non-discloser contract was signed. 

This single case study was used to test the design for re-use house, which can be seen in chapter 

2, in a high-tech firm (Blumberg et al., 2014). This thesis is focusing on circular design 

strategies, design enablers, improvements, and bottlenecks (or barriers) that enable design for 

re-use in a high-tech firm. 

The high-tech firm is a critical case because there is limited research in highly innovative driven 

firms (Blomsma et al., 2019). This case is interesting because the product itself is highly 

complex. Besides, product development time is fast (Zakrzewska-bielawska, 2010). Thus, the 

challenge to take re-use during the design phase into account of a complex system with a fast 

development time fit the research gap (Blomsma et al., 2019). Therefore, the second include 

criterion is a high-tech firm because this research investigated a relationship inside a high-

technology manufacturing context. Therefore, this research excludes non-high-tech firms. 

A single case study with embedded units has been chosen because this study investigated one 

single main case in the high-tech firm’s NPD department. This implies that each participant in 

this thesis was working in a manufacturing NPD department. In addition, the researcher did 

explore the embedded units (Yin, 2009). Smaller units were investigated because the NPD 

department contains smaller specialized departments that take different design decisions. This 

implies the third criterion, which refers to the NPD department that the high-tech firm should 

contain. The NPD department should be included as a criterion because processes from this 

department should be investigated. 

In this case, the embedded units are (1) electrical department, (2) mechanical department, (3) 

Conditioning department, (4) design engineers, and (5) architects. First, electrical department 

is a department in the NPD, which is developing electrical designs. Second, mechanical 

department is a department in the NPD, which is developing mechanical designs. Third, 

Conditioning department is a department in NPD, which is developing flow and energy supply 

related designs. Fourth, design engineers are employees in a NPD department, which make 
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detailed designs. Finally, architects are employees, which are making concept designs. As a 

result, the fourth include criterium is that the departments inside the NPD department are related 

to mechanical, electrical, or Conditioning department discipline. These disciplines in the 

department must be targeted because these disciplines are developing the main hardware of a 

complex system. 

3.3.1 Unit of analysis 

The unit of analysis describes what is being analysed in this research (e.g., people or 

individuals) (Blumberg et al., 2014; Dresch et al., 2015; Saunders et al., 2009). The main unit 

is the high-tech firm’s NPD department specified on hardware designs related to the embedded 

units, as discussed above. In addition, the process from the definition of the hardware 

specifications towards the definition of the hardware design will be analysed. This will be 

analysed because circular design strategies are applied to hardware requirements, 

specifications, and the design definition. The fifth include criteria of the case are hardware 

components, modules, or products, as discussed in chapter 2. Therefore, this research wants to 

investigate specific hardware components, modules or products. 

3.3.2 Case selection 

The case that will be selected is the NPD department. This organisation fulfils the criteria 

because it is a high-tech firm, contains an NPD department, design hardware products, and the 

data is accessible because the researcher contains an agreement to gather and analyse data. This 

research will be executed in the high-tech firm.  

3.4  Data collection and analysis case study 

In this case study, qualitative data from semi-structured interviews, open questions from a 

questionnaire and brainstorm session and quantitative data from the same questionnaire are 

gathered, as can be seen in Table 2. 
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Table 2: Single case study data gathering and analysis 

Single Case Study 

Data gathering Data type Data analysis 

Semi-structured interviews Qualitative Provisional coding 

Questionnaire Qualitative Open coding 

Questionnaire Quantitative Descriptive analysis 

Brainstorm session Qualitative Open coding 

3.4.1 Data gathering case study 

First of all, qualitative data is gathered by executing semi-structured interviews (Harrel & 

Bradley, 2009). A semi-structured interview is chosen because, in this research, we want in-

depth knowledge of individuals about the design decisions. Besides, we want to investigate 

which design enablers for the design for re-use house the individuals recognize, apply, and 

suggests for improvement. Moreover, we want to understand what holds engineers to design 

for re-use and what needs to be done to stimulate design for re-use. This is difficult to extract 

only from surveys or questionnaires. Therefore, semi-structured interviews are chosen to 

understand the “underlying iceberg” (bottlenecks). 

Furthermore, semi-structured interviews are chosen as they ensure that no fixed questions are 

listed, and they support open-ended questions and stimulate follow-up questions (Harrel & 

Bradley, 2009). This helps the research to delve more into detail on questions which appear 

spontaneously. 

An interview guide is necessary to execute semi-structured interviews (Blumberg et al., 2014). 

In the interview guide, the following procedure is applied. The questions in the interview guide 

(Appendix D) are related to the sub-research questions described in the introduction. The 

answers to the questions are answering the following questions: how are people at high-

technology firms involved in re-use;  which circular design strategies and design enablers do 

they adopt to design for re-use in the same and different application; why do they adopt specific 

circular design strategies; which circular design strategies do they not adopt;  what is needed to 

implement design for re-use; and what are the disablers to design for re-use in the same and 

different application. Finally, the interviewer asked if there is anything that the interviewee 

would like to share and if they can recommend an individual that the interviewer should 

interview. 
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Before all interviews started, the interviewer conducted a pilot interview. The pilot interview 

can be seen in Appendix C. The interview guide is reviewed with the interviewee and the 

manager of this project after conducting the pilot interview. As a result, the final interview 

guide was created, which can be seen in Appendix D. As an improvement the design for re-use 

house is added to the interview guide to be able to go through the framework with the 

interviewee to get results of the whole theory instead of just a part. 

Diversity sampling (Seawnght & Gerring, 2008) is used because this research is studying the 

diversity of a wide range of views. To this end, the sample was selected based on four criteria. 

(1) The interviewees must work on the high-tech firm of interest, as the sample needs to be in 

line with the population that is selected from the case. (2) The interviewee must work on an 

NPD department, as this department deals with circular design strategies that can be included 

as a non-functional requirement in the design. (3) The interviewee should work as an engineer, 

design engineer, or architect since those functions can implement circular design strategies or 

create a circular design strategy. (4) The interviewee needs to understand the decision-making 

processes that make a design. This is important because these people know what the learnings, 

possibilities, or challenges are. Table 3 shows the list of interviewees that participated in the 

semi-structured interviews. 

Table 3: List interviewees 

Interviewee Cluster department Role 
Interview 

length (min.) 

1 Mechanical department Design engineer 18:01 

2 Electrical department Architect 42:39 

3 Conditioning department Principal Architect 38:36 

4 Conditioning department Desing engineer 34:33 

5 Conditioning department Architect 31:49 

6 Mechanical department Architect layout 30:44 

7 Mechanical department Architect 51:18 

8 Electrical department Design engineer 39:59 

9 Conditioning department Architect 27:09 

10 Conditioning department System function architect 48:22 

 

All interviews were recorded with the permission of the interviewee. The record was used to 

create transcriptions that were used to analyse the interviews. Moreover, notes were made 

during the interview and contributed to the transcripts. The interviewees were ensured that the 

results are treated both confidentially and anonymously when desired. The interviewees were 

able to ask questions at any point in time. 
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Due to the COVID-19 pandemic crisis, the interviews were executed via an electronic meeting 

using Microsoft Teams. The duration of the interviews varies since it depended on the length 

of the interviewees’ answers. However, each interview was approximately 30 minutes. After 

executing the interview, a transcript has been made per interview, which was validated by 

asking interviewees for approval to be included in the research. It happened that during an 

interview, the interviewee referred to external data. In that case, the researcher evaluated 

whether the external data contained a value for this research and could be included in this 

research. This happened two times, and therefore, the secondary data is included in the data 

transcript (Appendix E). Ten interviews were conducted to extract enough data that is needed 

to represent the diversity of the population (Crouch & Mckenzie, 2006; Guest & Johnson, 

2006). Besides semi-structured interviews, a questionnaire was conducted to obtain more data 

to answer the research questions. 

Second, a questionnaire is created based on multiple choice and open questions as can be seen 

in Table 2. Table 2 shows that the obtained qualitative data is extracted from the open questions 

in the questionnaire, and quantitative data is extracted from the multiple-choice questions. 

These are analysed by use of open coding for the qualitative data and descriptive analysis for 

the quantitative data. Furthermore, the codes found during the analysis of the open coding are 

used as codes to analyse the interviews. The open questions are analysed using open coding 

because the goal of the questions is to find bottlenecks and improvements, which are case-

specific. 

According to Dresch et al. (2015), a questionnaire needs to specify respondents related to the 

unit of analysis, approximate sample size. Therefore, the same engineers working in NPD are 

targeted as in the semi-structured interviews. This population fits to execute the questionnaire 

because they are operating in the mechanic, electric, Conditioning department, design 

engineers, or architects in the NPD department. This population knows what the design enablers 

are and can tell the researcher what hinders or secures them to design for re-use. 

To reach a wide range of individuals in the population in a short time, the questionnaire tool 

Microsoft Forms was used, which can send questionnaires quickly to members of the population 

with an email inside the firm. The questionnaire can be found in Appendix I. The entire 

population consist of 6000 engineers, this means to get valid data at a confidence level of 95% 

and a Margin of Error of 5%, the questionnaire needs to be answered by 362 respondents 

(Equation 1).  
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Equation 1: Respondents equation (Montgomerym & Runger, 2010) 

 

The questionnaire is filled in by 601employees. The results are representative of all engineers 

because all engineers are working in the NPD department, which is a topic of interest. The 

results of the questionnaire can be found in Appendix J. 

The questionnaire questions are related to the research findings extracted from the literature 

review (Appendix I). The questions are based on the circular design strategies, design enablers, 

improvements and bottlenecks to implementing design for re-use. These questions are used to 

find out which strategy the respondents apply in their high-technology environment to enable 

re-use. In addition, the questions in the questionnaire are related to what respondents hinder 

from designing for re-use, and what the respondents need to secure re-use. These questions are 

asked to find out if the theory meets the real environment. Moreover, what is needed to 

implement design for re-use in that environment. The questionnaire consisted of multiple-

choice options and three open questions. 

Finally, a separate source of evidence, namely a brainstorm session, was conducted to obtain 

qualitative data to overcome the bottlenecks that were found in the interview and questionnaire. 

A brainstorm session has been chosen to increase the reliability of the data found (Yin, 2009). 

The brainstorm session was conducted during the sustainability week. In this brainstorm 

session, 26 employees participated by using Microsoft whiteboard (Appendix N). In the 

whiteboard environment, the following three main barriers as a result of the questionnaire and 

the interviews were stated: (1) no priority, (2) time to market, and (3) lack of knowledge. After 

a short introduction, the participants were free to add as many improvements suggestions, below 

the three main barriers, as they could think. After 20 minutes, the brainstorm session was 

stopped, and the suggestions were summarised (see Appendix N). 

3.4.2 Data analysis of the case study 

As can be seen in Table 2, the semi-structured interview data is analysed using provisional 

(template) coding. Besides, the questionnaire is analysed by use of open coding for the open 
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questions and descriptive analysis for the multiple-choice questions. Finally, the data for the 

brainstorm session is analysed using open coding. 

First, the recorded data is rewritten into transcripts (Appendix E) in the language of the 

interviewee. The quotes written in chapter 4 are exact quotations and translations of quotations. 

Next, the transcripts are analysed by use of provisional coding (Salda, 2009). As discussed in 

Chapter 2, in this research, the design for re-use house is tested in the high-tech firm. Provisional 

coding is used as it creates codes from the theory that is being studied in the literature review. 

Therefore, this type of coding fits because it searches for codes related to the design for re-use 

house. As a result, the existence of circular design strategies and design enablers is found.  

First, a preliminary provisional codes list has been made (see Appendix F). However, during 

the analysis, the provisional codes list has been adapted (see Appendix G). Furthermore, codes 

are used which were found from the questionnaire. The results of the questionnaire’s first open 

question are summarised in seven groups (No priority, current design footprint, no business 

case, lack of people’s knowledge, reliability risk, no requirement, and time to market), which 

are created by open coding (Salda, 2009). 

When design for re-use on a specific development is not applied, what do you think are 

the reasons thereof? 

In addition, the results of the second open question in the questionnaire were improvements that 

people need to design for re-use (Table 4). Based on these results, the interviews were coded. 

Based on your experience, what other design enablers you can think of to achieve design 

for re-use objectives? 

This concludes that the semi-structured interviews were coded based on provisional coding 

(codes defined from literature) and coding results from the open question asked in the 

questionnaire. 
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Table 4: Code list extracted from the questionnaire, including quote count and the presence in cases 

Category Code Count Cases 

Opportunity Product design library 11 5/10 

Opportunity Re-use business driver 37 9/10 

Opportunity Re-use requirement 34 9/10 

Opportunity Create awareness 23 7/10 

Opportunity Visibility cross-platform 33 9/10 

Opportunity Best practices 12 7/10 

Opportunity Feedback loop 10 5/10 

Opportunity End to product lifetime monitoring 9 4/10 

Opportunity Re-use cross organisation 7 4/10 

Opportunity Re-use guidelines 3 2/10 

Opportunity Cross-platform design team 4 2/10 

Opportunity Eliminate unique designs 7 4/10 

Barriers No priority 40 10/10 

Barriers Lack of knowledge people 39 9/10 

Barriers Not part of a requirement 25 9/10 

Barriers Business case missing business driver 19 5/10 

Barriers Current product/design footprint 15 7/10 

Barriers Time to market 9 4/10 

Barriers Reliability risk 10 1/10 

 

After the analysis of the open questions of the questionnaire, the multiple-choice answers were 

analysed by using descriptive statistics (Lawless & Heymann, 2010). With descriptive statistics, 

the quantitative data can be summarised, which helped to interpret the data over a whole 

population (Lawless & Heymann, 2010). First, the multiple-choice questions are divided into 

three parts (1) respondent relation with re-use, (2) respondent relation with improvement 

suggestions of re-use, and (3) respondent relations with design enablers. Second, the data is 

filtered based on role (design engineer and architect) and department (cluster) (electrical 

department, mechanical department, and Conditioning department). Besides, blank cells were 

removed. Third, each question in each group for both cluster and role was assessed, based on 

the number of respondents that answered: “never”, “sometimes”, “often,” and “always” 

(Appendix K). After this exercise, each question in each group was equalised by calculating the 

percentages of: “never”, “sometimes”, “often”, and “always” (Appendix K). As a result, the 

descriptive analysis of each group, with each role and cluster, for each question appeared (see 

Appendix L). Finally, the brainstorm session results have been analysed by using open coding 

(Salda, 2009). Open coding was used to find improvements suggestions, which are case-

specific. This can be seen in Appendix N. 



 

35 

  

Public 

3.5  Quality 

This section discusses the reliability, validity, and generalisability of this research. First of all, 

following the interview guide (Appendix D) ensures the reliability of the semi-structured 

interviews. Reliability is the consistency of the analytical procedures, including accounting for 

personal and research method biases that may have influenced the findings (Noble & Smith, 

2015). By following the methods used in this research, the reliability can be ensured. For 

example, the literature review is reproducible by following the method. 

Second, pilot interviews are introduced in order to test the interview guide and questions. This 

contributes to the validity of the interviews. Validity is the precision in which the data 

accurately reflects empirical reality (Noble & Smith, 2015). The validity of this research can be 

ensured with the case selection criteria and the sample selection criteria. 

Furthermore, throughout the whole research process review presentations and meeting have 

been executed with the stakeholders (the organisation of the case study, and the university). 

This contributed to the validity of the project as every decision is augmented, discussed, and 

approved with each of the stakeholders. This process was continued until the research is done. 

The Design for Re-use House framework (Chapter 2) is reviewed by several stakeholders in 

different meetings. In the beginning, Microsoft whiteboard was used to collect all literature and 

was used to create a brainstorming environment to discuss literature input with re-use managers 

from the high-tech firm, with team members from the re-use team at the high-tech firm, and 

with two TU/e professors. After discussing the input, a presentation was made to discuss and 

review the framework with the re-use manager, team members, and TU/e professors. This was 

an iterative process of 2,5 months. Besides, the Design for Re-use house is reviewed with NPD 

stakeholders of the high-tech firm. The stakeholders were department managers of electronic 

development, mechanical department, and Conditioning department. Furthermore, the 

framework is reviewed by a re-use community of practice, which includes re-use experts from 

each technical and business discipline. As a result of presenting the design for Re-use House 

framework, it is used by the NPD managers and communicated to the entire NPD department. 

At last, the design for Re-use House framework was covered by one of the questions during the 

interview. 

The questionnaire and the interview guide were reviewed by the re-use manager, the community 

of practice, university supervisors, and the re-use team members. Besides, both the interview 
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guide and the questionnaire were tested among members of the re-use team and the community 

of practices. The review sessions took place by using Microsoft Teams and Microsoft 

PowerPoint. The review sessions took place during an iterative process that took at least two 

months. 

4. Results 

Three sub-research questions need to be answered in order to answer the main research question 

(How can circular design strategies lead to re-use in the high-technological manufacturing 

firms?). The first sub-research question (What circular design strategies enable re-use in the 

high-technology manufacturing industry according to literature?) is answered and discussed in 

chapter 2, with as the main result the Design for Re-use House. The design for re-use house is 

a framework that explains how to design for re-use in the same or different application with the 

five circular design strategies ((1) re-conditioning, (2) modularity, (3) flexibility, (4), and (5) 

commonality) that work complementary and the design enablers. This chapter is bringing the 

theory into practice by testing the literature findings from chapter two in the high-technology 

manufacturing environment. 

This chapter discusses the two other sub-research questions mention in chapter 1 ((2)Which 

design strategies for re-use are applied in a high-technological manufacturing firm?; (3) What 

are the bottlenecks and improvements for implementation of circular design strategies for re-

use in a high-technological manufacturing firm?). Based on the sub-research questions 2 and 

3, this chapter is split into two parts. The first part discusses strategies applied in the high-tech 

firm that leads to design for re-use. Moreover, the second part discusses the bottlenecks and 

improvements potentials, which contributes to design for re-use in the same and different 

application specified in the high-tech firm. 

Results in this chapter are shown in detail in the following six appendices. The main findings 

from these are discussed below. First, the codes that were used to code the semi-structured 

interviews are displayed in Appendix G – Provisional codes final version. Secondly, the actual 

coding of the ten conducted semi-structured interviews is displayed in tables in Appendix H – 

Semi-structured interviews codes table. Next, the quantitative output of the questionnaire is 

showed in Appendix J – Questionnaire output. The detailed analysis of the quantitative data 

output of the questionnaire is presented in Appendix K – Questionnaire analysis. The coding, 

which is also used as codes for the interviews, of the open questions of the questionnaire, is 
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displayed in Appendix L – Questionnaire open question analysis. Finally, the results of the 

brainstorm session exercise can be seen in Appendix M – Brainstorm session to overcome 

barriers. Quotes extracted from the interviews and questionnaire that are formulated in any 

language except English are in this chapter translated to English. 

4.1  Strategies lead to Design for Re-use in a high-tech firm 

This first part discusses the results related to the design enablers that are tested by means of the 

semi-structured interviews and questionnaire in the high-tech firm. This part answers the second 

sub-research question: Which design strategies for re-use are applied in a high-technological 

manufacturing firm? It discusses the five circular design strategies of the Design for Re-use 

House (4.1.1) re-conditioning, (4.1.2) modularity, (4.1.3), flexibility, (4.1.4) standardisation, 

and (4.1.5) commonality. Table 5 displays a summary version of the frequency of coded quotes 

extracted from semi-structured interviews. 

Table 5: Interview codes and count 

Code Count Interviews 

Re-conditioning 44 10/10 

Modularity 46 9/10 

Flexibility 38 9/10 

Standardisation 25 10/10 

Commonality 90 10/10 

4.1.1 Re-conditioning 

The first circular design strategy is re-conditioning, which is mentioned 44 times in 10 

interviews. Re-conditioning is defined in this research as design products, modules, or 

components, which after failing to perform, one or more of its functions satisfactorily can be 

restored to fully satisfactory performance for the intended application. Interviewees recognized 

re-conditioning as a design strategy, which is implemented in the high-tech firm. At the high-

tech firm, a product will be designed for re-conditioning to re-use components or modules in 

the same application. It will only be designed for re-conditioning when there is an assigned 

business case for it. Another driver to strive for re-conditioning is when it can enable the 

serviceability of potential risk. Serviceability means the ability to re-condition a product, 

module, or component performed by a mechanic. A potential risk implies weak components. 

For example, a bearing cannot rotate end-less. Therefore, a designer needs to design a module 

in a way whereby the bearing easily can be swapped. 
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Reliability is mentioned 36 times in the open questions of the questionnaire (e.g. “Life-time of 

components suffering wear in case of re-use of parts” (respondent 255, 2020)), and repeatedly 

mentioned reliability in interviews (“At the high-tech firm we drive the suppliers to provide us 

hardware that will last for seven years. However, there is no specification on the re-usability 

of this hardware. And there is no scenario play in situations that the lifetime of a re-usable 

design is six years instead of seven and how to prepare for this. If not the whole hardware, 

components in the hardware can be harvested, re-qualified and re-used” (interview 10, 2020)). 

Reliability is a design enabler that set the lifetime of a product, module or component that it 

must operate, for example, seven years. This is part of re-conditioning because this enabler set 

the requirements when a product, module, or component must be remanufactured and restored. 

Interviewees and respondents of the questionnaire mentioned that accessibility and 

replaceability allows the serviceability of a module or components. In addition, an essential 

aspect of making something accessible or replaceable is sequencing. Sequencing implies the 

definition of good assembling and disassembling order of components and modules.  From the 

601 questionnaire respondents, 77% of them often to always consider that a part or module 

should be accessible and replaceable when they design a part or module for re-conditioning. 

This means that accessibility and replicability is a design enabler of re-conditioning and is often 

to always considered in a high-technology firm. In addition, this is confirmed with the literature. 

Less attention is considered to the design enablers repairability and remanufacturing, “When it 

comes to remanufacturability at least in my project we do not really think about that one.” 

(interview 4, 2020). Interviewees mentioned that there are examples of modules and products 

that are designed without repairability and remanufacturing ability in mind, such as welding, 

gluing, and soldering components and modules “… that component is completely soldered to a 

printed circuit board… (interview 2, 2020)”. The design enabler remanufacturing can be 

enriched, with cleanability, according to the respondents and interviewees. Cleanability means 

that a module or component is designed such that it can be cleaned during the remanufacturing 

in order that no filth can be accumulated and will run into the system. This concludes that 

cleanability is a finding in practice, which is added to remanufacturing. 

4.1.2 Modularity 

Secondly, modularity is mentioned 46 times in 9 interview cases, according to the interviewee’s 

modularity is frequently applied and part of their daily work “Modularity that is really a no-

brainer today…” (interview 7, 2020). However, it is mainly applied to isolate functions on a 
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high-system level of the product. Modularity is defined in this thesis as a circular design strategy 

stimulates to design modules based on clearly defined interfaces based on lifetime, maintenance 

moment, upgrade interval, functions, and risks to allow swapping or changing obsolete modules 

instead of chasing the entire system. The interviewees frequently emphasised that modularity 

in a high-tech firm is focused on creating modules based on functions on a high product-level. 

Modules created based on functions means that the product on a high level is built upon modules 

that are defined according to main functions the product needs to perform, for example, a 

throughput module. Improvements were suggested to apply modularity not only on that high 

level but also on a lower level, for example, modularity in a module “...when you open a high 

product-level module, we don't design on re-use inside that module (at module level) …” 

(interview 2, 2020. This implies modularity, for example, on a light sensor or a bearing module. 

From the questionnaire, 83% of all respondents indicated that they often to always, define 

modules based on the following three characteristics: serviceability, upgradability, function-

ability when they design for modularity. This number confirmed that modularity is frequently 

applied in the engineer’s daily work at a high-technology firm. In addition, only 54% of the 

respondents of the questionnaire often to always design a module, which is easy to assemble 

and disassemble. This means that modules designed with easy (dis) assembly moderately occurs 

in a high-tech firm. 

4.1.3 Flexibility 

Third, flexibility is mentioned 38 times in 9 different interview cases. Flexibility is described 

in this thesis as a circular design strategy to design products, modules, and components that can 

adapt to changing conditions, requirements, and environments. The interviewees indicated that 

flexibility could occur by designing modules for multiple generations, by reserving extra 

volume, adding an extra connection. Alternatively, select components that have better 

performance than required to be prepared for the future. 

At the high-technology firm, engineers are searching for flexibility opportunities “…in every 

re-design that we do. We try to think ahead for potential new requests…” (interview 10, 2020). 

However, the interviewees also mentioned that this is not always possible, because volume 

assigned for modules is scarce and can force an engineer to come up with a re-design that fits 

but eliminates potential re-use. “there, we are not good at the high-tech firm in many cases, 

that we were concerned by external interfaces or the volume mechanical concerns” (interview 

5,2020). 
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To overcome redesigns, engineers should look for future performance requirements and lay-out 

needs of modules to make designs such that they can adapt to future performance requirements 

and the layout needs. However, only 56% of the questionnaire respondents often to always 

consider taking future performance and lay-out needs into account to create ranges and 

scalability. 

Furthermore, engineers can add flexibility by designing a module upgradable. The waste can 

be minimized by making a module upgradable because the stock and installed based can be 

upgraded, and in doing that, achieve future specifications, requirements, minimize re-invention 

waste. As a result, the module can last longer. However, only 54% of the respondents that filled 

in the questionnaire often to always minimize the waste impact on stock and installed base 

products by making modules upgradable, when creating a new design. This shows that 

flexibility occurs in the high-tech firm and leads to re-use, but it can be improved. 

4.1.4 Standardisation 

Next, interviewees repeatedly stressed that standardisation is a circular design strategy to design 

modules and components that fit other products or modules as well. However, standardisation 

at the high-tech firm is mainly applied on the mono-component level that results in standardised 

components and interfaces on a low level. “We are extremely standardised on a mono-

component level. We choose from fixed library tubes and valves ...” (interview 3, 2020). This 

concludes that standardisation on components level is well established in the high-tech firm. 

The results showed a significant contrast on high-level standardisation. Only, 30% of the 

respondents often to always consider the entire module roadmap, and they standardise on the 

end of roadmap requirements when they make a new design. This means that at module level 

engineers hardly standardise. Moreover, interviews confirmed this observation in the 

questionnaire “… and in a different application, I know standardisation the way we do 

standardisation is actually not for products but for a specific amount of very low components” 

(interview 10, 2020). To summarise this, standardisation at low-level is well implemented in 

the high-tech firm. However, at high-level, standardisation can be improved. 

4.1.5 Commonality 

The last circular design strategy is commonality, which is coded 90 times in 10 interviews. 

Commonality is a circular design strategy to design products and modules that can use identical 

modules and components in different purposes. The interviewees indicated that at the high-tech 
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firm, a product is designed for commonality by designing modules or components backwards 

and/ or forwards compatible across products and platforms. 

Furthermore, 80% of the respondents that filled in the questionnaire often to always choose for 

commonality across platforms, when they make design decisions. These respondents are all 

referred across the departments (clusters) mechanical department, electrical department, and 

Conditioning department. This implies that based on clusters, each design has been considered 

for commonality opportunities across different platforms. However, when reflecting the results 

sorted by different roles, in this case, the roles of design engineer and architect, only 51% of 

the respondents that filled in the questionnaire often to always choose for commonality across 

platforms, when they make design decisions. A designer or architect develop an actual product. 

Therefore, it is vital that these roles look across platforms to find re-use opportunities. The 

results indicated that design engineers and architect choose less for commonality across 

platforms when they make design decisions in contrast with departments. 

Besides, interviewees stressed out that a detailed long-term fixed roadmap is needed to secure 

commonality “You just make a roadmap and say “yes” what's coming in the future, and then 

you try to get commonality as smart as possible.” (interview 3, 2020). The results from the 

questionnaire showed that 51% of the respondents often to always, use the function roadmap 

because it helps them to understand re-use ability direction. This concludes that roadmapping 

is important to enable design for re-use as a design enabler of commonality. However, it can be 

improved in the high-technology environment. 

Next, interviewees mentioned that the layout needs to be fixed for a long-term period to secure 

re-use. Fix the dimensions of modules and components is important to enabling re-use in the 

same and different applications. If not, re-use cannot be secured in same or other applications 

“For the hardware module, the volume and the mechanical interface should stay identical 

otherwise each other machine is different” (interview 5, 2020). Thus, the layout needs to be 

fixed. However, there should still be space for future needs. For example, for innovation, 

achieving better performance, and adapting to changing environments. These characteristics 

must be considered when fixing lay-out. Otherwise, a module can only be used again in the 

same application. 

Finally, engineers mentioned that they consider designing for commonality across different 

products and high-level modules. As a result, from the questionnaire, 52% of the respondents 

often to always choose for commonality across functions and across roadmaps, when they make 
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a design decision. This implies that commonality across products and modules can be improved. 

In addition, interviewees mentioned that it is difficult to find commonality across modules and 

low-level modules in the same product and cross-platform. This implies that commonality 

should be improved across products level, high-level module level, low module level, and 

across platforms. As a reason, one of the engineers mentioned that time and budget is a reason 

that this type of commonality cannot be achieved. Next sections discuss the reasons in detail. 

4.2  Implementing Design for Re-use in a high-tech firm 

The second part discusses two aspects that are needed to implement design for re-use. First, 

what are reasons that hold people to design for re-use. Second, what is needed to design for re-

use. The results answer sub-research question 3: What are the bottlenecks and improvements 

for implementation of circular design strategies for re-use in a high-technological 

manufacturing firm? 

From the open question: when design for re-use on a specific development is not applied, what 

do you think are the reasons thereof, reasons were mentioned. Figure 4-1 displays the reasons. 

These reasons can be grouped in the following categories (indicated by the different colours 

Figure 4-1): no priority, lack of knowledge, no re-use requirement, missing business driver, 

lack of knowledge, and current product footprint. These reasons were extracted from the 

questionnaire and used to code the interviews, as explained in chapter 3. No other barriers were 

found when coding the interviews, using this broad set of barriers (Figure 4-1) extracted from 

the questionnaire. Besides, interviewees that took part in the semi-structured interviews, 

respondents that filled in the questionnaire, and participants of the brainstorm session have 

specified improvements that can stimulate design for re-use in the high-tech firm. The following 

paragraphs discuss bottlenecks and improvements indicated by participates of this research. 
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Figure 4-1: Word cloud of reasons mentioned by respondents (no priority, orange; lack of knowledge, blue; no re-use 

requirement, grey; missing business driver, black; current product/design footprint, green; time to market, dark blue) 

4.2.1 No priority 

The first reason that engineers cannot design for re-use in no priority (Figure 4-2). No priority 

is found in the questionnaire open questions and tested by a multiple-choice question in the 

high-tech firm. From the open question (Figure 4-1), people indicated 267 times that no priority 

is the reason that re-use cannot be applied. From the 601 respondents of the questionnaire, only 

43% of them often to always see design for re-use as a high priority in their daily work. In 

addition, interviewees mention no priority as a reason that re-use is not applied (37 times in 10 

interviews). Interviewee 10 quoted the following, which is representative of what is found in 

other interviews: “So far it has not been in the priorities. The management has the task to make 

re-use a priority and make sure this is cascaded down to the line and projects” (interview 10, 

2020). 

 

Figure 4-2: Cartoon no-priority (Herman Jan Couwenberg, 2020) 
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This concludes that re-use in the design cannot be achieved because of no priority is given on 

re-use. No priority is a result of no resources and the time pressure the engineers currently face. 

In addition, their priority is more on the innovation that needs to be accomplished and the 

performance requirements that must be achieved in the time period given. 

Moreover, respondents and interviewees indicated that they cannot allocate enough time to 

design for re-use because of other priorities or because the time to market is short. This short 

time to market lead to the short development time engineers must design a comment, module, 

and product. This is not only mentioned in nine quotes from interviews but also from 83 

respondents in the questionnaire. “Timing is also an important one, because often it is like this: 

we would like to use the same engine. However, we would like to have it three months earlier. 

“Yes, hmm… that is not possible”. So, these are all difficult agreements between different 

business lines.” (interview 7, 2020). For the 601 respondents, only 28% of the respondents can 

often to always allocate time (Figure 4-3) to design for re-use in their daily work. This concludes 

that engineers have no time to design a component, module, of a system to design for re-use. 

Moreover, Interview 7 (2020) states that when more time is available common designs across 

platforms could feasible. This implies that even more time should be invested in designing, for 

example, a module applicable cross-platform, for re-use, which will last longer. As a result, 

once more time is spent on designing something for re-use from the beginning. It might result 

in saving time later because a designer does not need to re-invent the wheel. 

 

Figure 4-3: Cartoon no time (Herman Jan Couwenberg, 2020) 

As interviewee ten indicates, priority should cascade down from the higher management 

towards the engineer to implement design for re-use. This can be done by making a corporate 

policy on re-use. Besides, to make re-use a priority, the brainstorm session suggests making the 
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priority personal and initiate rewards and recognition, for engineers that apply design for re-use 

that minimizes or prevent waste. Besides, treat priority like safety because safety is a real no-

brainer for an engineer, and if re-use is a threat like safety, re-use may become a no-brainer. 

4.2.2 Not part of the requirement 

A second reason is that re-use is at the high-tech firm not part of the requirement. Re-use cannot 

be achieved in the design phase because it is not included in the design requirements. Engineers 

should take re-use as much as possible into account to minimize re-invention waste, increase 

development time in the future, and work with a design that lasts. Therefore, re-use should be 

in the requirements in order that engineers know re-use and take re-use into account. This 

statement is a result of the 177 answers in the questionnaire related to no part of the 

requirements. In addition, 59 quotes in the interviews are related to not part of the requirements. 

However, from all respondents, 66% find re-use often to always important to their work. By 

adding re-use in the requirement, this number should increase because a requirement makes 

something important. A requirement can be imposed by the management to make something a 

priority during the design phase. From all respondents, 177 indicated that a requirement is 

needed to design for re-use. This number is shared by 59 quotes mentioned in interviews. Lastly, 

requirements are mentioned in the brainstorm session. This concludes that a re-use requirement 

is needed to make re-use a priority and to implement design for re-use. 

4.2.3 Missing re-use business driver 

A third reason that re-use cannot be achieved is that a business case is required and that a 

business driver is missing. This means that without a business case, people have no reason to 

design for re-use. As a result of the open question analysis, 138 people mentioned that a 

business case is missing. In addition, 56 quotes were found by analysing the semi-structured 

interview related to a missing business case and business driver “KPI’s or something 

measurable making re-use a KPI means that this KPI will be taken along the rest of the KPI’s 

and it will allow projects to justify or be allowed to spend the extra time to achieve it. A KPI is 

measurable, and projects will report on it; as such re-use become business as usual for the 

projects” (interview 10, 2020). 

As an improvement indicated by 148 respondents is to develop a re-use business driver. 

However, 67% of the respondents disagree or strongly disagree with the statement that re-use 

cannot be fully exploited because it is not clear what the benefits of re-use are. This implies that 
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it is clear to most engineers that by applying re-use, there is a benefit. This benefit should, 

according to the respondents and interviewees (quoted 45 times) be translated into a business 

case and triggered by a business driver. When a business case is clear to the management, they 

can act to steer decision decisions. This concludes that a re-use business driver increases the 

priority to design for re-use and makes design for re-use valuable. As a result, a re-use business 

driver increases the value creation of the product. 

4.2.4 Lack of re-use knowledge 

The fourth reason is the lack of re-use knowledge (Figure 4-4) at the high-tech firm. Lack of 

knowledge is indicated 237 times in the questionnaire and 37 times in the interview. “I have no 

knowledge about other machines and searching for the right component from previous 

machines, many times I do not know where to start…” (respondent 240, 2020). Besides, from 

the respondents, 63% search often to always in the design history before they design something 

new. In addition, 55% search often to always in the roadmap before they design something new. 

This implies a moderate level of engineers looks to the design history or the roadmap, which is 

important for all circular design strategies. 

 

Figure 4-4: Cartoon lack of knowledge (Herman Jan Couwenberg, 2020) 

According to all results, re-use cannot be achieved because of the lack of knowledge about 

achieving re-use in the design, lack of design history knowledge of what is already there, and 

lack of knowledge about compatibility opportunities across the product family. Besides, re-use 

cannot be achieved because of the missing re-use mindset, which is missing in mind and that 

the engineers are not aware of the re-use possibilities, solutions, and existence. 
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An improvement to stimulate design for re-use and a place to gain knowledge is a product 

design library. A product design library is a digital environment, which collects, stores, and 

shares design information of components, modules, products, platforms. Design information 

contains, for example, history design decisions and current design consideration across all 

platforms. From the respondents of the questionnaire, 46 people mentioned that a product 

design library could help them to design for re-use. Moreover, 80% of the respondents agree or 

strongly agree with the statement: a database, including design history and reasons for design 

decisions, can help me to design for re-use. This statement has been worn by interviews because 

it is mentioned 11 times in 10 interviews. “it could help to define a function database with 

functions applied in the system and how it is implemented, when starting new projects a function 

cross-check can then be done to see what is currently done to satisfy this function and check if 

re-use is in order” (respondent 496, 2020). Finally, the product design library is mentioned in 

the brainstorm session as an improvement that is needed to implement design for re-use. 

Moreover, creating awareness about re-use and the quote “do not reinvent the wheel” is 

mention 17 times in the questionnaire and 23 times in the interviews as a manner to implement 

design for re-use. At the high-tech firm, 73% of the respondents often to always search for 

standardized parts and modules form suppliers and the high-tech firm before they design 

something new. This really helps to minizine re-invention waste. In order to stimulate the 

minimization of re-invention waste best practices is helpful. Best practices are mentioned 17 

times in the questionnaire and 12 times in the interviews. In addition, 73% of the respondents 

agree or strongly agree with the statement: a re-use training that teaches me how to design for 

re-use can be beneficial. Moreover, 89% of the respondents agree or strongly agree with the 

statement that best practices example can help me to design for re-use. In addition, during the 

brainstorm session, creating awareness and developing re-use training is mentioned by the 

participants. “Providing successful examples of re-use activities will make the employees think 

of tangible opportunities they can translate to their own work. Architects and designers are key 

in the making re-use a success, and by providing them with do’s and don’ts will ensure people 

do not re-invent the wheel and they do not make repeat the mistakes of the past” (interview 10, 

2020). This concludes that awareness can be created by providing re-use training and lessons 

learned from the best practices. 

Furthermore, visibility cross-platform is beneficial to stimulate design for re-use at the high-

tech firm. Fourteen people from the questionnaire, 33 quotes from the interviews, and some 

participants from the brainstorm session indicated that visibility cross-platform helps to design 
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for re-use. From the questionnaire, 55% of the respondents often to always know where they 

can find information on standardized designs, parts, and modules in the high-tech firm. This 

implies that the majority knows where to look. However, this number also tells that 45% of the 

people never or sometimes look across platforms to find opportunities to re-use knowledge, 

which is still a large number. Yes, I think that certain re-use quantity can be improved by 

lowering a certain threshold, for developers to know what kind of solutions there have been to 

similar problems" (interview 8, 2020). Visibility across platforms can improve this. Visibility 

across platforms implies to create an environment that visualises design developments across 

different products and platforms, which is accessible for engineers. This gives engineers the 

opportunity to share development knowledge, know what is currently being designed, and 

stimulates cross-platform designs. 

4.2.5 Current design footprint 

The final reason is that re-use cannot be enabled because of layout conflict that will occur as a 

result of changing modules or components. Besides, respondents and interviewees mentioned 

that modules in a high-tech firm are highly complex, and therefore is difficult to design it re-

useable. In addition, in the past designs were made in a linear economy, thus not designed to be 

re-used. This implies that the current product/design footprints are the designs and products that 

are already has been developed in the past, with requirements, business cases, and drivers from 

the past. The current product/ design footprint is a reason that people cannot design for re-use 

because the current design is not future prepared or is not designed with circular design 

strategies. In total, 93 quotes in the questionnaire and 15 quotes in interviews mentioned that 

the current product/ design footprint is a reason why re-use cannot be achieved. 
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5. Discussion and conclusion 

The last chapter of this thesis addresses the discussion and conclusion of this research. In 

addition, this chapter answers the main question “How can circular design strategies lead to 

re-use in the high-technological manufacturing firms?” Chapter 5 is divided into four sections. 

The first section consists of the discussion. The second section concerns the conclusion. The 

third section elaborates on the limitations and future research. The last section discusses 

managerial recommendations. 

5.1  Discussion 

This research is built upon a literature review and a single case study. The case study is executed 

in one high-tech firm by executing ten semi-structured interviews to understand in-depth 

considerations of engineers. Besides, a questionnaire is conducted to find out whether design 

for re-use is supported by the high-tech firm. The questionnaire is answered significantly 601 

times, from the 362 respondents who were required. Finally, a brainstorm session took place in 

a corporate organised brainstorm session during the sustainability week. Section 5.2.1 discuss 

the results which did not correspond with the initial literature review. Next, section 5.2.3 discuss 

the generalisability of the conducted research. 

5.1.1 Enriched design for re-use house framework  

The findings extracted from the case study, as described in Chapter 4, confirmed the literature 

largely. The high-tech firm recognised all five circular design strategies and the design enablers 

as described in the Design for Re-use house. Moreover, each strategy and design enabler has 

been applied in a variety of ways from ‘sometimes’ to ‘often’. However, the strategies and 

design enablers described in Chapter 2 are not always applied to realise re-use. The high-tech 

firm contains other motives, for example, to clean parts to design for accessibility and to 

replaceability. Overall, the high-tech firm recognised the value of applying the circular design 

strategies and the design enablers, including enabling re-use. However, the high-tech firm 

indicated three improvements to enrich the Design for Re-use House, (1) reliability to be 

included as a design enabler, (2) serviceability, sequencing, cleanability to be included as part 

from the circular design strategy re-conditioning, and (3) applicability of modularity and 

standardisation on different product levels. 
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The first enrichment is adding the design enabler “reliability” as part of re-conditioning. When 

referring to the literature, reliability not only fits in practice, however also in theory, with re-

conditioning. According to Den Hollander et al. (2017), a long life for products is established 

with a design for physical durability. This implies that a product degraded over time slower 

than comparable products (den Hollander et al., 2017). Degradation of a module or component 

can be caused by design, wear, tear, fatigue, creep, and corrosion (Bocken et al., 2016; den 

Hollander et al., 2017). Design for reliability is indicated by Bocken et al., (2016) as a design 

of a module or component that will operate for a certain period of time without, for example, 

doing maintenance (Urbinati et al., 2018). Design for long-life use of products is concerned, 

ensuring a long utilization period of products (Bocken et al., 2016; Moreno et al., 2016). This 

summarises that reliability enables a component, module or product to operate in a specific 

period specified on the physical durability. Reliability fits with re-conditioning as it defines the 

time period of a component, module, or product until it needs to be re-conditioned. 

Secondly, an improvement for the Design for Re-use House is to add (1) serviceability, (2) 

sequencing, and (3) cleanability. According to Van de Berg and Bakker (2015), serviceability, 

sequencing, and cleanability are part of non-destructive disassembly. This is in line with the 

results as it must lead to re-use in the same or different application. First, serviceability referred 

to the accessibility of internal components and subsystems that requiring re-conditioning, for 

example, need to be repaired (Van den Berg & Bakker, 2015). Secondly, sequencing is referred 

to a disassembly sequence, which includes identifying components with an assembly sequence, 

identify components with similar assembly tools and techniques, and reduce the complexity of 

reassembly (Van den Berg and Bakker 2015). According to the participants, sequencing is part 

of accessibility and replaceability. However, when interpreting the definitions, according to 

Van de Berg and Bakker (2015), sequencing fits better with easy assembly and disassembly as 

part of modularity. Third, cleanability, or the ease of cleaning, is part of remanufacturing and 

accessibility, according to Van den Berg and Bakker (2015). The ease of cleaning includes (1) 

smooth product surface (included wear-resistant), (2) accessibility, (3) surface cleaning process, 

(4) limit material types, and (5) identify components requiring similar cleaning procedures (Van 

den Berg & Bakker, 2015). 

Finally, according to the results, standardisation and modularity are assessed based on different 

product levels by engineers. This implies that on a different product level, the strategies, 

modularity and standardisation, are applied more or less frequently on different product levels. 

The results showed that modularity on a high-level is applied well but on a low-level less, in 
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contrast to the standardisation, which is applied more frequently on a low-level and less on a 

high-level of a product. The following question arises: What is a high product level, and what 

is a low product level? The development of a product can be divided into three hierarchical 

levels (Graessler et al., 2018). A high-level of a product is called a system-level, a mid-level of 

a product is called a sub-system level, and a low-level of a product is called a mono-component 

level. As described in chapter 2, the goal is to minimize and prevent reinventing and in-

company inventory waste. Design for re-use needs to be utilised as much as possible to achieve 

that goal. Therefore, modularity and standardisation should be fully utilised on all three 

hierarchical levels. 

5.1.2 Generalisability 

Generalisability is the transferability of findings to other settings and applicability in other 

contexts (Noble & Smith, 2015). This research used a single case study and focused on one 

high-tech firm. Therefore, this research is limited to the information obtained from one data 

source. When focusing on other high-tech firms in other specific areas, other design enablers 

could occur. For example, this high-tech firm indicates that cleanability should be part of the 

Design for Re-use House. However, this could be less or not necessary for other manufacturing 

organisations. This contrasts with the five circular design strategies, which can be applied in 

other manufacturing organisations. Therefore, other manufacturing organisations could provide 

other data to enrich the Design for Re-use House framework. In addition, specific bottlenecks 

and improvements could be found in other manufacturing organisations or in other high-tech 

firms. This can be explained by the fact that each firm is organised differently and therefore, 

face different bottlenecks, which need different improvements. The specific bottlenecks and 

improvements of the high-tech firm can be seen in Table 7. 

5.2  Conclusion 

The conclusion answers the main research question and the three sub-research questions. At 

first, the first sub-research questions will be answered. Secondly, the second research questions 

will be answered. A third, the third sub-research questions will be discussed. Finally, the main 

research question will be answered. 

5.2.1 Circular design strategies that enable re-use 

The first sub-research question “What circular design strategies enable re-use in the high-

technology manufacturing industry according to literature?” is answered by means of literature 
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review. Circular design strategies are general plans to achieve a long-term circular and 

sustainable design or component, module, and product. Circular design strategies can be used 

during the development of a new component, module, or product to achieve re-use in the same 

application and different application. Re-use in the same application implies the re-use of a 

design or component, module, and product as it is initially intended in the same environment, 

for the same purpose. In contrast to, design for re-use in a different application. This implies 

the re-use of a design or a component, module, and product in a different environment, for a 

slightly different purpose. As a result, of re-use in the same or different application, re-invention 

waste and inventory waste will be prevented or minimised. 

According to literature research, five different circular design strategies leads to re-use in the 

same or different application. At first re-conditioning, this strategy leads to designs which, after 

failing to perform one or more of its functions satisfactory, can be restored to fully satisfactory 

performance for the intended application. Second, the strategy modularity that defines designs 

based on clearly defined interfaces based on lifetime, maintenance, functions, risks, or upgrades 

interval to allow swapping or changing obsolete modules instead of changing the entire system. 

The third circular design strategy is flexibility. This strategy leads to designs that can adapt to 

changing conditions, requirements, and the environment. The next strategy is standardisation, 

which leads to designs that fit other designs (e.g., modules and products) as well. The last 

strategy is commonality, which leads to designs that can fit in different purposes (e.g., different 

modules applicable for different platforms). 

A circular design strategy needs design decisions to enable re-use in the same or different 

application. In this thesis is the product design decision is referred to as design enablers. Design 

enablers are product design decisions in the development of a design or a component, module, 

and product that shape designs. Frist, re-conditioning is enabled by remanufacturing, 

repairability, and accessibility and replicability. Second, modularity is enabled by grouping the 

system in modules based on upgrade moment, maintenance moment, function, and risk. In 

addition, modularity is enabled by easy assembling and disassembling of the created modules. 

Third, flexibility is enabled by upgradability, adaptability, and extendibility of the module. 

Then standardisation which is enabled by identical specifications, volume, and lifetime. Finally, 

commonality is enabled by platform definition, roadmapping, and lay-out definition. 

However, the design enablers and circular design strategies operate complementary with each 

other to achieve the re-use in the same application and different application. Therefore, a goal 
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needs to be defined, including the desired re-use value. Otherwise, the strategies could 

counteract each other. To conclude, the design for re-use house framework, as can be seen in 

chapter 2, lead to re-use in the same or different application in the high-technology 

manufacturing industry according to the literature review. 

5.2.2 Circular design strategies that enable re-use in the high-tech firm 

The Design for Re-use House is tested in a high-tech firm and thereby answering the second 

research question “Which design strategies for re-use are applied in a high-technological 

manufacturing firm?” Figure 5-1 displays the design for re-use house framework applied in 

this thesis case. As can be seen, Figure 5-1 summarises the results discussed in chapter 4.  

Overall, the results of the questionnaire and interviews confirmed the literature that in a high-

tech firm, the five circular design strategies are applied, which are leading to design for re-use. 

This allows the re-use of designs or components, modules, and products in the same application 

and in a different application. 

 

Figure 5-1: Conclusion design for re-use in a high-tech firm in the Design for Re-use House framework 

 

As can be seen in Figure 5-1, are the “bricks” (what the Design for Re-use House consist of) 

indicated in four different colours. This is indicated in four different colours and can be seen in 

Table 6 to indicate how well a design enabler or a circular design strategy is applied within the 

high-the firm. The green brick indicates that the design enabler and circular design strategy is 
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well applied in the high-tech firm. In addition, the yellow brick indicates that the design enabler 

and circular design strategy is less applied in the high-tech firm. Besides, the red colour 

indicates that the design enabler and circular design strategy are rarely applied in the high-tech 

firm. Finally, the grey colour indicates that a new brick is added to the design for re-use house 

as a result of doing research at the high-tech firm. This new brick is not tested during the 

interviews and questionnaire because it is a finding from doing research. The following 

paragraphs summarise the results of this research related to sub-research question two and 

referring to the figure below. 

Table 6: Legend of evaluated Design for Re-use House 

Circular design strategy Design enabler Applied in the high-tech firm 

Re-conditioning  Less 
 Reliability Not tested 
 Accessibility Well 
 Replaceability Well 
 Repairability Less 
 Remanufacturability Less 

Modularity  Less 
 Grouping and subassemblies high-level Well 
 Grouping and subassemblies low-level Less 
 Easy (dis) assembly Less 

Flexibility  Less 
 Adaptable, upgradable, extendable Less 

Standardisation  Rarely 

 Components and interfaces with identical 

specification at a low-level 
Well 

 Components and interfaces with identical 

specification at a high-level 
Rarely 

Commonality  Less 
 Platform definition (Role) Less 
 Platform definition Well 
 Roadmapping Less 
 Layout Less 

At the high-tech firm, engineers put attention to design components and modules such, that it 

is accessible and replaceable. However, more attention should be considered to design 

components, modules and product repairable and re-manufacturable. This can be done by 

considering alternative ways, for example, using bolts to connect the component or modules. 

In addition, cleanability is included in the definition of remanufacturability, which implies that 

the component, module, or product should be designed that it can be cleaned when it is re-

manufactured. Finally, the design enabler reliability should be included beneath the circular 

design strategy “brick” re-conditioning. Reliability is a design enabler that set the lifetime of a 

product, module, and component in a way that it must operate. Reliability is indicated grey, as 

can be seen in Figure 5-1 because it is not considered in the current literature. 
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Furthermore, modularity is achieved by creating modules of sub-assemblies based on the 

functionality, upgrade moment, maintenance moment, and the risks. In the high-tech firm is 

modularity on a high product level, well known and applied (Figure 5-1 displayed “H” in a 

green circle). In contrast, modularity on a lower product level, which can be improved. 

Therefore, modularity is indicted yellow as can be seen in Figure 5-1, but modularity is 

indicated green on a high product level (Figure 5-1). Besides, modules should be easily (dis)-

assembled with each other. That is currently a known practice at the high-tech firm but can be 

improved. 

A flexible design should be adaptable, upgradeable, and extendable towards its changing 

environment. In the high-tech firm, flexibility can be realised and improved by defining scales 

or ranges based on predicted changing conditions for future products using a roadmap. This 

summarises flexibility is indicated yellow (Figure 5-1). 

The next circular design strategy standardisation is on a low product level widely applied in the 

high-tech firm. This is indicated in Figure 5-1, with a green circle with an “L”. In contrast to a 

high product level standardisation, this can be improved by standardising entire products, 

modules, and components, including searching for standardisation opportunities across 

different platforms, products, and modules. Therefore, standardisation is indicated red in Figure 

5-1. 

Finally, commonality is a circular design strategy, which enables a design to be applicable for 

different purposes. In the high-tech firm, commonality includes forwards- and backwards 

compatibility of a module or component. This implies that the design of a module or component 

is compatible with a previous product, or prepared for a future product. 

Besides, a detailed long-term fixed roadmap is needed to clarify the design boundaries. Design 

boundaries are essential to make design requirements, in turn, is essential to define a design. 

Moreover, lay-out need to be fixed for a long-term period to secure re-use. Without fixing the 

dimensions, collateral damage may occur, which triggers modifications of current designs, 

which can result in re-invention waste. Therefore, the design enabler roadmap and layout is 

indicated yellow in Figure 5-1. 

Furthermore, the definition of components, modules, and products across multiple platforms 

are considered in the clusters, mechanical department, electrical department, and Conditioning 

department. However, when analysing the results based on the perspective of architects and 
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design engineers, it shows that they less define components, modules, and products across 

multiple platforms. To conclude is commonality indicated yellow at the high-tech firm as can 

be seen in Figure 5-1. 

5.2.3 Bottlenecks and improvements to enable re-use in the high-tech firm 

The last sub-research question three “What are the bottlenecks and improvements for 

implementation of circular design strategies for re-use in a high-technological manufacturing 

firm?” is answered in this section. According to the results extracted from semi-structured 

interviews, questionnaire, and the brainstorm session, bottlenecks are indicated in the high-tech 

firm that held engineers to apply circular design strategies that lead to design for re-use. 

Besides, this research indicated improvements to secure design for re-use in the high-tech firm. 

Both bottlenecks and improvements are listed in the action list, which can be seen in Table 7. 

At first, re-use is currently not part of the design requirements. Interviewees and respondents 

indicated that if the engineering community take re-use into account, it must be considered in 

the requirements. When re-use is taken in the requirements, engineers must take re-use 

requirements seriously. Therefore, putting re-use as part of an integral design requirement can 

lead to re-use. 

The second bottleneck is a missing business driver that drives for design for re-use. Participants 

mentioned that a re-use business driver is vital to design for re-use. A re-use business driver is 

a financial driver for an organisation to implement re-use. The “drive” is, in this case, adding 

value to a product to prevent or minimize the re-invention and in-company waste by design for 

re-use. 

The third bottleneck is a lack of priority. Engineers mentioned that re-use has no priority in 

their daily job, which held them to apply circular design strategies. One cause of no priority is 

the lack of resources. Another cause is that engineers have other priorities. In this case are the 

priorities of the engineers set on performance and innovation. Besides, is time pressure a cause 

of no priority, which is a result of time to market. However, priority can be created, by a 

corporate policy on re-use or communicated by the higher management, which can be cascaded 

down through the organisation. Another improvement suggestion is to threat re-use like safety. 

Moreover, re-use can be set as a personal priority or rewarded to stimulate the priority of design 

for re-use. 
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The fourth main bottleneck is the lack of the right knowledge. This lack of knowledge is divided 

in (1) lack of knowledge of what is already there across different platforms, (2) what has already 

been developed, (3) what will be required in the future, (4) if there are compatibility 

opportunities, and (5) how can re-use be achieved. As the results indicated, knowledge what 

already has been developed in the past can be collected in a product design library. In addition, 

design data across different platforms, and products can be collected in the product design 

library. In that way, a product design library can create visibility across platforms, which 

engineers indicated to be improved as a result of interviews, questionnaire and the brainstorm 

session. 

Furthermore, can knowledge be shared via a re-use training, which can be created to explain to 

engineers how to enable re-use by the very start of a new design. In addition, provide examples 

of learnings from the past, which could be best practices or unsustainable examples to let 

engineers learn. 

5.2.4 Circular designs strategies lead to re-use in the high-tech firm 

This section answers the main research question of this thesis “How can circular design 

strategies lead to re-use in the high-technological manufacturing firms?”. The goal of high-

tech firms is to minimize or prevent re-invention and in-company inventory waste. To achieve 

that goal, a high-tech firm needs to design components, modules, and products that can be re-

used in the same or in a different application. Therefore, the firm needs to adopt circular design 

strategies during the NPD of a component, module, or product. This practice implies design for 

re-use. Furthermore, the high-tech firm needs to overcome bottlenecks by implementing the 

improvements. 

The characteristics of a high-tech firm are one being innovative based and two driven by a 

technology roadmap, which is both needed to enable new innovations and push performance. 

However, the organisation wants to design for re-use to minimise the re-invention and in-

company inventory waste. This implies that an organisation should hold on designs and develop 

similar components or modules, which is in contrary to its own characteristics. According to 

the results striving for the conservation of components, modules, and products are difficult for 

a high-tech firm because it also strives for distinctiveness to enable innovation and performance 

increase. Therefore, the high-tech firm might need to spend more time on designing a 

component or module for re-use. As a result, the components or modules might save 
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development time in the long-term because the components or modules are designed such that 

it will last in future products. 

To be able to design for re-use, the results indicated that components, modules, layout and 

roadmap need to be fixed which are not required to change or need to be innovated. Therefore, 

“space” in the product needs to be created to allow incremental or radical change (to allow 

innovation) and “space” in the product needs to be created that is not allowed to be affected. A 

re-use business driver (or business case) should contribute to understanding what “space” 

should be preserved, and what space should be innovated. 

5.3  Limitations and future research 

The results indicated that a re-use driver is needed to make re-use a priority in the high-tech 

firm. An excellent re-use driver should drive for an excellent product, marketing and sales 

(Nijssen, 2017). This implies, to achieve re-use impact with a complex innovation, a business 

case must be created. In other words, a re-use business driver must be created. 

A re-use business driver contributes to the value proposition of the organisation. The value 

proposition implies what value is embedded in the product (Boons & Lüdeke-Freund, 2013). 

In this case design for re-use is added as a value to the value proposition on the following 

aspects: decreasing ecological footprint; minimizing or prevent waste re-invention and in-

company inventory waste; components, modules, and products with an extended product life 

cycle; increasing component, modules, and products reliability; and customers circular 

economy (chapter 2 re-use benefits).  This concludes that the value proposition can be redefined 

based on design for re-use (Osterwalder & Pigneur, 2010). 

Furthermore, re-use business driver should be considered in the long-term because it contributes 

to the circular economy and to multiple stakeholders. Therefore, a sustainable business value 

can be considered to develop a value proposition to create value for the customer, supplier, 

organisation, and environment (Baldassarre et al., 2017). It is considering a value that can be 

created for first customers by delivering a product that has an extended product life cycle, which 

is considered increasingly ecological sustainable. Second, suppliers could consider developing 

repair centres to re-condition the components, modules, and products. Third, the high-tech 

firm's development time can be shortened due to the re-using of designs. Finally, the 

environment can benefit due to the minimisation of the earth’s resources. This concludes that 

design for re-use can not only create value for the organisation but that it is a change to the roles 
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of stakeholders in the eco-system of the firm. Therefore, the ecosystem could be improved by 

seeking for design for re-use opportunities further than only the component, module, and 

product. Consequently, the roles of each stakeholder should be re-considered to increase the 

eco-system value proposition, with the opportunities that bring design for re-use to the products 

(Talmar et al., 2018). Hence, it would be interesting to combine the value-proposition, business 

modelling, and ecosystem literature with the design for re-use literature. 

The generalisability of the results is limited since the data is analysed by only the researcher. 

Provisional coding was used to code the semi-structured interviews. Beforehand, the 

provisional codes were discussed with a supervisor of the university and the project owner. 

Next, the semi-structured interviews were conducted. Furthermore, the data, as a result of open 

questions in the questionnaire, were analysed using open coding. The data analysis was 

discussed again with a supervisor of the university and the project owner. However, both coding 

practices could increase reliability and validity by executing the practice with a group. In that 

case, it would be possible for each interpretation to discuss the formulating of the code and the 

labelling on the data with a group. 

The re-use scope of this research is designed for re-use in the same and different application. 

Beyond this re-use scope, recycling is an element that can strengthen this research. This 

research takes re-use into account in the development of a new component, module, or product 

a component, module, or product can be created, which can be re-used in the same or different 

application. This research did not consider whenever the component, module, or product can 

be recycled to re-use the raw material. Therefore, recycling had to be considered during the 

design of a new component, module or product. In other words, Design for recycling should be 

considered as new research. 

Moreover, this research built a design for re-use house framework and assumed that this is 

applicable to system-level, sub-system level, and mono-component level. However, this 

research did not explicitly test the framework-specific one of the three hierarchical product 

levels (Graessler et al., 2018). The results showed differences in system-level and mono 

component level on the circular design strategies modularity and standardisation. However, 

these results appear when conducting semi-structured interviews. Therefore, this research can 

be enriched by executing this research based on the three different product levels. 
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5.4  Managerial recommendations 

Insights derived from this research can be applicable for engineers and managers of the high-

tech firm. First, the design for re-use house framework can act as a guideline for engineers to 

design for re-use. This framework contains circular design strategies and design enablers 

(product design decisions), which could help engineers to think ahead and try to implement re-

use when creating new designs. The design for re-use house framework can be used in a re-use 

training to explain to engineers and managers what will be expected taking re-use into the 

design. Furthermore, the design for re-use house framework is useful to identify best- and worst 

design practices in the NPD. These practices, in turn, can also be useful to be part of the re-use 

training to teach engineers and managers about design for re-use. During those training, it could 

be discussed what is expected from engineer and managers, and what is not expected from 

engineers and managers. 

Additionally, a high-tech firm should develop a re-use goal. These insights can be used as an 

input for the circular design strategy commonality to define a detailed long-term roadmap. 

Furthermore, customer needs can be useful to define and fixate the product layout. A long term 

roadmap and fixed layout can contribute to the re-usability of components, modules, and 

products. 

Another recommendation concerns the definition of a new product in the high-tech firm. When 

defining a new product, the high-tech firm should first decide which components and modules 

can be taken over from previous designs. If this is not possible,  it should be considered if 

existing designs of components and modules could be applicable with small modifications. 

When both are not applicable, the high-tech firm should consider a redesign of the component 

or module based on the design for re-use house. This implies that the components and modules 

need to be designed such that it can be re-used in the same or different application. Inhere the 

engineers and managers should take into account if it is possible to develop the module such 

that future generations products and other products from the product family could also benefit 

from the new design. In addition, engineers and managers should also take the possibilities to 

develop the modules such that previous products can benefit from the new design. 

Furthermore, when developing a new product, the high-tech firm should describe which 

modules should be changed and which should not be changed. This could be done by identifying 

innovation spaces (space or selected items in the product to allow changes) and preserve spaces 

(space or selected items where change is not allowed). 
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Bottlenecks appeared after conducting research in the high-tech firm and need to be solved to 

implement design for re-use. Additionally, improvements appeared as a result of the conducted 

research, which can help to solve the bottlenecks. Table 7 shows an action list that combined 

the bottlenecks and improvements that appeared from the research. 

The first bottleneck, a re-use requirement can enforce engineers and managers to think about 

re-use and take re-use into account when designing a new component, module or product. 

Therefore, a re-use requirement should be described in the design requirements. Moreover, a 

re-use requirement could also be a business requirement. This could be achieved by defining a 

re-use KPI (Key Performance Indicator). 

Second, a perfect re-usable design is worth nothing without a good business case. Therefore, a 

re-use business case should be described. This re-use business case should be defined in 

collaboration with engineering, marketing, and supply chain management. These stakeholders 

are necessary as marketing defines a product, engineering designs the product, and supply chain 

contains the process of knowledge about the product. In addition, supply chain monitors the 

risk of introducing a new component or module into the market and what kind of components, 

modules, and products are currently in stock. To conclude, a business case could be developed 

based on waste and demand.  

Third, no priority for re-use is a result of time pressure, time to market, and lack of resources. 

Both a re-use requirement and a re-use business driver should be embedded in the NPD process. 

Besides, design for re-use could be embedded in the day to day work by making it a personal 

priority, by making it a management priority, by introducing a design for re-use awards and 

recognition, by creating a corporate policy to share the importance of re-use, and by treating re-

use similar as safety during the design phase. 

The final bottleneck to overcome is the lack of people’s knowledge as a result of lack of design 

history knowledge, missing re-use mindset, missing knowledge to create compatible designs, 

and no re-use awareness. To overcome these barriers, the high-tech firm should introduce a 

product design library embedded in the NPD process. This product design library should at least 

consist of design decisions history. Besides, the visibility of cross platforms should be 

embedded in the NPD process. It should be embedded to provide an overview for engineers to 

know what developments happen across platforms. Moreover, awareness should be created to 

understand the importance of re-use. Finally, re-use initiatives should be communicated to the 
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organisation and suppliers via higher management, intranet, events, and urban marketing in the 

organisation. 

Table 7: Action list 

Nr. Bottlenecks Actions 

1 
Re-use is not part of the 

requirement 
Re-use part of integral design requirement 

2 
A business driver is missing to 

drive for re-use 
Re-use business driver (re-use business case) 

   

3 No priority for re-use: Re-use part of integral design requirement 
 Time pressure  Re-use business driver (re-use business case) 
 Time to market Re-use as a personal priority 

 No resources 
Re-use as a priority provided from 

management 
  Design for re-use awards & recognition 
  Corporate policy on re-use 

  Thread re-use as a similarly high priority as 

safety 
   

4 Lack of people's knowledge: Product design library 

 Lack of history design knowledge 
Visibility of design development across 

platforms 

 Lack of re-use knowledge 
Sharing re-use best practices and worst 

practices 
 Missing re-use mindset Design for re-use training  

 Knowledge is missing to create 

compatible designs 

Create awareness to minimize re-invention 

waste 

 Not aware 

Communicate re-use initiatives from higher 

management, intranet, event, urban 

marketing, communication towards 

suppliers. 
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