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ABSTRACT 
 
It is well known that the implementation of Product-Service Systems (PSS) is sometimes 
hindered by a number of organisational, cultural, and regulatory barriers. The hypothesis of 
this PhD research is that the application of Distributed Manufacturing (DM) can help 
companies and designers to overcome some of the barriers and improve the PSS 
development. The overall aim of this research is to investigate the potential applications of 
DM to improve PSS. In addition, it aims at developing design support for companies, design 
practitioners, and students for designing PSS solutions through the application of DM. 
 
The research started with the collection of theoretical knowledge, including existing PSS 
implementation barriers and promising DM opportunities. Later, a set of DM applied to PSS 
near-future scenarios were developed using the theory building approach by matching all 
PSS implementation barriers with DM opportunities. These scenarios as the main theoretical 
contribution of this thesis aimed at illustrating the potential of DM to improve PSS and 
encourage strategic conversation about DM and PSS combination. 
 
Later, these scenarios were integrated into the DM applied to PSS design toolkit consisting 
of 40 near-future scenario cards, three diagrams to organise these cards and one diagram to 
place ideas generated by users. The toolkit has been tested with experts, companies, design 
practitioners, and students in the UK, China, and Brazil. Each testing activity was organised 
to evaluate toolkit’s completeness, effectiveness, and usability and helped to define 
recommendations for improvements. 
 
The research is summarised with insights from the toolkit’s testing activities, including a 
design process suggested for various user groups, compatibility with other tools and 
methods, and future research opportunities. 

 

Keywords: Product-Service Systems; Product-Service Systems implementation barriers; 
Distributed Manufacturing; future scenarios; card-based toolkit 
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Additive Manufacturing (AM) technologies (3D printing) 

a digital fabrication technique involving the progressive deposition of material onto a 
substrate, layer by layer. AM technologies enable the creation of high-complexity, 
personalised, geometry-driven, lightweight, net-shape and freeform durable goods and 
components 

 

Augmented Reality (AR) 
computer-generated perceptual information such as graphics, sounds, and touch 
feedback added into the real-world environment to create an enhanced user experience 

 
Big data 

a large volume of structured, semi-structured and unstructured data that has the 
potential to be mined and analysed computationally to reveal patterns, trends, and 
associations, especially related to human behaviour and interactions 

 
Circular economy 

a regenerative economic system alternative to the traditional linear economy, where 
products and services are traded in closed loops. The circular economy aims at creating 
a system that allows for the long life, optimal reuse, refurbishment, remanufacturing and 
recycling of products and materials 

 
Cloud manufacturing 

a manufacturing paradigm offering computing resources as services in a pay-as-you-go 
model. Manufacturing companies are able to package their resources and know-how in 
the Cloud, making them available for others. Manufacturing software tools, applications, 
fabrication capabilities, and equipment are then accessible to consumers worldwide 

 
Computer Numerical Control (CNC) machines 

manufacturing tools in which pre-programmed computer software dictates the 
movement allowing to create three-dimensional cutting tasks in a single set of prompts 

 
 
 



XI 
 

Customer-orientation 
the action of orienting product manufacturing and service provision involving customers 
and/or offering personalised, customised or bespoke solutions 

 
Cyber-physical Systems 

a combination of computers and physical systems that forms the intersection of the 
physical and cyber worlds. It combines engineering models and methods with the 
models and methods of computer science 

 
Digital technologies 

digital resources used to effectively find, analyse, create and communicate information 
in a digital context. Includes the use of web tools, digital media tools, programming 
tools, and software applications 

 
Digitisation 

conversion of any analogue information to digital form with suitable electronic devices 
so the information can be processed, stored and transmitted through digital circuits, 
equipment, and networks 

 
Distributed Manufacturing (DM) 

a production system made of small-scale manufacturing units equipped with physical 
and digital technologies, which enable the localisation of manufacturing facilities and 
comprehensive communication between all supply chain actors in order to facilitate the 
customer-oriented production 

 
Do-It-Yourself (DIY) production 

method of building, modifying, or repairing things without the direct aid of experts or 
professionals. It is driven a general willingness to diverge from standardised mass 
production and, instead, support distributed, informal, local and individual-scale 
production 

 
Industrial Revolution  

a transition to new manufacturing processes that took place in 18th century and resulted 
in fewer things being made by hand, instead using machines in larger-scale factories 
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Industry 4.0 
the fourth industrial revolution, connecting people, objects and systems to dynamic, self-
organised, cross-organisational, real-time value networks, which can be optimised 
according to a range of criteria such as costs, availability, and consumption of 
resources. Industry 4.0 is enabled by the implementation and use of the Internet of 
Things (IoT) 

 
Information and Communication Technologies (ICT) 

all devices, such as networking components, applications, and systems that together 
allow people and organisations to interact in the digital world 

 
Internet of Things (IoT) 

sensors and actuators connected by a network to computing systems. They can monitor 
or manage the state and actions of connected objects and machines 

 
Life Cycle 

a series of sequential stages through which a product or a service pass. This includes 
design, material production and manufacturing, distribution, use, and end-of-life  

 
Maker 

the central character of DIY production who builds his/her own products and shares the 
corresponding designs, assembly manuals and best practices publicly on digital 
platforms 

 
Makerspace (Fab Lab) 

open access shared design and fabrication workshop where people can access a range 
of equipment for personal making. Makerspaces are usually independent, but those 
connected into a large self-organised international network are called Fab Labs 

 
Mass customisation 

a marketing and manufacturing technique which combines the flexibility and 
personalisation of custom-made products with the low unit costs associated 
with mass production 
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Open-source 
a paradigm referring to something that is publicly accessible, so people can access, 
modify and share it  

 
Personal fabrication 

the action of individual people making their own products, enabled by access to 
fabrication capabilities in makerspaces 

 
Personalisation 

an action of designing or producing something to meet someone's individual 
requirements 

 
Physical technologies 

any tools and machines used to solve real-world problems. Physical technologies 
include sensors and instruments, devices, materials and nanomaterials used in the 
development of products 

 
Plug-and-Play 

a specification of a device to discover a hardware component in a system and interact 
with it without the need for reconfiguration or user intervention 

 
Prosumption 

production by a consumer, consumer’s involvement in the design and manufacturing of 
products.  

 
Product-Service Systems (PSS) 

a specific type of value proposition that a business (network) offers to (or co-produces 
with) its clients. PSS consists of a mix of tangible products and intangible services 
designed and combined so that they jointly are capable of fulfilling final customer needs 

 
PSS producer/provider 

an individual, organisation, group of individuals, or group of organisations making 
products included in PSS offerings and/or delivering those products supporting services 
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PSS product 
a tangible artefact produced specifically for a Product-Service Systems offering and 
supported with services 

 
Scenario 

a narrative of alternative environments in which today's decisions may be played out. A 
scenario includes context and settings in which activities and events happen over time, 
with human actors aiming to achieve specific goals and objectives 

 
Sensors and actuators 

devices used in embedded systems. A sensor detects or measures a physical property 
and records, indicates, or otherwise responds to it while an actuator receives input from 
a sensor and generates a change in the physical system through producing force, heat, 
motion, etc. 

 
4D printing 

3D printing + time, where the shape, property or functionality of a 3D printed structure 
can change as a function of time 
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This chapter introduces the topic of this research, summarises research aims and 
objectives, and discusses the role of the research within the EU-funded project LeNSin. 
Finally, the chapter is concluded with the outline of the thesis.  

 
 
1.1 Research background 
 
Nowadays nations worldwide are confronted with social, economic and environmental 
challenges, e.g. an aggravation of illiteracy and poverty, climate change, and ill health-
causing pollution (UN, 1992). Latter and other sustainability problems are caused by three 
interrelated factors: overpopulation, escalating use of natural resource, and increasing 
consumption (Meadows et al., 1979). In other words, the aim to ensure adequate living 
standards of the rapidly growing global population intensifies pressure on the environment. 
Response to the global environmental challenges has developed a variety of approaches to 
encourage more sustainable production and consumption patterns (Vezzoli et al., 2015). 
Decades of sustainability-oriented practices have focused on product design innovation level 
(e.g. green design, eco-design, cradle-to-cradle design, etc.) (Ceschin and Gaziulusoy, 
2016). In other words, early attempts to achieve sustainability have been made through the 
application of environmental criteria to improve product Life Cycle Design (Vezzoli et al., 
2015). However, improving only product design can partially address environmental 
challenges, because the product can still be used in a way to escalate environmental load 
(Mont, 2004a). In essence, improving product design cannot reduce rapidly increasing 
consumption levels (Vezzoli et al., 2015). The radical transformational change needed to 
address global environmental issues requires cultural, social, institutional, and organisational 
interventions along with the technological change (Loorbach, 2010; Ceschin and Gaziulusoy, 
2016). As a result, there is a need to redesign not only products but also services to be able 
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to influence people consumption habits from ‘make-buy-dispose’ economy toward the 
recovery economy (Cherry and Pidgeon, 2018). 
 
A promising way to tackle these challenges is through the implementation of Product-
Service Systems, defined as “a mix of tangible products and intangible services designed 
and combined so that they are jointly capable of fulfilling final customer needs” (Tukker and 
Tischner, 2006). In PSS the business focus is a shift from selling products to providing 
access to products or a final result to satisfy the customer (e.g. from selling a washing 
machine to offering access to laundrette facilities to providing clothes cleaning service). As a 
result, PSS enable a consumption based on access and sharing rather than owning, 
because in most PSS cases product ownership stays with the PSS producer/service 
provider. This type of ownership encourages intensified use and lifetime extension of 
products included in PSS offerings. In fact, PSS are promising business models to enable 
the circular economy, because of economic interest of PSS producers/providers to repair, 
reuse, refurbish or remanufacture products that belong to them (Linder and Williander, 2017; 
Cherry and Pidgeon, 2018; Hobson et al., 2018; Sousa-Zomer et al., 2018). 
 
Sustainability awareness is not the only reason why companies consider PSS 
implementation (Mont 2002b). In fact, most of the drivers for PSS adoption are linked to 
marketing, the dimension of strategic analysis, and customer and supplier engagement 
(Annarelli et al., 2016). The ever-changing global business environment nowadays requires 
companies to adopt differentiation strategies in order to stay competitive and attract 
customers (Mont, 20010; Baines et al., 2007). Integration of a mix of products and services 
enables companies to distinguish their business offers from those of their competitors 
(Vasantha et al., 2012). A properly designed PSS has the potential for companies to reduce 
production costs (because of reduction of the overall amount of produced goods) and build a 
strong relationship with their customers to ensure continuous profit (Cooper & Evans, 2000; 
Mont, 2002a). The competitive and economic interest of companies to adopt PSS strategies 
shows the potential to result in positive environmental and social impacts of PSS. 
 
However, PSS implementation is not a straightforward process (Ceschin, 2013). It requires 
companies to adopt different competencies compared to those needed to implement 
traditional product-based business offerings. Provision of a mix of products and services 
requires companies to redesign their business processes and value chains thus creating a 
number of obstacles to overcome (Besch, 2005). Not only internal organisational mind-set 
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face PSS implementation challenges, but also customer culture and a lack of supportive 
governmental regulations hinder successful PSS development and acceptance. These 
challenges affect in particular business-to-customers market compared to business-to-
business PSS which implementation face fewer obstacles (Ceschin, 2013; 2014; Vezzoli et 
al., 2015). 
 
Since the first PSS appearance in the early ‘90s, researchers have been seeking ways to 
facilitate PSS development. First, this was done by defining and categorising PSS types and 
requirements for PSS development (Tukker, 2004) and, later, by analysing influences that 
potentially support PSS, such as international and national policies (Hannon et al., 2015; 
Rizos et al., 2016), knowledge about consumer behaviour (Gullstrand Edbring et al., 2016) 
or involvement of multiple stakeholders (Sousa-Zoumer, 2018). Since 2009 researchers 
started focusing on improving PSS development through mass customisation (Suominen et 
al., 2009; Mourtzis et al., 2018), digitisation and cloud manufacturing (Lerch and Gotsch, 
2015; Charo and Schaefer, 2018), Additive Manufacturing (AM) (Despeisse and Ford, 2015), 
and direct consumer engagement (Sinclair et al., 2018). In other words, a stream of 
researchers started looking at improving PSS development through the features of 
Distributed Manufacturing (DM). 
 
DM (also called Re-Distributed Manufacturing (RDM)) is a shift from conventional mass 
production to small-scale manufacturing carried out at the point of need (Kohtala, 2015). It 
echoes the manufacturing model which existed before the arrival of the industrial revolution. 
However, nowadays, with access to the Internet and advanced manufacturing technologies, 
small local manufacturers can be connected to resilient production networks. These 
networks are able to share workloads, respond rapidly to market changes, use locally-
sourced materials and address requirements of specific customers (Petrulaityte et al., 2017). 
Applications of DM features to improve PSS investigated by other scholars show the 
potential of DM to support PSS development. However, previously mentioned studies are 
fragmented in terms of their focus on only individual enablers of DM (e.g. AM technologies) 
and the aim to address limited aspects of PSS (e.g. production of spare parts). The first and 
only literature source including both DM (RDM) and PSS terms was published in 2017 and 
applied the case study approach to investigate the potential of DM to support PSS (Moreno 
et al., 2017). Even though the study by Moreno et al. aims at demonstrating how DM can be 
applied throughout the complete PSS life cycle, it does not address PSS implementation 
challenges. On the contrary, this PhD research focuses on improving PSS through DM by 
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tackling specific existing PSS implementation barriers. 
 
 

1.2 Research aim and objectives 
 
This research aims to investigate the potential applications of Distributed Manufacturing to 
improve Product-Service Systems development. In addition, it aims at developing design 
support for companies and design practitioners for designing DM applied to PSS solutions. 
The following objectives were defined to be fulfilled for reaching the set aim: 
 

a) To collect existing PSS implementation barriers and DM opportunities and to identify 
the existing contribution to apply DM to PSS. 

b) To validate the literature review findings regarding DM and collect the most recent 
knowledge and near-future trends of DM. 

c) To describe how DM opportunities can address PSS implementation barriers in near-
future scenarios. 

d) To develop the design toolkit based on DM applied to PSS near-future scenarios. 
e) To evaluate and improve the developed design toolkit through the iteration of activities 

with different target users. 
f) To conclude and discuss the contribution of this research and the development of the 

design toolkit. 
 
 

1.3 The role in the LeNSin project 
 
This PhD research has been carried out as a part of the EU-funded (ERASMUS+) research 
project LeNSin (International Learning Network on Sustainability (www.lens-
international.org, October 2015 – June 2019). In addition to the financial sponsorship, the 
LeNSin project provided this research with support in terms of networking with academics 
and industry professionals, research activities, participant engagement, and dissemination of 
outcomes. The author benefited from the involvement in seminars and pilot courses 
organised by LeNSin partners and the theoretical knowledge collected throughout the entire 
project period. 
 
The aim of the LeNSin project is to improve knowledge share and accessibility to education 
on Design for Sustainability (DfS) with a special focus on PSS and Distributed Economies 



1. INTRODUCTION | 12 
 

(DE). Within the LeNSin project, DE is described as an umbrella concept, uniting Distributed 
Design (DD), Distributed Renewable Energy (DRE), Distributed Manufacturing (DM), 
Distributed Information (DI), and Distributed Software (DS). The project involves 14 
universities: five from Europe, two from Brazil, one from Mexico, two from South Africa, two 
from China, and two from India. Each involved partner university aimed to improve design 
curriculum through the focus on the most relevant issues in their local contexts and 
enhanced relationship between academia and local industry. This was planned to be 
achieved through the project activities listed below: 
 

- Organisation of international seminars. Five seminars have been organised in non-
European partner institutions, one per each country: Brazil, Mexico, South Africa, 
India, and China. The aim of the seminars was to analyse local knowledge, identify 
needs, and structure the agenda for the implementation of curricular pilot courses. 
Each non-European partner hosted a seminar in which European partners participated 
as presenters. The author attended three international seminars in Brazil, Mexico, and 
India where she presented her initial research findings to the project partners. 

 
- Implementation of curricular pilot courses. International seminars provided a 

supporting knowledge ground for the implementation of curricular pilot courses. Each 
non-European partner organised and implemented two rounds of pilot courses (ten in 
total) in collaboration with European partners. Each pilot course lasted two weeks and 
invited local students to gain knowledge about PSS and DE and practically apply them 
by carrying out a creative design exercise. Similar to the international seminars, 
European partners attended pilot courses as guests and provided lectures and 
teaching support. The author attended two pilot courses in China and Brazil and 
carried out data collection workshops with participating students. 

 
- Establishment of regional LeNSin Labs. The project resources enabled non-

European partner institutions to set up learning spaces for improving DfS education. 
The LeNSin Labs based inside universities were equipped with hardware and software 
to function as creative learning hubs for knowledge share. 

 
- Development of open-access web platform. All the knowledge collected throughout 

the LeNSin project is available in the decentralised platform. It includes teaching 
resources such as courses, lectures, tools, case studies, and students’ projects. The 
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platform can be freely accessed by educators, students and anyone interested in 
gaining knowledge about PSS and DE. The author contributed to the development of 
the platform by providing presentations with PhD research findings. The toolkit 
developed as an outcome of this PhD can also be downloaded from the LeNSin 
platform. 

 
These project activities resulted in the LeNSin network extension with 36 universities 
worldwide being involved in the project by the end of its period. 
 
The LeNSin project enabled data collection with students, companies and design agencies 
in China and Brazil. The alignment between this PhD research and the LeNSin project 
activities enabled the organisation of 7 toolkit’s evaluation workshops with 158 participants 
from various user groups. Research activities carried out within the LeNSin project are 
presented in Chapter 3: Research methodology. 
 
 

1.4 Outline of the thesis 
 
This thesis is structured into three research phases: 1] research exploration and 
methodology; 2] development, evaluation, and revision and 3] conclusion. The following text 
presents each of the phases with its corresponding chapters, and Table 1.1 summarises the 
contents of each chapter.  
 

1) Research exploration and methodology: 
Chapter 2. Literature review. 
This chapter provides insights from the review of literature, carried out in three stages: 
a collection of existing barriers that hinder PSS implementation; analysis of DM, its 
benefits, challenges, and future trends; and contributions by other scholars to combine 
PSS and DM. The chapter summarises gaps in existing knowledge and outlines the 
research questions. 

 
Chapter 3. Research methodology. 
This chapter sets out the research design and explains the reasoning behind the 
choice of a particular methodology selected to frame this research. It discusses data 
collection and data analysis methods and summarises the validity and reliability of this 
research. 
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Chapter 4. Primary research. 
This chapter outlines additional research activities carried out to validate the literature 
review findings regarding DM and update them with the most recent knowledge. The 
chapter describes the procedures and findings of semi-structured interviews with DM 
experts and the DM research seminar. The chapter is concluded with a complete list of 
DM opportunities and challenges. 
 

2) Development, evaluation, and revision: 
Chapter 5. Scenario development. 
This chapter presents the main theoretical contribution of this research. It describes 
the first set of near-future scenarios of DM applied to PSS built using theoretical 
knowledge gained from the first research phase. Near-future scenarios aim at 
illustrating DM potential to address specific PSS implementation barriers in 
accordance with each PSS life cycle stage. The purpose of the scenarios is to 
encourage strategic conversation about PSS development and support decision 
making process. 
 
Chapter 6. Development of the design toolkit. 
This chapter describes the development and the iterative process of testing and 
revisions of the DM applied to PSS design toolkit which was developed from the set of 
near-future scenarios and their classification. The chapter outlines toolkit’s testing 
activities carried out to gain feedback about its completeness, effectiveness, and 
usability from manufacturing companies, design agencies, experts and students. In 
total, three rounds of empirical toolkit’s applications are described, followed by 
improvements implemented to each element of the toolkit after each round. The 
chapter is summarised with the final version of the DM applied to PSS design toolkit. 
 

3) Conclusion: 
Chapter 7: Discussion and results 
Insights discussed in this chapter are drawn from the testing activities carried out with 
various user groups. The chapter presents the importance of the toolkit and how its 
development filled the knowledge gap identified at the beginning of this research. The 
chapter describes the proposed and alternative design processes for different user 
groups. It also briefly discusses toolkit’s compatibility with other design tools and 
methods. 
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Chapter 8: Conclusions 
The chapter concludes the thesis by describing how objectives were met to answer the 
research questions defined at the beginning of the research process. It also describes 
both theoretical and practical contributions of this PhD research. The chapter is 
concluded with research limitations and proposed future research opportunities. 
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The literature review for this thesis is carried out around two subjects: Product-Service 
Systems (PSS) and Distributed Manufacturing (DM) (Figure 2.1). The sections in this 
chapter are presented according to the following structure: firstly, Product-Service Systems 
concept is introduced by providing its definition, presenting a PSS classification system, 
implementation drivers, benefits and barriers as well as outlining PSS design methodologies. 
Secondly, Distributed Manufacturing model is defined followed by presenting significant DM 
features and drivers, benefits, future trends and implementation challenges of DM 
application. Finally, existing attempts to apply DM features to PSS development are 
summarised. The chapter concludes with a description of the knowledge gap and the 
research questions. 

 
Figure 2.1: Scope of the literature review 
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2.1 Product-Service Systems 
 
The ever-changing global business environment nowadays requires companies to adopt 

differentiation strategies in order to stay competitive and attract customers. The 

implementation of PSS strategies enables companies to differentiate their offers through the 

integration of products and services (Vasantha et al., 2012). Appropriately designed PSS 

have the potential to provide companies with a competitive advantage, build a strong 

relationship with customers, and, at the same time, improve production processes and 

consumption patterns towards environmental sustainability (Cooper and Evans, 2000; Mont, 

2002a). However, PSS implementation requires companies to redesign their business 

processes and value chains as well as acquire different competencies, thus creating a 

number of barriers for companies to overcome (Besch, 2005). Literature on PSS has been 

searched for using the following keywords: Product-Service Systems, Servitisation, Service 
Transformation, Functional Sales, Performance Economy. Scopus and Google Scholar 
search engines have been used to look for books, peer-reviewed journal papers, conference 
articles, and PhD theses. The following sections clarify the PSS concept and elaborate on its 

potential opportunities and implementation challenges.  
 

2.1.1  PSS definition and classification 
 
Of the numerous PSS definitions listed in Table 2.1, the generic definition by Tukker and 
Tischner (2006) is provided in the introduction and used to describe the PSS concept in this 
thesis. 
 
Table 2.1: Definitions of Product-Service Systems 

Source Product-Service Systems definition 

Goedkoop et al., 
1999 

“A Product Service system (PS system) is a marketable set of products and 
services capable of jointly fulfilling a user’s need.” 

Cooper and 
Evans, 2000 

“The configuration (quantity and quality) of products and services supplied to 
meet the demand for well-being may be described as a product-service mix.” 

Mont, 2001 
“A product-service system is defined as a system of products, services, 
supporting networks and infrastructure that is designed to be: competitive, 
satisfy customer needs and have a lower environmental impact than traditional 
business models.” 

UNEP, 2002 
“A Product-Service System can be defined as the result of an innovation 
strategy, shifting the business focus from designing and selling physical 
products only, to selling a system of products and services which are jointly 
capable of fulfilling specific client demands” 

Mont, 2004 “A product-service system is a system of products, services, networks of actors 
and supporting infrastructure that continuously strives to be competitive, satisfy 
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customer needs and have a lower environmental impact than traditional 
business models.” 

Wong, 2004 
“Product Service-Systems (PSS) may be 
defined as a solution offered for sale that involves both a product and a service 
element, to deliver the required functionality”. 

Tukker and 
Tischner, 2006 

“Product-service systems (PSS) are a specific type of value proposition that a 
business (network) offers to (or co-produces with) its clients. PSS consists of a 
mix of tangible products and intangible services designed and combined so that 
they jointly are capable of fulfilling final customer needs.” 

Baines et al., 
2007 

“A PSS is an integrated product and service offering that delivers value in use. 
A PSS offers the opportunity to decouple economic success from material 
consumption and hence reduce the environmental impact of economic activity.” 

Vezzoli et al., 
2015 

“The design of the system of products and services that are together able to 
fulfil a particular customer demand (deliver a ‘unit of satisfaction’) based on the 
design of innovative interactions of the stakeholders (directly and indirectly 
linked to that ‘satisfaction’ system) where the economic and competitive interest 
of the providers continuously seeks both environmentally and socio-ethically 
beneficial new solutions.” 

 
All of these definitions take into account innovative business models of combining products 
and services in order to satisfy customers’ needs. In other words, PSS is presented as a 
shift from traditional product or service sales to a combination of products and services to 
address specific customer demand (e.g. offering clean clothes instead of selling a washing 
machine). Mont (2004) suggests that PSS offerings consist of the following elements: 
 

- Products – tangible artefacts manufactured to provide the consumer with benefits 
(Manzini, 1996; Baines et al., 2007). 

- Services – intangible offerings that make products available to the customer. Services 
can be categorised into the point of sale services (e.g. assistance, explanations, 
marketing, etc.), use, and end-of-life services (e.g. maintenance, upgrade, take back, 
etc.) (Mont, 2002; Mont, 2004). 

- Networks of actors – all stakeholders involved in PSS provision (Mont, 2004).  
- Infrastructure – a system of collective and private structures needed to deliver and 

support PSS throughout life cycles (e.g. transportation, communication, etc). (Mont, 
2004).  

- Organisation layout – linkages between different organisation bodies established to 
provide PSS (Mont 2004).  

 

PSS classification 
The most common classification system proposed in the past divides PSS into three 
categories (Hockert, 1999, Manzini et al., 2001; UNEP, 2002; Tukker, 2004, Baines et al., 
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2007; Santos et al., 2014; Vezzoli et al., 2014). Tukker (2004) identifies eight types of PSS 
(within the three categories) which are described below and summarised in Figure 2.2. 
 

1) Product-oriented PSS: PSS producer/provider sells the product to the customer and 
also delivers a range of additional services along the product’s life cycle. The 
company’s aim is to add value to the product life cycle by extending its life span and 
facilitating the overall performance. Product-oriented PSS can be subcategorised into 
more specific types: 
- Product-related services, which are provided by PSS producer/provider after product 
sales. This includes maintenance, repair, upgrade, replacement, and collection at the 
product’s end of life. 
- Advices and consultancy to ensure efficient use of the product. PSS 
producer/provider supports the product sold with advices on how to use and maintain 
the product. 
Examples of product-oriented PSS can be found in many cases as most of the 
consumer products come with a warranty that guarantees maintenance and 
replacement service. 
 

2) Use-oriented PSS: PSS producer/provider owns the product or other offering and 
provides access to it in order to meet a particular demand of the customer. This type of 
PSS motivates the company to design reliable, long-lasting products and reduce 
resources consumption during the whole product’s life cycle. Use-oriented PSS can be 
further subcategorised as following: 
- Product lease, when the customer pays a fixed fee for unlimited access to the 
product. 
- Product renting or sharing, when the customer has limited access to the product and 
sequentially shares the product with other users. In this case, the customer pays for 
the amount of time the product is used (pay-per-use). 
- Product pooling, when the customer has limited access to the product and 
simultaneously uses it with other users. Same as in product renting or sharing the 
customer pays per product use.  
In all cases, PSS producer/provider owns the product and is responsible for its 
supporting services. Use-oriented PSS examples include well-known car sharing and 
public transport services. 
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3) Result-oriented PSS: PSS producer/provider delivers a customised set of services in 
order to provide a solution to meet a specific need of the customer. The customer does 
not operate the product and is freed from responsibilities related to the product life 
cycle costs and maintenance and is charged only for the agreed result. This type of 
PSS motivates the company to reduce the use of resources and to find the most 
efficient and economically viable way to meet the needs of the customer. Result-
oriented PSS can be split into three more specific types: 
- Activity management/outsourcing, when a part of PSS provision in outsourced to a 
third-party ensuring performance and quality control. Examples of this type of PSS 
includes catering or cleaning. 
- Pay per service unit, which allows the customer to pay only for the ‘output’ of the 
product instead of buying the product itself (e.g. pay-per-print service). PSS 
producer/provider operates the product and provides product maintenance services 
when necessary. 
- Functional result, which is agreed by the PSS producer/provider and the customer 
(e.g. “specific office environment”, rather than heating or air conditioning). In this case, 
the PSS producer/provider is free to select how the agreed result is achieved. 
 

 
Figure 2.2: PSS classification from Tukker (2004) 

 

2.1.2  PSS drivers 
 
PSS drivers that trigger companies to consider moving towards PSS implementation are 
described in accordance with three categories: 1] Drivers for companies; 2] Drivers for 
customers; and 3] Context-related drivers. 
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2.1.2.1 Drivers for companies 
 

A number of authors (Mont, 2002; Baines et al., 2007; Wallin et al., 2015) agree that certain 
conditions, such as global competition, demand for product differentiation, and 
growing sustainability concerns have caused the emergence of PSS. The need for a new 
market opportunity, better competitive position, and improved ways to fulfil customer 
needs drive companies to search for alternative business models (Ceschin, 2012). Mont 
(2001) highlights that Product-Service Systems can address globalisation challenges of the 
modern world by distinguishing new market players and their offerings. 
 
One of the main drivers for companies linked to the previously identified conditions is 
described by improved competitiveness (Mont, 2001; UNEP, 2002; Tukker and Tischer, 
2006; Baines et al., 2007). Differentiation of PSS solutions from product-based 
offerings enables PSS producer/providers to compete for the customer by building direct 
customer relationship (Mont, 2001; Baines, 2007). Companies that choose to introduce PSS 
business strategies have the potential to increase resilience, customisation and quality-
driven solutions (Mont, 2004; Tukker and Tischner, 2006). Furthermore, PSS offer model 
has the potential to help companies to expand supply chain boundaries (Mont, 2004) and 
build a strong relationship with stakeholders who share same environmental and 
economic interests (Baines et al., 2007; Rapitsenyane, 2014). Another internal driver 
identified by Mont (2004) and confirmed by Ceschin (2012) is the financial savings of 
companies related to improved environmental performance. Finally, PSS offerings are 
more difficult to be copied by competitors compared to traditional product-based solutions 
(UNEP, 2002; Tukker and Tischner, 2006). 
 

2.1.2.2 Drivers for customers 
 

One of the main drivers for customer acceptance is that the customer is freed from 
responsibility related to control and care of the product (Mont, 2002; Ceschin, 2012). 
Important drivers are related to financial savings the customer can benefit from. 
Acceptance of PSS offerings does not require a high initial investment and the customer 
does not have to worry about maintenance costs and expenses related to the product end-
of-life (UNEP, 2002; Mont, 2004; Baines et al., 2007; Catulli, 2012; Vezzoli et al., 2015). The 
latter is particularly relevant to use- and result-oriented PSS offerings.  
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2.1.2.3 Context-related drivers 
 

A number of authors (Mont, 2002; Mont and Lindhqvist 2003; Ceschin and Vezzoli, 2010) 
emphasise that growing environmental concerns and development of strict 
sustainability-related legislations (such as Pollution charges, Extended Product 
Responsibility programmes, and take back legislations) are crucial drivers that push 
companies to move towards service-based business models. Regulations force companies 
to reconsider their environmental performance, minimise consumption, and look for 
alternative ways to favour their customers (Mont, 2002). Moreover, implementation of PSS 
business models can affect the development of future regulations towards more 
sustainable decisions (Mont, 2002; Mont and Lindhqvist 2003; Ceschin and Vezzoli, 2010; 
Ceschin, 2012). Despite legislations, growing societal awareness about environmental 
and socio-ethical issues urge companies to minimise environmental impact through the 
complete product life cycle (Mont, 2004).  
 

2.1.3  PSS benefits 
 
Appropriately designed Product-Service Systems have the potential to bring economic and 
societal benefits for companies and customers and at the same time reduce resource 
consumption and lower environmental impact (UNEP, 2002). Since PSS business models 
show the potential to improve sustainability, their benefits are described in accordance with 
three pillars of sustainability: economic benefits, social benefits, and environmental benefits. 
 

2.1.3.1 Economic benefits 
 
First of all, implementation of PSS business model allows companies to improve their 
strategic positioning (UNEP, 2002) and to differentiate their offerings from ones of 
competitors by making them more customisable according to customer needs (UNEP, 
2002; Mont, 2004; Baines et al., 2007). As a result, PSS can potentially empower companies 
to identify new market opportunities as a substitute for traditional product-based solutions 
(Mont, 2001; UNEP, 2002; Baines et al., 2007). 
 
Secondly, PSS producers/providers are able to add value to and attract customers by 
being more flexible and responsive to market changes (UNEP, 2002; Baines, 2007; 
Vezzoli et al., 2015). Moreover, implementation of PSS business model leads to strong 
long-lasting relationships between the PSS producer/provider and the customer (UNEP, 
2002; Mont, 2004; Ceschin, 2012; Vezzoli et al., 2015). This relationship does not end with 
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the sale of the product, but it continues during the complete period of arrangement between 
the PSS producer/provider and the customer (Mont, 2004). 
 
Finally, companies that choose to implement service-based strategy have the potential to 
follow environmental legislations and, in addition to that, improve their supply chain 
and logistics channels (UNEP, 2002; Mont, 2004). 
 

2.1.3.2 Social benefits 
 
PSS implementation also shows the potential to provide benefits for customers and 
communities. Firstly, since the service element can be easily adjusted to specific customer 
requirements it provides flexibility to PSS companies to react better to changes in 
demand, and at the same time improve customer satisfaction (Mont, 2001; Cook et al., 
2006; Ceschin, 2012). Customers can benefit from potentially being involved in the 
development of personalised offerings designed to meet their specific needs (Mont, 2001; 
Cook et al. 2006; Baines et al., 2007). 
 
Secondly, one of the economic benefits for customers is linked to easy access to products 
that are only used for a short period of time and normally require a high initial investment 
(Mont, 2004; Catulli, 2012). In this case, customers are freed from the responsibility of 
maintenance, disposal and extra costs related to the use stage of products (UNEP, 2002). 
Access to shared products provides customers with the opportunity to test and try a broad 
range of goods, which otherwise would be available only after purchasing (Cooper and 
Evans, 2000; Mont, 2001). This means that PSS may have the potential to benefit 
customers based in less economically developed contexts (UNEP, 2002). In addition, 
labour-intensive and specific context-oriented PSS offerings have the potential to increase 
local employment at the same time supporting local economies (UNEP, 2002). 
 

2.1.3.3 Environmental benefits 
 
Environmental benefits come along with economic and competitive interest of PSS 
companies which aim to reduce material and resources consumption (Ceschin, 2012). First, 
improved support of the product during its life cycle and more effective performance 
during the use phase are significant environmental benefits (Cooper and Evans, 2000).  
When the ownership and responsibility of the product belong to PSS producers/providers, 
they have an economic interest in optimising the amount of resources used and extend 
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product’s life span in order to extract all the potential financial benefits the product can 
bring (UNEP, 2002). Vezzoli (2007) defines this combination of environmental concern and 
economic interest by the term eco-efficiency. At the end of product’s life, PSS 
producers/providers aim to recycle, reuse or remanufacture the product to avoid disposal or 
manufacturing of the new product, what causes less waste to end up in landfill (Mont, 2001; 
UNEP, 2002; Catulli, 2012). 
 
Secondly, according to Mont (2001), access to shared objects may reduce the overall 
number of manufactured products, at the same time intensifying the use of existing 
products (Vezzoli, 2007). Moreover, rented or shared goods encourage PSS 
producers/providers to offer well-designed products that are long-lasting and affordable to 
maintain (Mont, 2001; Cooper and Evans, 2000). Bartolomeo et al. (2003) describe that pay-
per-use schemes and access-based consumption show the potential to change customer 
behaviour by providing alternative solutions to traditional consumption. Finally, PSS 
implementation encourages PSS producers/providers to educate their customers who are 
required to adopt efficient and environmentally-aware ways of using products included in 
PSS offerings (Mont, 2004). 
 
However, not all PSS solutions have the potential to bring sustainability advantages. This 
can be a result of poorly designed, developed or delivered PSS, complicated consumption 
patterns of users or rebound effects of even successfully designed PSS (Vezzoli et al., 
2014). If not properly designed, PSS can increase emission, energy, and other resources 
consumption during various product’s life cycle stages (Vezzoli et al., 2014). The negative 
environmental effect can be brought by those PSS solutions which only focus on economic 
benefits (Reim et al., 2015). Finally, the consumption of environmental resources can be 
boosted by the careless attitude of consumers accessing shared products (Ceschin, 2012). 

 

2.1.4  PSS implementation barriers 
 

The previous sections introduced Product-Service Systems as a promising business model 
for improved environmental, economic and societal prosperity. However, despite all the 
drivers and benefits, PSS implementation is challenging because of the number of barriers 
related to companies’ structure and stakeholders, consumers’ behaviour as well as 
legislations and policies (Ceschin and Vezzoli, 2010). As it was introduced in the first 
chapter of this thesis this research aims at analysing and describing how Distributed 
Manufacturing can help to create and implement better PSS solutions. For this reason, 
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identification of existing PSS implementation barriers is essential for comprehensive 
understanding where improvements can be made. The additional literature review, applying 
keywords Product-Service Systems, Servitisation, Service Transformation, Functional Sales, 
Performance Economy along with Barrier, Limitation, Obstacle was carried out to search for 
books, peer-reviewed journal papers, conference articles, and PhD theses. The documents 
have been searched using Scopus and Google Scholar search engines. 42 sources 
describing PSS implementation barriers have been selected to collect barriers for this 
research. 
 
Based on the categorisation from Ceschin and Vezzoli (2010) all collected barriers are 
grouped according to three categories: 1] PSS barriers for companies; 2] PSS barriers for 
customers and 3] Context-related PSS barriers and discussed in the following paragraphs. 
The section concludes with the table summarising all collected PSS implementation barriers 
with brief examples from literature illustrating each barrier.   
 

2.1.4.1 Barriers for companies 
 
In order to reduce the complexity, the PSS barriers for companies have been classified 
according to eight categories: Organisational mind-set for the transition to PSS; Knowledge 
and expertise; Financial restraints; Organisational fragmentation between products and 
services; Collaboration with business partners; Relationship with customers; Maintenance 
services; and Environmental concerns. 
 

Organisational mind-set for the transition to PSS 
A set of PSS implementation barriers are related to organisational changes that are required 
to be adopted by the company in order to develop competencies and responsibilities needed 
to shift from traditional product sale model to service-based solutions implementation (Mont, 
2002; UNEP, 2002). 
 
A number of authors agree that adoption of PSS culture within the organization is still one 
of the most crucial barriers for PSS development (Martinez et al., 2010; Wallin et al., 2015; 
Vezzoli et al., 2015). A business transformation towards a servitised model requires 
companies to adopt PSS mindset in order to shift their primary focus from developing 
products to addressing customer needs (UNEP, 2002; Bartolomeo et al., 2003; Martinez 
et al., 2010; Matschewsky et al., 2018). Having a long history of selling products makes 
adoption of PSS culture even more challenging (Coreynen et al., 2018). 
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Furthermore, significant managerial changes are required within organisations to make a 
successful shift towards PSS implementation (Besch, 2005). Taking into account service 
aspects requires the company’s personnel to adopt new ways to manage business 
processes (Kuo et al., 2010; Matschewsky et al., 2018). However, Rizos et al. (2016) 
observe that adoption of circular economy type businesses at an early stage facilitates the 
company’s abilities to implement PSS offerings. 
 
The short-term decision-making history is another great barrier that prevents companies 
from the shift to PSS (Bartolomeo et al., 2003). Focusing on a long-lasting relationship with 
partners and customers as well as forecasting the whole life cycle of products require 
companies to make long-term decisions needed for PSS implementation (Bartolomeo et 
al., 2003; Kuo et al., 2010). 
 
Finally, Coreynen et al. (2018) highlight that companies may lack market-entering strategy 
and are unable to capture the value of PSS in a successful business model. This is 
caused by the company’s history, a lack of organisational mind-set, and potential 
disagreement between business departments. (Coreynen et al., 2018).  
 

Knowledge and expertise 
PSS adoption requires companies to have a wide range of expertise in methods and tools, 
needed to develop, deliver, and manage competent PSS offerings (UNEP, 2002; Mont, 
2002b; Matschewsky et al., 2018). A number of PSS obstacles are related to a lack of 
knowledge and know-how of designing and delivering a competent PSS since required skills 
and capabilities are remarkably different from those needed for product-based solution 
development (Vezzoli et al., 2015). 
 
Companies that have an interest in developing PSS often lack knowledge and expertise in 
methods and tools needed to develop, evaluate and deliver a PSS with successful 
service management (Bartolomeo et al., 2003; Baines et al., 2007; Sousa-Zomer et al., 
2018). Moreover, assessment of the internal capabilities of companies to implement PSS 
offerings also requires techniques which may be missing (Martinez et al., 2010).  
Another obstacle linked to organisational history is that manufacturing companies may have 
an inclination towards the focus on the product, rather than the combination of products and 
services (Martinez et al., 2010; Matschewsky et al., 2018). Overemphasis on product 
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innovation is related to a lack of knowledge and expertise that result in companies making 
a safer decision to improve only products and technologies (Coreynen et al., 2018). 
Furthermore, technical, service, and sales personnel must have a combination of knowledge 
and expertise in order to unlock the potential value of service provision. (Barquet et al., 
2013; Kuo et al., 2010). A lack of skilful employees with service management and product 
life cycle costing competence is another great barrier faced by companies (UNEP, 2002; 
Mont, 2004; Vezzoli et al., 2015). 
 
Not only services but also products have to be taken into consideration when developing 
PSS offerings: product design for service-based use requires different expertise 
compared to the design of the product for traditional use (Mont, 2002b; UNEP, 2002). 
Product design must estimate its use and end-of-life stages and establish the opportunity for 
facilitated maintenance and remanufacturing (Kuo et al., 2010; Matschewsky et al., 2018). 
 

Financial restraints 
Another set of barriers for companies are caused by financial concerns, that are often the 
reason why companies perceive PSS as a riskier business model then the product-based 
one (Mont, 2002a; Barquet et al., 2013; Vezzoli et al., 2015). 
 
Companies that wish to implement PSS business models are required to invest in the 
production of products and service infrastructure (Besch, 2005). Financial resources of 
Small and Medium-sized Enterprises (SMEs) may be too limited to implement and run 
PSS business models (Besch, 2005, Rizos et al., 2016). Once the investment for PSS 
implementation is placed, it requires much more time to cover the initial investment 
compared to traditional product sale (Besch, 2005). Payments for PSS offerings reaching 
the company at intervals make it uncertain for PSS producers/providers to forecast the time 
needed to regain the invested capital (Barquet et al., 2013). 
 
Finally, PSS price definition can be uncertain and, as a result, companies may lack 
knowledge and practice in pricing PSS offerings (Baines et al., 2007; Barquet et al., 
2013). When shifting to PSS business development companies face troubles to estimate 
cash flows caused by the shift from short-term product sale-based profit to medium- and 
long-term profit from PSS-based solutions (Mont, 2002, Bartolomeo et al., 2003). In PSS 
business model, product sales which used to bring profit are replaced by service and 
maintenance operations which may become a loss (Matschewsky et al., 2018). 
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Organisational fragmentation between products and services 
Multiple literature sources describe PSS companies’ struggles to align product and service 
departments within their organisations. 
 
Matschewsky et al. (2018) observe that companies that wish to shift their business 
processes towards offering PSS may potentially face organisational and structural 
separation between product and service departments. This can be caused by a 
misalignment between product design which is usually set first and service design which, as 
a result, can be limited. 
 
The former barrier is also influenced by the disagreements between organisational 
bodies within companies caused by a lack of communication (Martinez, 2010; Vezzoli 
et al., 2015). A more intense collaboration and information share within the organisation are 
needed to develop and deliver PSS solutions compared to the product-based ones 
(Matschewsky et al., 2018; Wallin et al., 2015). According to Sousa-Zomer et al. (2018), 
another barrier caused by organisation fragmentation is the risk of cannibalisation. This 
can be described as the result caused by adding a service element and extending life of 
products which may reduce sales of the previously developed products (Linder and 
Williander, 2017). 
 
Finally, PSS companies may find it challenging to add services to some products and 
transform their existing business processes towards offering PSS. This is especially 
applicable to products which have a low value at the end of their lives (Mont, 2002b).  
 

Collaboration with business partners 
Strong cooperation among stakeholders and maintained supply chain relationship are 
essential for the successful PSS development (Wallin et al., 2015; Vezzoli et al., 2015). 
Further barriers faced by companies are related to collaboration with a number of partners 
along the value chain. 
 
Each company wishes to be independent when managing its business processes, however, 
PSS implementation requires intensive knowledge share with business partners (Kuo et al., 
2010). Companies often feel afraid of sharing knowledge, expertise and confidential 
information about internal organisational procedures with fellow stakeholders (Cooper 
and Evans, 2000; Mont, 2004). Moreover, a high number of actors involved in PSS provision 
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can cause the conflict of economic interest between those stakeholders that have 
economic intentions in increasing sales of products, and companies that aim to reduce the 
number of products produced and sold (Cooper and Evans, 2000, Vezzoli et al., 2015). 
 
In addition, PSS adoption requires PSS producers/providers to hold a wide range of 
expertise, what can cause over-diversification of companies that aim to control business 
activities by applying only their knowledge and skills without collaborating with other 
companies (Mont, 2000). Companies are concerned that co-dependence of partners may 
weaken the administration of core competencies (Mont, 2002; UNEP, 2002; Sousa-
Zomer et al., 2018). 
 
Finally, PSS being a complex business model often requires long service chains. Actors in 
service chains may not have a complete overview of the processes happening in the 
entire chain (Sousa-Zomer et al., 2018; UNEP, 2002). As a result, actors are not able to 
influence decisions made by other stakeholders (Bartolomeo et al., 2003). 
 

Relationship with customers 
A great number of obstacles faced by companies is related to how customers perceive and 
except service-based solutions. Customer’s behaviour is complicated and highly under-
researched with a strong belief that ownership of the product brings the customer a number 
of functional and status benefits (Mont, 2002; Catulli, 2012), what makes company’s task of 
designing and delivering PSS more challenging. 
 
PSS solutions often fail to adapt in environments where they meant to operate because of a 
lack of sensitivity to local context and culture (Wong, 2004). Customer’s purchasing 
habits are more complex than just reaction to prices because they are influenced by 
emotions, beliefs, social status, and other external drivers (Mont and Plepys, 2008; Vezzoli 
et al., 2015). This barrier illustrates that there is a need to explore the context and build an 
exhaustive understanding of customers’ demands before designing PSS offerings (Wallin et 
al., 2015). 
 
Moreover, ownerless consumption might lead to careless behaviour as people might 
tend to be more reckless when operating shared products compared to the private ones 
(Mont, 2002b; Bardhi and Eckhardt, 2012). This is also influenced by complete insurance 
and other benefits offered by PSS producers/providers (Cherry and Pidgeon, 2018).  
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Service-based offerings sometimes require PSS producer/provider access customer’s 
personal property. This intervention may cause concerns for companies delivering PSS 
that beforehand have to build a strong trust with their customers (Mont, 2002b; Mont and 
Lindhqvist, 2003). 
 
When PSS products reach their end-of-life, companies that aim to get their products back for 
recycling or remanufacturing purposes often face difficulties related to customers not being 
willing to return the products at their end-of-lives (Mont, 2002). Products even after 
reaching their end-of-lives can be valuable for PSS producer/providers as some of their 
parts can be reused (Enckell and Isgran, 2017). 
 
Finally, the environmental concerns involved in service-based solutions can be less 
comfortable and reduce the level of satisfaction of the customer (Mont, 2002). When 
delivering PSS, companies often fail to provide PSS offerings with a higher or equal level 
of performance than traditional product-based solutions (Mont, 2002; Martinez et al., 
2010). For this reason, companies find it challenging to satisfy customer needs and at the 
same time to attain sustainability objectives (Mont, 2002; Enckell and Isgran, 2017). 
 

Maintenance services 
Companies delivering PSS offerings have a responsibility to provide comprehensive 
maintenance services. The following barriers are linked to difficulties faced by companies 
when supporting products included in PSS. 
 
PSS producers/providers are required to ensure efficient maintenance service in order to 
satisfy customer demand (Oliva and Kallenberg, 2003; Enckell and Isgran, 2017). A lack of 
global service infrastructure which causes difficulty in managing components for 
maintenance service may cause challenges for PSS producers/providers to control the 
variety and quantity of spare parts needed to maintain PSS products (Kuo et al., 2010). 
What is more, consumer goods producers often do not take into account costs related to the 
use stage of products particularly when they have no control over customers’ behaviour 
using the products (Mont, 2002). Matschewsky et al. (2018) agree that there is a lack of 
data about PSS life cycle available to be used by PSS producers/providers. Absence of life 
cycle monitoring prevents companies from detecting issues and indicating the need of the 
product maintenance at an early stage (Kuo et al., 2010). 
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Environmental concerns 
Implementation of service-based business model has the potential to bring multiple 
environmental benefits, however environmental concerns may cause a number of barriers 
for PSS producers/providers. 
 
Companies providing PSS offerings may find it challenging to quantify environmental 
savings from PSS offerings and struggle to prove the benefits of service-based strategy to 
business partners (UNEP, 2002, Vezzoli et al., 2015). Another barrier linked to service 
provision is related to the distance PSS producers/providers have to travel in order to supply 
spare parts and provide other maintenance services (Kuo et al., 2010). Implementation of 
PSS offerings may contribute to high environmental impact caused by service provision 
(Mont et al., 2006). Furthermore, PSS companies may suffer from prolonged time-to-
market compared to traditional product-based offerings (Mont, 2002; Kuo et al., 2010). 
This can be caused by sustainability considerations and service element added to the 
product development process (Mont, 2002). 
 
Finally, PSS with sustainability potential requires PSS delivering companies to partner with 
environmentally-aware suppliers in order to achieve sustainable solutions (Rizos et al. 
2016). However, SMEs often feel the absence of “green” suppliers and, instead, become 
a part of a global supply chain with high environmental impact (Rizos et al. 2016). 
 

2.1.4.2 Barriers for customers 
 
The following PSS barriers for customers are introduced according to four categories: Social 
status; Knowledge about PSS; Relationship with PSS producers/providers; and Use of 
products included in PSS. It is important to highlight that barriers for customers are 
predominantly linked to business-to-consumer (B2C) markets since industrial companies in 
the business-to-business (B2B) area face fewer obstacles in accepting PSS offerings 
(Rexfelt and Ornäs, 2009; Vezzoli et al., 2015). 
 

Social status 
According to Mont (2002) and Catulli (2012) customers being used to purchasing and 
owning products may not be willing to accept ownerless consumption for multiple reasons. 
One of the reasons why customers find it difficult to switch to ownerless consumption is the 
belief that product ownership is related to social status and measure of achievement 
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in life (Mont, 2004a; Besch, 2005; Manzini et al. 2010; Catulli, 2012). This cannot be applied 
to all objects; however, it is particularly relevant to the products that have high emotional 
value and are used to demonstrate identity or personality (Gullstrand Edbring et al., 2016; 
Cherry and Pidgeon, 2018). 
 
Another barrier, related to the acceptance of ownerless consumption is the customer’s 
desire to own (Gullstrand Edbring et al., 2016; Cherry and Pidgeon, 2018). Some 
customers may still have a strong belief that high initial investment when purchasing a 
product guarantees better reliability and overall level of satisfaction (Baines, 2007). 
 
Finally, customers may associate social status and product reliability with well-known brand 
names (Catulli et al., 2014). People might tend to relate themselves to certain brands and a 
lack of recognisable brand of PSS offerings can be faced as a barrier to PSS acceptance 
(Hobson et al., 2018).  
 

Knowledge about PSS 
Another set of barriers are related to the customer’s lack of understanding and knowledge 
about the PSS business model, which causes anxiety of not knowing what to expect from 
PSS offerings (Ottosson, 2000; Mont 2002b; Catulli, 2012). 
 
Being used to purchasing and owning products, potential PSS customers may find it difficult 
to imagine how ownerless consumption could work in practice (Gullstrand Edbring et al., 
2016; Hobson et al., 2018). Some PSS offerings may be complex, poorly communicated, 
and complicated for customers to comprehend (Rexfelt and Ornäs, 2009). A lack of 
understanding and knowledge about the overall PSS concept may cause the customer’s 
belief that PSS solutions are less comfortable (Mont 2002b; Catulli, 2012). 
 
When making a product purchase, customers often take into account only initial investment 
to product ownership and do not consider the costs of maintenance, repair, and disposal 
(Vezzoli, 2015). As a result, customers lack knowledge about life cycle costs of products 
included in PSS solutions (Mont and Lindhqvist, 2003; Catulli, 2012). Moreover, this gap in 
consumer knowledge causes the belief that owning a service “package” is more 
expensive than owning a product (Rexfelt and Ornäs, 2009, Gullstrand Edbring et al., 
2016).  
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Relationship with PSS producers/providers 
The following barriers describe sometimes complicated relationships between PSS 
producers/providers and customers also influenced by the previously introduced PSS 
barriers for customers. 
 
Limited examples of existing PSS business models may cause a lack of customer trust in 
PSS producer/provider (Armstrong et al., 2015). When accepting service-based solutions 
customers wish for convenience and reliability that come along with the trust in service 
provider (Cherry and Pidgeon, 2018). Moreover, Rexfelt and Ornäs (2009) observe that PSS 
companies operating in business areas with a negative image, e.g. energy sector, may find it 
more challenging to build customer trust. 
 
PSS producers/providers often offer long-term contracts in order to reduce financial risks 
(Linder and Williander, 2017). However, modern life is uncertain, and people wish to make 
spontaneous and flexible decisions to maintain their freedom (Cherry and Pidgeon, 2018). 
As a result, customers may be concerned about undertaking a long-term relationship 
with PSS producer/provider (Bartolomeo et al., 2003; Hannon et al., 2015). Furthermore, a 
lack of understanding of the overall PSS concept and complex PSS offerings may cause 
miscommunication between customers and PSS producers/providers (Martinez et al., 2010; 
Cherry and Pidgeon, 2018). Misunderstanding between both parties might result in a 
potential mismatch between the characteristics of contracts being offered by PSS 
companies and the needs or desires of their potential customers (Hannon et al., 2015; 
Sakao et al., 2013). 
 
Another important barrier perceived by customers is linked to privacy issues related to 
personal data. PSS service providers sometimes require access to customer’s personal 
information in order to support or maintain PSS products (Mont, 2002; Hobson et al., 2018). 
 

Use of products included in PSS 
The final set of barriers for customers is related to ownerless consumption which can be 
found challenging for customers used to purchasing and owning products. 
 
Access to shared products may raise customers’ concerns regarding independence and 
convenience related to the availability of the product (Cooper and Evans, 2000; Catulli, 
2012). As it was mentioned before contemporary society wishes to make prompt decisions, 
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however sharing products require PSS customers to plan in advance and adapt to other 
users’ routines (Bardhi and Eckhardt, 2012; Gullstrand Edbring et al., 2016). 
 
Another concern by customers linked to shared products is the hygiene issue (Mont, 
2004b; Armstrong et al., 2015). Customers cannot be sure how the shared product has been 
treated by previous users (Gullstrand Edbring et al., 2016). This barrier is particularly 
relevant for some object, e.g. childcare products (Catulli, 2012). 
 
Finally, PSS solutions may free customers from responsibilities related to repair and 
maintenance of the product, however, a number of authors confirm that ownerless 
consumption may also make customers worried and insecure and increase concerns of 
ruining or damaging shared product (Rexfelt and Ornäs, 2009; Catulli, 2012; Gullstrand 
Edbring et al., 2016; Cherry and Pidgeon, 2018).  

 

2.1.4.3 Context-related barriers 
 
The third category, context-related PSS implementation barriers, is classified into economic 
factors and regulatory constraints.  
 

Economic factors 
The following barriers are related to financial constraints unfavourable for the development 
of PSS business models. 
 
Companies that wish to implement PSS business models need to invest in the early stage of 
PSS development, which can be facilitated by sufficient funding (Rizos et al., 2016). 
However, financial institutions may not be willing to support PSS development 
because they lack knowledge about PSS concept and environmental benefits it can bring 
and often see PSS as a risky innovation (Mont and Lindhqvist, 2003; Mont, 2004b; Barquet 
et al., 2013). Taxation, which is usually set for products or for services often fail to be 
applied to product-service combinations (Barquet et al., 2013; Linder and Williander, 2017). 
Governmental agencies rather support the acquisition of new products at the same time 
preventing companies from providing less product-intensive, service-based solutions 
(Barquet et al., 2013). 
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Furthermore, being a labour-intensive business model, PSS face an important barrier related 
to high labour prices, which may prevent customers from choosing PSS offerings that 
can be more expensive than product-based ones (Mont, 2002; Vezzoli et al., 2015). 
The final barrier related to financial constraints is the relatively low cost of resources 
which encourages manufacturing of products using raw materials and keep companies 
from recycling and remanufacturing (Mont, 2002; Enckell and Isgran, 2017). 
 

Regulatory constraints 
It is agreed by the number of authors (Mont and Lindhqvist, 2003; Ceschin and Vezzoli, 
2010; Vezzoli et al., 2015) that governmental interventions are needed to set policy 
measures able to support companies to develop sustainable solutions. However, some 
regulatory constraints still prevent successful PSS implementation and development. 
 
Mont and Lindhqvist (2003) emphasise that some hidden costs so-called ‘externalities’ 
(e.g. car fuel) are not included in product market price and slow down PSS business 
implementation and encourage the development of product-based offerings. Companies find 
it challenging to integrate PSS strategies to their activities in contexts where environmental 
costs are not taken into consideration and fully incorporated (Mont and Lindhqvist, 2003). 
 

Finally, PSS companies face an overall lack of external support and infrastructure for 
product end-of-life stage including collection, recycling and remanufacturing (UNEP, 2002; 
Kuo et al., 2010; Hobson et al., 2018). Limited legislative requirements to recycling (Kuo et 
al., 2010) and complex waste management systems create regulatory barriers to companies 
delivering PSS (Hobson et al., 2018). 
 
Table 2.2: PSS implementation barriers 

Category 
PSS 
implementation 
barrier 

Explanation Other 
sources 

BARRIERS FOR COMPANIES 

Organisational 
mind-set for the 
transition to PSS 

1. Challenges to 
adopting mutual 
mind-set needed to 
embed PSS culture 

"Companies may not have the 
necessary organisational mindset to 
either develop or implement PSS due 
to a history of simply providing 
products or an inherent distrust in the 
potential of PSS." 
(Coreynen et al., 2018) 

UNEP, 2002; 
Bartolomeo et 
al., 2003; 
Martinez et 
al., 2010; 
Wallin et al., 
2015; 
Matschewsky 
et al., 2018 
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2. Resistance to 
change and adopt 
new ways to 
manage business 
processes 

"When implementing PSS, company 
internal personnel must change the 
original consumption habit. The sale 
of a product is changed to the lease 
of a product, which will affect the 
traditional sales concept.” 
(Kuo et al., 2010) 

Besch, 2005; 
Rizos et al., 
2016; 
Matschewsky 
et al., 2018 

3. Resistance to 
make long-term 
decisions 

"It is also necessary for company 
management to establish long-term 
trust and a cooperative relationship 
with the customers. However, this 
increases the operating risk for the 
company." 
(Kuo et al., 2010) 

Bartolomeo et 
al., 2003 

4. Inability to 
capture the value of 
PSS in a successful 
business model 
 

"Companies may lack a go-to-market 
strategy to further capture PSS and 
offer services either in a reactive 
manner or only to a handful of 
customers." 
(Coreynen et al., 2018) 

N/A 

Knowledge and 
expertise 

5. A lack of know-
how, knowledge, 
and expertise in 
methods and tools 
needed to develop, 
evaluate and 
deliver a competent 
PSS 

"There is a lack of tools and 
techniques to use for the purposes of 
assessing the internal capabilities of 
organisations to design and deliver 
product-service offerings." 
(Martinez et al., 2010) 

Bartolomeo et 
al., 2003; 
Baines et al., 
2007; Sousa-
Zomer et al., 
2018 

6. Overemphasis 
on product 
innovation 

"Companies may lack sufficient 
knowledge or experience to develop 
fully integrated PSS and choose to 
focus only on improving products and 
technologies." 
(Coreynen et al., 2018) 

Martinez et 
al., 2010; 
Matschewsky 
et al., 2018 

7. A lack of skilled 
personnel in 
service 
development 

"The company also pointed out	
concerns regarding the definition of a 
new service development process 
and the training of employees for 
new services or improvement of the 
existing ones.” 
(Barquet et al., 2013) 

UNEP, 2002; 
Mont, 2004; 
Kuo et al., 
2010 

8. A lack of know-
how of designing a 
product for PSS 
offerings 

"Product design must make it easy to 
determine the possibility of 
remanufacturing. <…> quality data of 
the material used for a product be 
kept to ensure the possibility of 
remanufacturing." 
(Kuo et al., 2010) 

Mont, 2002b; 
UNEP, 2002; 
Matschewsky 
et al., 2018 

Financial restraints 

9. A lack of 
financial resources 
of SMEs to 
implement and run 
PSS business 
models 

"Lack of capital is also a very 
frequently cited barrier (50%) in the 
sample, which in many cases refers 
to lack of initial capital, lack of 
financial opportunities or alternatives 
to private funds and traditional bank 
funding.” 
(Rizos et al., 2016) 

Besch, 2005 
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10. Challenges to 
cover the initial 
investment in PSS 
development 

"The financial aspects also raise 
many doubts, e.g., how long would it 
take to amortize the initial 
investment, since customers would 
no longer purchase the machine, but 
would make periodic payments for 
the right to use it." 
(Barquet et al., 2013) 

Besch, 2005 

11. A lack of 
knowledge and 
practice in pricing 
PSS offerings, 
estimating cash 
flows and financial 
savings 

"If, when transitioning to PSS, the 
offering remains in the possession of 
the provider, service, and 
maintenance, once a source of 
income, now become a cost." 
(Matschewsky et al., 2018) 

Mont, 2002b; 
Bartolomeo et 
al., 2003; 
Baines et al., 
2007; Barquet 
et al., 2013 

Organisational 
fragmentation 
between product 
and service 
departments 

12. A temporal, 
organisational and 
structural 
separation between 
product and service 
designs 

"The temporal and organisational 
separation leads to unwanted lock-in 
effects and sub-optimisation of the 
different parts. The product, which is 
designed first, limits the way the 
service can be designed." 
(Matschewsky et al., 2018) 

N/A 

13. Disagreements 
between 
organisational 
bodies within 
companies 

"The organisational separation also 
means that information is not 
capitalised upon. For example, while 
conducting LCC at Levor, it was clear 
that the vast majority of service-
related cost data and subsequent 
knowledge remained within the 
service management division." 
(Matschewsky et al., 2018) 

Martinez et 
al., 2010; 
Wallin et al., 
2015 

14. Risk of 
cannibalisation  

"Organisations which are building 
services around products can face a 
problem of different cultures and 
incentives in the two areas. Services 
may be seen as harming sales of 
products—as indeed is the case with, 
for example, many energy 
management services which reduce 
demand for electricity or gas." 
(Bartolomeo et al., 2003) 

Linder and 
Williander, 
2017; Sousa-
Zomer et al. 
2018 

15. Challenges of 
adding services to 
some products 

"Interface Inc. highlights that it is 
difficult to provide operational leases 
for some products that have low 
residual value at the end life." 
(Mont, 2002b) 

N/A 

Collaboration with 
business partners 

16. Concerns linked 
to sharing 
knowledge, 
expertise and 
confidential 
information with 
business partners 

"…if a company wants to retain 
control of its core competency, it will 
not share its <...> business secret, 
such as its core advantage, 
production technology, financial 
status, and technical knowledge 
when developing a new product." 
(Kuo et al., 2010) 

Cooper and 
Evans, 2000; 
Mont, 2004 

17. Concerns 
related to conflict of 
economic interest 

"In saturated markets for consumer 
durables, producers are reliant on 
replacement purchases and 

N/A 
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caused by different 
partners 

modifications to existing models to 
induce sales by expanding perceived 
necessities. Manufacturers <…> are 
positioned in an ambiguous state, 
their role of supplying durable 
products to meet consumer needs 
conflicting with that of maintaining 
high levels of demand in order to 
continue production." 
(Cooper and Evans, 2000) 

18. Concerns 
related to 
weakened 
administration of 
core competencies 
caused by co-
dependence of 
partners 

"Companies that are pursuing the 
concept of product-service systems 
will face the necessity to change the 
traditional structure, depending on 
whether they are now manufacturing 
or service providing organisations." 
(Mont, 2000) 

Mont, 2002; 
UNEP, 2002; 
Sousa-Zomer 
et al., 2018 

19. A multiplicity of 
actors in service 
chains, none of 
whom may have an 
overview of the 
entire chain 

"Businesses face barriers in the 
design, development, and delivery of 
PSS, in implementing the changes 
required in corporate culture and 
organisation, to support a more 
systemic innovation and service-
oriented business." 
(UNEP, 2002) 

Bartolomeo et 
al., 2003; 
Sousa-Zomer 
et al., 2018 

Relationship with 
customers 

20. Challenges to 
define customers’ 
service acceptance 
behaviour and 
develop PSS for a 
specific local 
context  

"We found that during the need 
phase, the case company was faced 
with the challenge of understanding 
customer needs and generating 
ideas about potential PSS offers that 
would add value to its customers." 
(Wallin et al., 2015) 

Wong, 2004; 
Mont and 
Plepys, 2008 

21. Ownerless 
consumption which 
may lead to 
careless behaviour 

"I think I would definitely take a lot 
less care of it [Laughter]. Like I 
recently got a new computer or a 
new laptop, it’s fully covered by 
insurance. And I’m just so risky with it 
because I know whatever happens to 
it, they can just get it fixed." 
(Cherry and Pidgeon, 2018) 

Mont, 2002b; 
Bardhi and 
Eckhardt, 
2012 

22. Concerns about 
the requirement for 
PSS 
producer/provider 
enter into 
customer's property 

"Entering customers’ facilities and 
getting access to potentially sensitive 
information <…>. This issue was also 
mentioned in our interviews with 
other companies, as a very delicate 
matter and a strong sense of trust 
has to be built in relations with 
customers." 
(Mont 2002b) 

Mont and 
Lindhqvist, 
2003 

23. Challenges of 
customers not 
being willing to 
return the product 
at the end of 
contract 

"The products are seldom returned to 
us after use, even though there are 
parts of which could be reused." 
(Enckell and Isgran, 2017) 

Mont, 2002 
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24. Difficulties to 
provide PSS 
offerings with a 
higher or equal 
level of 
performance than 
traditional solutions 

"‘Dematerialising’ the economy — 
reducing the material flows in 
production and consumption; 
creating products and services that 
provide consumers with the same 
level of performance, but with an 
inherently lower environmental 
burden." 
(Mont, 2002b) 

Martinez et 
al., 2010; 
Enckell and 
Isgran, 2017 

Maintenance 
services 

25. A lack of global 
service 
infrastructure and 
difficulty in 
managing 
components for 
maintenance 
service 

"In relation to the maintenance 
service for a product, it is difficult to 
control the quantity of replacement 
parts in stock due to different 
degrees of damage to a product. 
Production costs would increase from 
either an excess or a lack of 
components in stock." 
(Kuo et al., 2010) 

Oliva and 
Kallenberg, 
2003; Enckell 
and Isgran, 
2017 

26. A lack of data 
about PSS life 
cycle 

“PSS must be linked with existing 
product sales information, so that 
product recycling status can be 
tracked to reduce the time and 
quantity uncertainties in recovering 
products.” 
(Kuo et al., 2010) 

Mont, 2002; 
Matschewsky 
et al., 2018 

Environmental 
concerns 

27. Difficulties to 
quantify 
environmental 
savings of PSS 
acceptance 

"A further obstacle for business is the 
difficulty of quantifying the savings 
arising from PSS in economic and 
environmental terms, in order to 
market the innovation to stakeholders 
both inside and outside the company, 
or to the company’s strategic 
partners." 
(UNEP, 2002) 

N/A 

28. An 
environmental 
impact caused by 
service provision 

"When the producer is far away from 
consumers, the established PSS 
recycling system would increase 
product transportation mileage. If 
supplying only a few service 
contracts, the transportation cost 
would increase." 
(Kuo et al., 2010) 

Mont et al., 
2006 

29. Prolonged time-
to-market 
compared to 
traditional product-
based offerings 

"Adding environmental 
considerations to the product 
development cycle is often seen as 
lengthening the time to market. This 
is even more so if the entire PSS 
should be designed with criteria of 
environmental efficiency in mind." 
(Mont, 2002a) 

Kuo et al., 
2010 

30. Absence of 
“green” suppliers 

"SMEs report difficulties in 
implementing a green solution since 
they are locked in at the bottom of 
the supply chain or they are part of 
global supply chains sectors with 
correlated high environmental 
impact." (Rizos et al., 2016) 

N/A 
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BARRIERS FOR CUSTOMERS 

Social status 

31. A belief that 
product ownership 
is related to social 
status and measure 
of achievement in 
life 

"I think it works in certain scenarios 
for certain objects. But I think for a lot 
of people in a lot of objects, they 
want to feel like, “I bought this” you 
know, “I paid for this. That’s mine.” [ . 
. .] I think ownership is quite an 
important identity for a lot of people." 
(Cherry and Pidgeon, 2018) 

Mont, 2004a; 
Besch, 2005; 
Manzini et al. 
2010; Catulli, 
2012; 
Gullstrand 
Edbring et al., 
2016 

32. Desire to own: 
belief that high 
initial investment 
when purchasing a 
product guarantees 
high level of 
satisfaction 

"This barrier was evident in the 263 
open comments: “I want to own my 
things and to feel that they are mine” 
and in the interviews: “I don't want 
someone else to own the things that I 
have in my home, they should be 
mine” 
(Gullstrand Edbring et al., 2016) 

Baines, 2007; 
Cherry and 
Pidgeon, 2018 

33. A lack of 
recognisable brand 

"Throughout the interviews, 
participants discussed phones via 
well-known brands, with comments 
like ‘I’m quite a Samsung person" 
(Hobson et al., 2018) 

Catulli et al., 
2014 

Knowledge about 
PSS 

34. A lack of 
knowledge about 
the overall PSS 
concept and belief 
that PSS solutions 
are less 
comfortable 

"Ninety-four respondents had 
difficulty imagining how renting 
furniture could work in practice. 
Survey respondents felt that it was 
unnecessary to rent when they could 
buy furniture and home products.” 
(Gullstrand Edbring et al., 2016) 

Mont 2002b; 
Rexfelt and 
Ornäs, 2009; 
Catulli, 2012; 
Hobson et al., 
2018 

35. A lack of 
information about 
owned product life 
cycle costs and 
belief that service 
“package” is more 
expensive 

“There is no economic sense in it. 
Easy to put yourself in financial 
trouble if you rent a lot. And if things 
go down, you have a debt to the 
renting company.” 
(Gullstrand Edbring et al., 2016) 

Mont and 
Lindhqvist, 
2003; Rexfelt 
and Ornäs, 
2009; Catulli, 
2012 

Relationship with 
PSS 
producers/providers 

36. A lack of trust in 
PSS 
producers/provider 

"The lack of existing industry PSS 
examples seemed to make this 
particular issue especially difficult to 
imagine. Consumers can be skeptical 
about the motives of the company 
and service provider or have limited 
confidence in successful service or 
end results." 
(Armstrong et al., 2015) 

Rexfelt and 
Ornäs, 2009; 
Cherry and 
Pidgeon, 2018 

37. Resistance to 
accepting a long-
term relationship 
with PSS 
producer/provider 

"However, highlighting the 
unpredictable nature of modern life 
and a desire for spontaneity and 
freedom, others found such 
restrictions a source of consternation 
and an unacceptable invasion into 
personal choice and control 
surrounding product use in the 
home." 
(Cherry and Pidgeon, 2018) 

Bartolomeo et 
al., 2003; 
Hannon et al., 
2015; Linder 
and 
Williander, 
2017 
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38. A mismatch 
between the 
characteristics of 
contracts being 
offered by PSS 
companies and the 
needs of their 
potential customers 

"The provider and the customer may 
not reach agreement on a contract.  
In the studied case this became 
reality – the customer once stopped 
discussing the proposed IPSO due to 
a lack of understanding of its benefits 
for them." 
(Sakao et al., 2013) 

Martinez et 
al., 2010; 
Hannon et al., 
2015; Cherry 
and Pidgeon, 
2018 

39. Concerns about 
the requirement for 
PSS 
producer/provider 
to access 
customers’ 
personal data 

"Some participants were concerned 
that—in bringing their phone in to 
have the ‘organs and skeleton’ 
upgraded—they would be exposed to 
potential data breaches" 
(Hobson et al., 2018) 

Mont 2002b 

Use of products 
included in PSS 

40. Concerns linked 
to independence 
and convenience 
related to the 
access of shared 
products 

“It seems impractical. I think it 
requires too much planning to secure 
access to the right equipment when 
you need it” 
(Gullstrand Edbring et al., 2016) 

Cooper and 
Evans, 2000; 
Catulli, 2012; 
Bardhi and 
Eckhardt, 
2012 

41. Concerns 
related to the 
hygiene of used or 
shared products 

"Hygiene was identified as a barrier 
for access-based consumption in 111 
open comments. Respondents fear 
that products are not clean after 
other consumers used them before." 
(Gullstrand Edbring et al., 2016) 

Mont, 2004b; 
Catulli, 2012; 
Armstrong et 
al., 2015 

42. Concerns 
related to ruining or 
damaging shared 
products 

"I don’t like the idea of contracts and 
being tied into something and yeah, 
there being like there’s always 
loopholes, so God forbid if your kid 
draws on the washing machine, do 
they still replace it?” 
(Cherry and Pidgeon, 2018) 

Rexfelt and 
Ornäs, 2009; 
Catulli, 2012; 
Gullstrand 
Edbring et al., 
2016 

CONTEXT-RELATED BARRIERS 

Economic factors 

43. A lack of 
knowledge and 
support from 
financial institutions   

"More than 20% of the SMEs report 
difficulties in attracting the necessary 
funding from traditional banks to 
implement more sustainable 
measures within the company, to 
invest in the development of new 
green goods and services, or to 
finance the purchase of resource-
efficient equipment." 
(Rizos et al., 2016) 

Mont and 
Lindhqvist, 
2003; Mont, 
2004b; 
Barquet et al., 
2013 

44. Taxation 

"In Brazil, there are specific taxes for 
products and services, but the 
legislation is not clear about how to 
tax product-service systems. The 
company struggled to identify the 
taxes it would have to pay and to 
determine whether the new business 
would fit as a product seller or a 
service provider." 
(Barquet et al., 2013) 

Linder and 
Williander, 
2017 
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45. High labour 
prices, which 
prevent customers 
from choosing 
labour-intensive 
PSS offerings 

"High prices on labour are an 
important barrier for many companies 
who provide labour intensive repair 
and maintenance services." 
(Mont, 2002b) 

N/A 

46. Low cost of 
resources, which 
encourage 
manufacturing of 
products using raw 
materials 

"For example, carpet recycling at 
Interface Inc. has not yet been a 
profitable activity, because the raw 
materials for carpet production are 
relatively inexpensive and thus 
carpet recycling is more costly than 
production based on the use of virgin 
materials." 
(Mont, 2002b) 

Enckell and 
Isgran, 2017 

Regulatory 
constraints 

47. Externalities 
(environmental 
impacts) not 
included in the 
market price 

"Externalities are environmental 
impacts that are not normally 
accounted for in market prices, and 
thus company leaders do not usually 
consider them when they make 
decisions about product and system 
design." 
(Mont and Lindhqvist 2003) 

N/A 

48. A lack of 
external 
infrastructure for 
product end-of-life 
stage 

"While necessarily ambitious, targets 
such as those of the EU WEEE 
Directive face numerous challenges 
including regulatory barriers to the 
recycling and refurbishment of used 
phones <…> and highly complex 
waste management regimes" 
(Hobson et al., 2018) 

UNEP, 2002; 
Kuo et al., 
2010 

 
 

2.1.5  PSS design 
 

PSS drivers, benefits, and implementation barriers were introduced in the previous sections. 
It is important to highlight that only properly designed PSS can promote sustainability and 
benefit both PSS producers/providers and customers. This section gives an overview of the 
features required to be considered when designing PSS offerings, and tools and 
methodologies that can support the PSS design process. 
 

2.1.5.1 Features 
 

First, the PSS development process is different from the product development process and 
requires strong collaboration between organisational bodies and involvement of customers 
and suppliers (Wallin et al., 2015). It is essential for every company which aims to introduce 
service-based solutions to their businesses to shift from physical artefact-focused thinking to 
‘system thinking’ and alter their traditional business attitude towards implementing ‘long-term 
strategies and transition design’ (Manzini et al., 2001; Morelli, 2006; McAloone and 
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Andreasen, 2002; Tukker, 2006; Baines, 2007; Vezzoli et al., 2015). This change is needed 
to manage a comprehensive relationship between partners, suppliers, and customers in 
order to maintain the product at every stage of its life cycle (Mont, 2001). A number of 
authors (Mont, 2001; Tukker, 2004) emphasise that customer engagement at the very early 
stage of the design process is crucial for PSS development. Vezzoli et al. (2015) describe 
the possibility to adapt co-design and mass customisation principles in PSS design process.  
A deep understanding of customer’s behaviour, habits, and decision-making process is 
essential for companies aiming to create service-based solutions that better meet needs of 
their customers (Mont, 2004; Vezzoli et al., 2015). 
 
Second, PSS design process is much more complex than the process of single product 
development, and this is the reason why knowledge in marketing, psychology, sociology, 
ecological economics, and environmental management is needed when aiming to design 
PSS with sustainability potential (Vezzoli et al., 2015). Since PSS companies are 
responsible for managing the complete product life cycle, they have to ensure its durability, 
upgradability, and renewal (Yang et al., 2007). When it comes to designing the product, PSS 
producers/providers and manufacturers need to take into consideration product’s end-of-life, 
by choosing materials and components for facilitated re-use, re-manufacturing, and recycling 
of the product (UNEP, 2002). 
 

2.1.5.2 Methodologies 
 
In order to support the integral design of products and services, a number of tools and 
methodologies have been created. Identification of one consistent methodological 
framework that would suit everyone is challenging (Morelli, 2006), however Baines et al. 
(2007) describe common features that most of PSS methodologies contain: “identification of 
customer value, early involvement of the customer in the system design, effective 
communication, information sharing, and continues improvement”. 
 
Marques et al. (2013) propose a PSS design methodology which combines activities 
observed in existing product development methodologies and service strategies: 
Identification of Needs; Customer Requirement Identification/Feasibility Analysis; Concept 
Development; Preliminary and Detailed Design/Modelling; Prototyping/Testing/Realisation 
Plan; Industrialisation/Testing; Validation and Documentation/Testing. Methodology for PSS 
(MEPSS) by Halen et al. (2005) aims at comprehensively support companies developing 
PSS through the analysis of the current business situation, creation of PSS idea, its 
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assessment, and actual implementation. Maussang et al. (2009) give great importance to 
scenarios illustrating customer interaction with services and other activities within PSS and 
propose a PSS methodology based on functioning scenarios that present PSS activities in a 
specific context, visualise alternative solutions, and assess promising future PSS. 
 
In addition, various European Union-funded research projects were focusing on PSS 
methods and tools development: SusHouse (Strategies towards the Sustainable Housing 
(1998-2000)), ProSecCo (Product-Service Co-design (2002-2004)), HiCs (Highly 
Customerized Solutions (2001-2004)), MEPSS (Methodology for Product-Service Systems 
development (2002-2005)), SusProNet (Sustainable Product-Service co-design Network 
(2002-2005)), D4S (Design for Sustainability: A Step-By-Step Approach (2005-2009)), LeNS 
(Learning Network on Sustainability (2007-2010)), LeNSes (Learning Network on 
Sustainable Energy (2013-2016)), and the most recent one LeNSin (Learning Network on 
Sustainability (2016-2019)). A more extensive review of PSS design methodologies can be 
found in Verkuijl et al. (2006) and Vasantha et al. (2011). 

 

However, analysis of PSS implementation barriers shows that a lack of practice using 
methods and tools for PSS adoption is a significant barrier which prevents companies from 
service-based solutions development. It is agreed by the number of authors that existing 
PSS tools and methodologies require further development to prove their effectiveness in 
practice (Baines et al., 2007). 

 
 

2.2 Distributed Manufacturing 
 

First literature on Distributed Manufacturing (DM) appeared in the early ‘90s when Gyires 
and Muthuswamy (1993) presented DM as a result of globalisation of recent decades, when 
companies spread parts and processes of their value chains across various locations. 
However, DM is not a new concept; according to Srai et al. (2016) it somehow echoes local 
artisanal production system that existed before the Industrial Revolution, which nowadays 
can be supported by the application of the Internet and improved communication thanks to 
Information and Communication Technologies (ICT) (Chituc and Restivo, 2009). The 
following sections elaborate on DM definition, summarise features that make manufacturing 
distributed, and present benefits and adoption challenges of DM.  
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2.2.1  DM definition and features 
 

Despite that the Distributed Manufacturing concept has been analysed since the end of the 
last century, there is still no consistent definition of this production model (Kohtala, 2015). In 
order to define DM and its distinctive features literature containing keywords Distributed 
Manufacturing and Distributed Production has been reviewed using Scopus and Google 
Scholar search engines. It is important to highlight that some authors apply ‘Re-Distributed 
Manufacturing’ (RDM) definition when describing DM. Distributed and Re-Distributed 
Manufacturing are used as synonymous and refer to the same manufacturing model in this 
thesis. 
 
The table below presents some definitions of Distributed Manufacturing along with keywords 
that appear in each of the definitions. These keywords are used to identify what makes 
manufacturing distributed and to understand how the concept has developed since the 
introduction in the early ‘90s. 
 
Table 2.3: Some definitions of Distributed Manufacturing 

Source DM definition Keywords 

Gyires and 
Muthuswamy, 
1993 

“Production planning in distributed environments is a 
model described “as a set of loosely coupled, 
autonomous, communicating problem solver nodes 
representing a functional unit such as design, production, 
testing, and accounting, that participate in planning, group 
problem solving and negotiation” 

autonomous, 
communicating, 
problem solver, 
design, 
testing, 
accounting 

Kühnle, 2010 

“Distributed manufacturing is a manufacturing network 
whose functionality and performance is independent of 
the physical distance between the involved units and 
elements. This includes logical and spatial dispersed units 
which cooperate and communicate over processes and 
networks in order to achieve manufacturing functions.” 

network, 
physical distance, 
logical, 
spatial, 
cooperate, 
communicate 

Pearson et al., 
2013 

“Re-Distributed Manufacturing - Technology, systems and 
strategies that change the economics and organisation of 
manufacturing, particularly with regard to location and 
scale.” 

technology, 
systems, 
strategies, 
location, 
scale 

Kohtala, 2015 
“Distributed production - a shift in consumption and 
production patterns away from conventional mass 
production, with its long, linear supply chains, economies 
of scale and centralizing tendencies.” 

a shift, 
consumption, 
production 

Srai et al., 
2016 

“Distributed manufacturing - Small, flexible and scalable 
geographically distributed manufacturing units.” 

small, 
flexible, 
scalable 

Rauch et al, 
2016 

“A flexible and so-called “plug and play” manufacturing 
systems, in which production units can be rapidly 
interchanged, reconfigured and yet be capable of 
determining their own role in production.” 

flexible, 
“plug and play” 
(reconfigured) 
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Moreno and 
Charnley, 
2016 

“Re-distributed manufacturing - the shift from centralized 
to decentralized manufacture with the aim to create a 
more resilient and connected system taking advantage of 
digital intelligence and newly emerging technologies, to 
provide agile, user driven approach that will allow for 
personalisation and customisation of products to local 
markets.” 

a shift, 
decentralised, 
resilient, 
connected, 
emerging 
technologies, 
user driven, 
personalisation, 
local 

Hamalainen et 
al., 2018 

“Distributed production” can be seen as an umbrella term 
that includes not just production shared among firms but 
also various configurations in which one or more of the 
participants is an individual.” 

configurations, 
individuals 

  
Looking at the list of definitions it can be noted that DM has been initially defined as a 
network of autonomous and communicating manufacturing units (Gyires and Muthuswamy, 
1993). Later, Kühnle (2010) contributes to the DM definition by highlighting the importance of 
physical distance between these network units. Pearson et al. (2013) add the manufacturing 
scale as a feature that is liable to change. Kohtala (2015) is the first one to describe DM as a 
contradiction of centralised production, introducing DM as a paradigm shift. Srai et al. (2016) 
and Rauch et al. (2016) highlight flexibility and reconfigurability of DM network units, in some 
way confirming Kohtala’s (2015) definition. Moreno and Charnley (2016) contribute by 
emphasising the role of emerging technologies and DM application to address specific user 
needs. Finally, the latest definition by Hamalainen et al. (2018) describes DM as a 
democratic production model involving individuals independent from manufacturing firms. 
Although the analysis of DM definitions identifies some DM characteristics, a more in-depth 
review of DM features has to be conducted in order to outline DM definition to be used in this 
thesis. 
 

DM features 
Two early DM features, summarised by Gyires and Muthuswamy (1993) are downsizing, 
company’s separation into smaller-size independent units, and outsourcing, purchasing 
services from external partners. These DM features show that distribution of manufacturing 
can be associated with the geographical diffusion of small manufacturing facilities 
potentially located at or close to the point of need and capable to communicate with each 
other. Chituc and Restivo (2009) identify several requirements for manufacturing systems to 
become distributed: heterogeneous hardware and software and comprehensive support of it 
within the manufacturing company and across its supply chain; facilitated communication 
within the company and with partners; instant response to internal and external changes 
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regarding manufacturing environment; and flexibility in terms of structure and scale of 
manufacturing systems. 
 
A number of more recent sources provide a similar approach and, additionally, contribute 
with a strong focus on the customer involvement and importance of make-to-order 
manufacturing model. An important feature of DM observed by Rauch et al. (2015) is a long 
or short-term collaboration between geographically dispersed manufacturing facilities, which 
enable customer-oriented production at the actual place of consumption. The authors 
highlight that the close factory proximity to the end user allows companies to produce 
personalised products according to customer needs. Kohtala (2015) emphasises the 
importance of customer involvement in the manufacturing process, called “prosumption”, 
empowered by technology-enabled communication with manufacturing units and other 
makers. A more recent approach by Richardson (2016) contributes to Kohtala’s (2015) 
observation through the study analysing Maker Movement enabled by the rise of DM. 
 
The technological aspect of manufacturing has been highlighted by Kühnle, (2015) and 
Srai et al. (2016) who report that digitally connected and ICT-enable Distributed 
Manufacturing units benefit from improved networkability, comprehensive collaboration, and 
on-time communication. Physical technologies such as rapid prototyping tools, laser-cutting 
machinery, and CNC equipment contribute as enablers for small-scale production units at 
the close proximity to the point of need (Srai et al., 2016). 
 
Finally, the review carried out by Srai et al. (2016) summarises key features of Distributed 
Manufacturing into five categories: digitalisation, personalisation, localisation, new enabling 
technologies and enhanced user and producer participation. Based on this categorisation 
and contributions from other authors, it can be summarised that DM distinguishes by the 
localisation of manufacturing units, application of physical and digital technologies and 
the enhanced customer-orientation. Based on these features and previously analysed DM 
definitions the following is the definition of DM used in this thesis: 
 
Distributed Manufacturing is a production system made of small-scale manufacturing units 
equipped with physical and digital technologies, which enable the localisation of 
manufacturing facilities and comprehensive communication between all supply chain actors 
in order to facilitate the customer-oriented production. 
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In this definition ‘manufacturing units’ refers to any facilities suitable to make products, 
such as factories, workshops, personal fabrication labs (makerspaces), in-house and in-
store suites, and even mobile manufacturing entities. ’Localisation’ addresses the proximity 
between manufacturing facilities and end customers and/or manufacturing resources. 
‘Physical technology’ refers to hardware, tangible manufacturing equipment needed to 
produce products: 3D printers, laser cutters, Computer Numerical Control (CNC) and other 
machines. ‘Digital manufacturing’ in DM definition is linked to the application of computer 
systems and the use of the Internet and include definitions such as Industry 4.0, Cloud 
Computing, Internet of Things, and all types of ICT used to collect and process data and 
enhance communication between all parties. Finally, ‘Customer-orientation’ refers to the 
level of product or service customisation, e.g. mass customisation, personalisation or 
bespoke production, and the level of customer involvement in design and production 
processes. 
 
The search for following literature regarding DM has been expanded taking into account the 
following keywords: Localisation, Makerspaces, Additive Manufacturing, Cloud Computing, 
Mass Customisation, and Personal Fabrication.  
 

2.2.2  DM drivers 
 

This section summarises the key factors that enable and drive the development of 
Distributed Manufacturing business models. 
 
One of the main drivers for companies to consider DM business model implementation is 
advantages in terms of cost and competitiveness (Kohtala, 2015). Increasing market 
instability and growing competition push manufacturing companies to find alternative 
ways of organising production (Chituc and Restivo, 2009). Changes in logistics and 
labour costs are highlighted by Pearson et al. (2013) as an enabler of DM. According to 
Matt et al. (2015) distribution of manufacturing is needed for companies to remain 
competitive in the market and fulfil the ever-changing global demand. 
 
Other factors that influence the change in manufacturing business models is a growing 
need for customer and market proximity and increasing application of local resources 
(Matt et al., 2015). The requirement for rapid localised production using locally sourced 
materials encourages manufacturing companies to adjust their existing supply chains 
resulting in the adoption of DM (Moreno et al., 2017; Durão et al., 2017). 
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A number of authors describe technological evolution as the main driver that influences 
the emergence of DM. According to Pearson et al. (2013), DM development is driven by the 
merging of digital and physical technologies that together create new manufacturing 
methods. Kühnle (2015) analyses digital technologies and defines that the emergence of DM 
is driven by ICT, including the Internet of Things, Ubiquitous Computing and Smart Objects. 
Moreno and Charnley (2016) confirm that DM development is linked to the rise of the Big 
Data, Cloud Computing, and social networks and also highlight the impact of physical 
manufacturing technology, such as robotics and Additive Manufacturing (AM). Moreover, 
increased applicability and diffusion of AM technologies are also emphasised by Ford and 
Minshall (2015). Srai et al. (2016) agree that distribution of manufacturing is driven by 
technological development in engineering and computing, digitised information, and 
advanced technologies that improve flexibility, effectiveness, capability, and overall 
automation of manufacturing processes. 
 
The development of the personal fabrication movement is a bottom-up driver of DM 
(Kohtala, 2015; Hamalainen et al., 2018). It is a result of the accessibility to affordable 
manufacturing equipment and digital connectivity through the Internet (Gershenfeld, N., 
2008; Hamalainen et al., 2018). According to Basmer et al. (2015) individuals’ involvement in 
manufacturing processes results in the development of novel production facilities, such as 
micro-factories, makerspaces (also called FabLabs) and home-factories. 
 
Moreno and Charnley (2016) identify similarities between the drivers of the circular economy 
and the drivers of DM: resource limitations, technological growth, and socio-economic 
circumstances. Srai et al. (2016) confirm that the emerging scarcity of resources is an 
important reason which drives companies to redesign their supply chains and shift to DM. In 
general, growing sustainability awareness of industries, governmental institutions and 
consumers prompt manufacturing companies to adopt processes that potentially improve 
environmental, social, and economic sustainability (Nagarajan et al., 2018). DM with its short 
delivery distances and flexible supply chains is proposed as an alternative to the 
environmentally exhaustive centralised manufacturing (Stai et al., 2016; Angeles-Martinez et 
al., 2018). 
 

2.2.3  DM benefits 
 

Early literature on DM reports that the main objective of DM is cost reduction regarding 
labour, the production itself, transportation, and overall infrastructure (Gyires and 
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Muthuswamy, 1993). However, the most recent literature suggests a much greater variety of 
advantages. This section describes potential DM benefits related to the three main identified 
DM features: the localisation of manufacturing, the customer-orientation, and the application 
of physical and digital technologies. Clear identification of potential benefits is essential for 
further research steps aiming to analyse what positive changes DM can bring to PSS 
development and implementation. The section concludes with the table summarising 
collected DM benefits.  
 

2.2.3.1 Benefits related to the localisation of manufacturing 
 

Locating manufacturing processes at the close proximity to end customers or manufacturing 
resources can potentially bring multiple benefits for manufacturing companies. 
 
First, geographical dispersion of manufacturing units located close to customers enables 
production companies to improve logistic networks with reduced transportation costs and 
shorter delivery times (Matt et al., 2014; Rauch et al., 2016; Angeles-Martinez et al., 
2018). This is particularly relevant to urban environments where close manufacturing 
proximity to the customer would eliminate the issue of slow delivery (Srai et al., 2016). 
Based on the study by Durão et al. (2017), manufacturing carried out close to the point of 
need can save production companies thousands of kilometres worth of transportation 
expenses and delivery time. 
 
Furthermore, the ability to distribute manufacturing across a number of geographically 
dispersed locations allows to produce goods at the point of consumption, eliminates 
distribution through long distances, and at the same time leads to the reduction of 
emission and environmental impact caused by transportation (Ford and Despeisse, 
2016; Srai et al., 2016). Furthermore, lower transportation impact can also be achieved by 
using locally sourced materials which result in shorter supply chains (Despeisse et al., 
2017). 
 
Being made of small and geographically distributed manufacturing entities DM system is 
flexible to make proficient and prompt changes to production processes and capacity 
(Rauch et al., 2016; Srai, et al., 2016). So-called “plug and play” manufacturing units can be 
reconfigured and interchanged at the same time maintaining individual functions (Rauch et 
al., 2016). Manufacturing facilities can be moved and relocated in order to respond to 
market and/or environmental changes (Rauch et al., 2015). In addition, the 
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implementation of Distributed Manufacturing can help companies to create completely 
unique business models, new services and products, and new value offerings (Pearson et 
al., 2013; Srai et al., 2016). For existing companies, the distribution of manufacturing 
enables them to re-evaluate their global manufacturing network in order to improve 
overall production processes (Rauch et al., 2015). As a result, the manufacturing capability 
to be relocated or multiplied in short lead times enables products and their components to 
be manufactured anywhere in the world using local resources and access to 
technologies (Pearson et al., 2013; Srai et al., 2016). According to Bogers et al. (2016), 
companies can enable their customers to manufacture products and components so 
creating customer-centric localised supply chains. 
 
In general, the adoption of localised manufacturing potentially enables companies to reduce 
the number of intermediaries in the supply chain (Bogers et al., 2016). Nagarajan et al. 
(2018) observe that DM reduces company dependency on location, warehousing activities, 
material distribution and other obstacles related to centralised production and results in 
leaner supply chains. Angeles-Martinez et al. (2018) confirm that compared to centralised 
manufacturing, distributed production benefits companies with reduced transportation 
distances and shorten supply chains. Furthermore, manufacturing and rapid provision of 
spare parts is a challenging activity for many companies (Durão et al., 2017). DM enables 
the development of the network of worldwide manufacturing facilities for maintenance 
and production of spare parts, which potentially improves responsiveness, efficiency, and 
flexibility of companies providing maintenance services (Durão et al., 2017). 
 
Adoption of small-scale local manufacturing also enables local SMEs to set up new 
businesses without large initial investments (Rauch et al., 2016). The low capital cost of 
entry to a distributed network is linked to the ability of small and at the same time flexible 
factories to address the specific needs of customers (Rauch et al., 2016). Lu and Cecil 
(2015) add that being a part of the connected manufacturing network reduces up-front costs, 
costs of maintenance and upgrade of the overall infrastructure. 
 
Local distribution of manufacturing enables not only the use of local resources but also 
offers the potential to support local producers who employ local communities and 
increase the overall employment rate (Pearson et al., 2013). Moreover, community 
members are able to get personally involved in design and manufacturing processes in 
public manufacturing facilities (Kohtala, 2017) or digitally, via the Internet (Srai et al., 2016; 
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Hamalainen et al., 2018). Basmer et al. (2015) describe DM as a collaboration-oriented and 
bottom-up manufacturing system, enabling individuals to get involved in manufacturing in 
order to fulfil their own needs. This democratisation of manufacturing shows the potential to 
influence developing contexts which are provided with the opportunity to produce 
goods on their own demand (Basmer et al., 2015). 
 

2.2.3.2 Benefits related to the customer-orientation 
 

Addressing specific customer needs and actively involving customers in design and 
production processes can potentially bring a number of benefits for manufacturing 
companies. 
 
First, distribution of manufacturing enables companies to create small-scale 
manufacturing of only products required by customers (Pearson et al., 2013; Matt et al., 
2014; Srai et al., 2016; Rauch et al., 2016). On-demand production ensures alignment 
between demand and supply with less pre-consumer waste and immoderate production 
(Kaneko et al., 2018). DM also enables customers themselves design products they wish to 
have (Richardson, 2016). Moreover, small-scale localised production units are more resilient 
in terms of changes in the global economic environment (Rauch et al., 2016). Contrary to the 
centralised large-scale production, being a part of a manufacturing network enables 
companies to rapidly adapt their manufacturing processes to changing customer 
preferences and environmental situation (Lu and Cecil, 2015). As a result, the production 
of only on-demand products prevents companies from warehousing and stocking costs 
related to unsold goods (Rauch et al., 2016). Reduced need for warehousing and 
inventory costs are also linked to the application of Additive Manufacturing technology which 
enables product manufacturing in single part (Zanardini et al., 2016). 
 
According to Srai et al. (2016), depending on the industry DM can be either conventional or 
focused on a specialised segment in the market. Small-scale personalised manufacturing 
enables companies to enter niche markets with specific demands and requirements of 
customers (Rauch et al., 2016). A niche business model can also be developed through the 
adoption of advanced manufacturing technologies discussed in the following section 
(Despeisse et al., 2017). 
 
In order to satisfy their customers and identify their needs, companies enable customer 
involvement in design and production processes (Srai et al., 2016; Despeisse et al., 
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2017), thus encouraging open-source innovations (Rauch et al., 2016). Active customer 
participation can be top-down, i.e. supported by manufacturing companies through cloud 
solutions (Rauch et al., 2016), or bottom-up, i.e. personal fabrication organised by private 
individuals (Hamalainen et al., 2018). Both types of user involvement create win-win 
solutions for companies getting familiar with their customer needs and customers aiming to 
receive goods produced especially for them (Srai et al., 2016). 
 
Bottom-up customer involvement is enabled by the network of open-access workshops, 
which allow customers to get actively engaged in design and production processes 
(Srai et al., 2016). Such workshops, also called makerspaces or FabLabs provide access to 
manufacturing equipment and how-to production guidelines (Kohtala, 2015; Mortara and 
Parison, 2016). Open-access workshops can be connected to form a global network which 
empowers knowledge, equipment, and project share among their users (Kohtala, 2017).  
Customer involvement in design or production of their own goods has the potential to raise a 
new generation of knowledgeable customers, because local production and close 
relationship with the manufacturer provide a better understanding of how products are 
made and how to use them most efficiently (Srai et al., 2016; Bogers et al., 2016). As 
observed by Kaneko et al. (2018), personalised products and services raise customer 
awareness about the environmental impact and encourage changing their behaviour. 
 
Personal fabrication movement introduced in Section 2.2.2 enables the development of 
products and services through the direct customer involvement. DM enables companies to 
shift from the make-to-stock production model and address specific requirements of 
individual customers through cost-effective mass customisation (Suominen et al., 2008, 
Srai et al., 2016; Nagarajan et al., 2018). Furthermore, Distributed Manufacturing facilitates 
companies to create a long-lasting relationship with their customers, caused by the 
geographical proximity and the application of communication technologies (Kohtala, 
2015; Srai et al., 2016). According to Srai et al. (2016), close producer-customer relationship 
can be maintained over the complete product life cycle and, as a result, improve material 
circularity and bring sustainability benefits. 
 
Finally, Kohtala (2015) identifies that the smaller the manufacturing scale the better 
personalisation can be achieved. The author observes that small-scale manufacturing 
enables development not only of personalised products but also of bespoke service. 
This insight shows DM potential to support PSS development. 
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2.2.3.3 Benefits related to the application of technologies 
 
Below are described key benefits brought to manufacturing companies by the adoption of 
digital and physical technologies. 
 
Distributed Manufacturing is highly influenced by digitisation. Kühnle (2015) summarises that 
ICT enables companies to easily adapt and integrate manufacturing process within an 
organisation and across collaborative partners. Facilitated collaboration between 
geographically dispersed stakeholders is crucial for the successful development and 
diffusion of DM (Srai et al., 2016). Basmer et al. (2015) describe DM as a collaboration- 
rather than growth-oriented production practice. Collaboration and connectivity between 
network partners allow digital production files and other information transfer around the 
world in order to produce products in local factories using advanced technologies, such as 
AM, laser-cutting, CNC, and others (Ford and Despeisse, 2016; Srai et al., 2016). These 
technologies share common digital standards and enable the spread of workloads 
across a number of manufacturing units (Srai et al., 2016; Durão et al., 2017). 
 
Another technological implementation that contributes to DM development is the Internet of 
Things, which refers to the network of software and physical products usually integrated into 
sensors and electronic objects (Lu and Cecil, 2015). These sensors interact with physical 
manufacturing equipment and monitor production processes in order to optimise 
manufacturing, assembly, and service (Kühnle, 2015; Lu and Cecil, 2015). Kühnle (2015) 
suggests that such remote monitoring of internal business processes can enable business 
partners to receive real-time information about current manufacturing situation. Furthermore, 
sensor application to the company’s manufacturing resources allows organisations to 
monitor, control and optimise stock and material flows (Wu et al., 2015; Srai et al., 
2016). Wu et al. (2015) highlight that synchronisation of material flows within the company 
can potentially increase productivity and efficiency in the entire supply chain. 
 
Sensor application to consumer products also enables companies to monitor product 
state, quality and material properties (Srai et al., 2016). One of the applications of sensor 
technology described by Ardolino et al. (2018) is monitoring and locating shared products. 
Moreno and Charnley (2016) discuss sensor application to everyday objects in order to 
extract big data and gain customer insights. The authors highlight that customer habit 
monitoring can potentially enable organisations to improve business processes and value 
chain by reducing the use of resources at the same time offering services to address specific 
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customer needs. Information obtained from sensors can be used to advise customers on the 
most efficient and healthy way of using the product (Moreno et al., 2017). 
 
Moreover, the use of the Internet enables visibility on the digital platform and allows 
designers and producers to make their work visible without a large initial investment and 
potentially reduce a new product time-to-market (Srai et al., 2016). The application of AM 
technologies enables product manufacturing in small lot sizes at the same time contributing 
to shortened entry to market time (Durão et al., 2017). Another benefit brought by the 
application of AM technologies is a small-scale production of complex geometry 
products and their components (Ford and Minshall, 2015; Despeisse et al., 2017). 
According to Despeisse et al. (2017), complex objects produced using AM technologies can 
be made in a single step, at the same time potentially reducing supply chains. 
 
A number of benefits are related to Additive Manufacturing potential to increase 
environmental sustainability. First, AM reduces the amount of material used at the point 
of manufacturing due to a more precise production (Freitas et al., 2016; Zanardini et al., 
2016). According to Ford and Despeisse (2016), AM enables the integration of a number of 
parts made of various materials into one single assembly. Second, due to the additive layer-
by-layer process, only the amount of material needed to produce a product is consumed 
(Ford and Despeisse, 2016; Despeisse et al., 2017). As a result, less material waste is 
produced at the point of manufacturing compared to the conventional subtractive 
manufacturing process (Despeisse et al., 2017). Moreover, Ford and Despeisse (2016) 
describe the opportunity to reuse any waste material produced during the AM process. 
Third, AM enables design freedom in product geometry, simplifying and optimising 
product shapes (Despeisse et al., 2017). Almost unlimited geometries can be completed 
with AM without the need for additional tools or equipment (Bogers et al, 2016). Based on 
Zhong and Pearce (2018), simplified product geometry makes the overall production 
process leaner and less complex. Finally, optimised product geometries achieved by the 
additive production process enable the manufacturing of lightweight product 
components (Ford and Despeisse, 2016). As a result, lighter components reduce energy 
consumption during the complete product life cycle (Ford and Despeisse, 2016; Freitas et 
al., 2016). 
 
Moreno and Charnley (2016) discuss that even if the initial goal of DM is not focused on 
addressing sustainability, the distribution of manufacturing units has the potential to 
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decrease the use of resources and shift towards the circular economy. Srai et al. 
(2016) confirm that DM has the potential to enable sustainability by promoting closed-loop 
production and consumption, where monitoring of product performance and collection at 
its end-of-life help companies to recover embedded materials for the long-lasting product 
manufacturing. The shift towards the circular economy is also strongly influenced by the rise 
of Additive Manufacturing technologies, which facilitate recyclability (Zhong and Pearce, 
2018) and circular material flows (Despeisse et al., 2017). It can be summarised that the 
circular economy together with other environmental benefits is linked to the localisation of 
manufacturing units, more customer-oriented production, and the application of emerging 
technologies. 
 
Table 2.4: Distributed Manufacturing benefits 

Category DM benefits Literature sources 

Localisation of 
manufacturing 

1. Reduced transportation costs and 
delivery times 

Matt et al., 2014; Rauch et al., 
2016; Srai et al., 2016; Durão et 
al. 2017; Angeles-Martinez et al., 
2018 

2. Reduced environmental impact of 
transportation 

Ford and Despeisse, 2016; Srai et 
al., 2015; Despeisse et al., 2017 

3. Facilitated movement and relocation of 
manufacturing facilities 

Rauch et al., 2016; Srai, et al., 
2015 

4. Re-evaluation of a global manufacturing 
network design 

Pearson et al., 2013; Rauch et al., 
2015; Srai et al., 2016 

5. Production of products carried out 
anywhere in the world using local 
resources and access to technologies 

Pearson et al., 2013; Srai et al., 
2016; Bogers et al. 2016 

6. Worldwide manufacturing facilities for 
maintenance and production of spare 
parts 

Durão et al., 2017 

7. Reduction of the number of 
intermediaries in the supply chain 

Bogers et al., 2016; Nagarajan et 
al. 2018; Angeles-Martinez et al. 
2018 

8. The low capital cost of entry to 
distributed network 

Lu and Cecil, 2015; Rauch et al., 
2016 

9. Increased employment rate 
Pearson et al., 2013; Srai et al., 
2016; Kohtala, 2017; Hamalainen 
et al., 2018 

10. Opportunity for developing countries to 
produce goods on their own demand Basmer et al., 2015 

Customer-
orientation 

11. Small-scale manufacturing of only 
products required by customers 

Pearson et al., 2013; Matt et al., 
2014; Srai et al., 2015; Rauch et 
al., 2016; Richardson, 2016; 
Kaneko et al., 2018 

12. Resilience to changes in demand Lu and Cecil, 2015; Rauch et al., 
2016 

13. Reduced warehousing costs related to 
unsold products 

Rauch et al., 2016; Zanardini et 
al., 2016 
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14. Facilitated companies’ enter to niche 
markets 

Srai et al., 2016; Rauch et al., 
2016; Despeisse et al., 2017 

15. Customer involvement in the production 
of personalised products 

Srai et al., 2016; Rauch et al., 
2016; Despeisse et al., 2017; 
Hamalainen et al., 2018 

16. Open-access workshops enabling 
customers to get involved in product 
development 

Kohtala, 2015; Mortara and 
Parison, 2016; Srai et al., 2016; 
Kohtala, 2017 

17. Education of consumers providing a 
better understanding of product 
production and use 

Srai et al., 2016; Bogers et al., 
2016; Kaneko et al., 2018 

18. Mass customisation and cost-effective 
bespoke production 

Suominen et al., 2008, Srai et al., 
2016; Nagarajan et al., 2018 

19. Long-lasting companies’ relationship 
with customers Kohtala, 2015; Srai et al., 2016 

20. Personalised services supporting 
personalised products Kohtala, 2015 

Application of 
technologies 

21. ICT- facilitated collaboration between 
geographically dispersed stakeholders 

Kühnle, 2015; Basmer et al. 2015; 
Srai et al., 2016 

22. Spread of workloads across a number 
of manufacturing units sharing the same 
digital standards 

Ford and Despeisse, 2016; Srai et 
al., 2016; Durão et al., 2017 

23. Sensor technology enabling production 
and service Lu and Cecil, 2015; Kühnle, 2015 

24. Sensor technology for improved 
monitoring of stock and material flows Wu et al., 2015; Srai et al., 2016 

25. Sensor technology for improved product 
monitoring 

Srai et al., 2016; Ardolino et al. 
2018 

26. Big data for customer insights Moreno and Charnley 2016; 
Moreno et al., 2017 

27. Potential reduction of the time-to-market Srai et al., 2016; Durão et al., 
2017 

28. Small-scale production of more complex 
products 

Ford and Minshall, 2015; 
Despeisse et al., 2017 

29. Less material used at the point of 
manufacturing 

Freitas et al., 2016; Zanardini et 
al., 2016; Ford and Despeisse 
2016 

30. Less waste at the point of 
manufacturing 

Ford and Despeisse, 2016; 
Despeisse et al., 2017 

31. Optimised product design Bogers et al, 2016; Despeisse et 
al., 2017; Zhong and Pearce; 2018 

32. Manufacturing of lightweight products Ford and Despeisse, 2016; Freitas 
et al., 2016 

33. Optimisation of recycling and closed-
loop circular systems 

Moreno and Charnley, 2016; Srai 
et al., 2016; Despeisse et al., 
2017; Zhong and Pearce, 2018 

 
 
2.2.4  DM future trends 

 
According to Rauch et al. (2015), the demand for decentralised production systems is a 
growing future trend, which indicates that Distributed Manufacturing itself is perceived as an 
emerging production model. For this PhD research it is essential to identify key future trends 
of DM in order to forecast how the future of this manufacturing model can influence the 
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development of PSS solutions. This section summarises DM future trends found in literature 
in accordance to three categories (based on DM features identified in Section 2.2.1): future 
towards the localisation of manufacturing, future towards the customer-orientation, and 
future towards the application of technologies. The table at the end of the section 
summarises all collected DM future trends. 
 

2.2.4.1 Future towards the localisation of manufacturing 
 

The increasing demand for decentralised production systems suggests that manufacturing in 
the future will potentially be brought even closer to the point of need (Rauch et al., 2015). 
Rauch et al. (2015) emphasise localisation of manufacturing as an environmentally-
conscious solution and describe the future of manufacturing through reduced transport and 
emission, shorter delivery times, and localisation of material and human resources. Future 
development of technology will allow the complete localisation of manufacturing through 
only digital production files and raw materials being shipped over long distances (Srai 
et al., 2016). Srai et al. (2016) identify multiple cases in which slow delivery is an important 
obstacle faced by manufacturers and customers. In order to satisfy their customer needs, 
manufacturing companies will implement last mile low-emission delivery to their 
customers (Srai et al., 2016). Wu et al. (2015) suggest that delivery carried out by high-
speed driverless vehicles will save time and cost. 
 
The potential to move towards the circular economy has already been identified as one of 
the promising benefits of DM. Recycling and closed-loop systems will be embedded in 
manufacturing processes to reduce waste of resources (Foresight, 2013). Products will be 
manufactured with a strong focus on their end-of-life phase with integrated reuse, 
remanufacturing, and recycling functions, with manufacturing companies becoming 
‘remanufacturers’ (Foresight, 2013). Moreover, Prendeville et al. (2017) identify that 
activities in makerspaces will be the future enablers of the circular economy. 
 
In the future, locations of manufacturing units may be even more flexible, with 
manufacturing equipment at customers’ home, workplace, or at any other point of 
urgent need (Foresight, 2013). Additionally, the ability to relocate manufacturing equipment 
(e.g. AM machinery) to the point of urgent need will enable real-time manufacturing in 
disaster areas, hospitals or watercraft (Srai et al., 2016; Zanardini et al., 2016). In addition, 
manufacturing will increasingly move to urban locations getting more accessible to the wider 
public (Foresight, 2013). According to Zanetti et al. (2015) manufacturing units based in 
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public spaces (e.g. shopping malls) will enable manufacturing companies to meet their 
customer and better address their needs including higher product quality and reduced costs 
and delivery times. 
 
Finally, sustainability-oriented goals of manufacturing companies will encourage service-
based offerings aiming to increase product longevity and reduce waste (Moreno et al., 
2017). A strong trend towards collaborative consumption with ownership rights of the 
product remaining with the manufacturer, who will increasingly be offering packages of 
services and products (Foresight, 2013) is crucial and shows promising DM application for 
the future of PSS development. 
 

2.2.4.2 Future towards the customer-orientation 
 

Although the benefits brought by increased personalisation and customer involvement in 
manufacturing have been discussed in the previous section, there are some emerging future 
trends related to the democratisation of manufacturing. 
 
Open-access workshops available to everyone will continue encouraging customers to be 
actively involved in the design and production of products they demand (Matt et al., 2015; 
Srai et al., 2016). Richardson (2016) foresees that an increasing number of makers will 
encourage open-source innovations through designing and sharing design files of 
products to be improved by other community members. 
 
In addition, the future development of customised goods is seen as a collaborative process 
between manufacturers and customers (Pearson et al., 2013; Matt et al., 2015). 
Manufacturers will be able to offer free open-source libraries of design files from which 
blueprints can be downloaded, improved, and realised by everyone using AM or other 
production technologies (Richardson, 2016). Bottom-up innovations introduced in Section 
2.2.3.2 can be proposed by knowledgeable customers with digital design skills (Srai et al., 
2016). In the future, the number of customers who are able to apply digital design and 
product development tools will increase (Matt et al., 2015). Customers will be able to 
design products and services themselves and arrange to manufacture them in a local 
manufacturing facility (Matt et al., 2015). 
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2.2.4.3 Future towards the application of technologies 
 
According to Matt et al. (2015), emerging technologies will influence the future development 
of DM. ICT will make manufacturing equipment on the shop floor connected, smart, and 
online (Kühnle, 2015). Because of ICT, equipment will be able to communicate, to be 
identified, positioned and tracked, and even to make decisions (Kühnle, 2015). Production 
will be carried out anywhere in the world with the opportunity to remotely control 
manufacturing equipment (e.g. AM machinery) (Basmer et al., 2015; Durão et al., 2017). 
Moreover, the ability to send production files overseas or even control manufacturing 
equipment from distance will encourage manufacturers to become factoryless goods 
producers (Foresight, 2013). As a result, this new type of manufacturers will be selling 
technological knowledge to outsourced physical manufacturing providers (Foresight, 
2013). 
 
In the future, previously discussed application of IoT will be applied to reduce product 
innovation cycles (Lerch and Gotsch, 2015). Lerch and Gotsch (2015) introduced the term 
digital brain – a product monitoring technology created to provide feedback about 
current product performance and automatically update the design of the product future 
generations. 
 
Another innovation influencing the future of DM is the 4D printing technology enabled by 
smart materials and Additive Manufacturing (Momeni et al., 2017; Pei et al., 2017). 4D 
printed product components are capable to adjust their shape depending on 
environmental conditions (e.g. temperature or humidity); self-disassemble and self-repair 
minimising support services (Momeni et al., 2017; Pei et al., 2017). Another opportunity 
brought by the application of the 4D printing technology is volume reduction of packed 4D 
printed products which can be self-assembled at the point of consumption (Momeni et al., 
2017; Pei et al., 2017). Optimised logistics of such products can potentially bring reduced 
transportation impact. 
 
However, advanced technological development discussed above will also bring some side 
effects. There is a trend towards the decline in labour force which could be reduced by 50% 
within the next 10 years as a result of automation and rationalisation of manufacturing 
processes (Kühnle, 2015). 
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Table 2.5: Distributed Manufacturing future trends 

Category DM future trends Literature sources 

Localisation of 
manufacturing 

1. Long-distance delivery for only 
blueprints and raw materials 

Rauch et al., 2015; Srai et al., 
2016 

2. Circular economy enabled in 
makerspaces 

Foresight, 2013; Prendeville et al., 
2017 

3. Last mile low-emission delivery 
implemented by companies to their 
customers 

Wu et al., 2015; Srai et al., 2016 

4. Manufacturing in real time at the point of 
need 

Foresight, 2013; Srai et al., 2016; 
Zanardini et al., 2016 

5. Manufacturing units on high street Foresight, 2013; Zanetti et al., 
2015 

6. A shift towards service-based business 
models 

Foresight, 2013; Moreno et al., 
2017 

Customer-
orientation 

7. Open-source innovations encouraged by 
customer involvement 

Matt et al., 2015; Srai et al., 2016; 
Richardson, 2016 

8. Free open-source blueprint libraries Pearson et al., 2013; Matt et al., 
2015; Richardson, 2016 

9. Educated customer able to use digital 
design tools Matt et al., 2015; Srai et al., 2016 

Application of 
technologies 

10. Remote control of manufacturing 
equipment 

Kühnle, 2015; Basmer et al., 
2015; Durão et al., 2017 

11. Companies offering technological 
knowledge instead of manufacturing 
service 

Foresight, 2013 

12. Digital brain - improved development of 
future products Lerch and Gotsch, 2015 

13. 4D printed product self-disassembly and 
self-repair 

Momeni et al., 2017; Pei et al., 
2017 

14. Volume reduction of packed 4D printed 
products 

Momeni et al., 2017; Pei et al, 
2017 

 

2.2.5  DM implementation challenges 
 

In previous sections Distributed Manufacturing has been introduced as an innovative and 
promising way to organise production. However, there is a number of DM implementation 
challenges related to the overall infrastructure, including business strategy, human 
resources, regulations, management, technology and materials (Pearson et al., 2013). 
These challenges have to be considered by companies before adopting Distributed 
Manufacturing. DM challenges presented below are categorised according to key DM 
features: the localisation of manufacturing, the customer-orientation, and the application of 
technologies. All collected DM implementation challenges are summarised in the table at the 
end of the section.  
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2.2.5.1 Challenges linked to the localisation of manufacturing 
 

The following challenges are faced by manufacturing companies relocating and reorganising 
their production processes to small-scale manufacturing facilities. 
 
First of all, a crucial challenge is linked to the early stage of DM implementation. The key 
concern by companies is caused by distributing conventional manufacturing and challenges 
related to how customers, partners, and other organisations accept a new way of 
manufacturing (Pearson et al., 2013). Furthermore, a change of organisational mind-set 
is needed to maintain the transition towards DM implementation (Bogers et al., 2016). 
 
A number of authors agree that DM processes are still less efficient compared to the 
centralised mass production (Matt et al., 2015; Zanetti et al., 2015; Despeisse et al., 2017; 
Angeles-Martinez et al., 2018). Being small-scale and localised the Distributed 
Manufacturing capacity is more challenging to scale-up (Despeisse et al., 2017) with 
inventory and production scheduling being a difficult task for DM companies (Angeles-
Martinez et al., 2018). Despite that being a part of a DM network brings a number of benefits 
linked to resilience, there is a potential side effect. Networked DM companies might face 
limited independence caused by other network partners including their processes and 
objectives (Kühnle, 2015). Furthermore, a chance to relocate part of the production closer to 
the point of need may cause some concerns to manufacturing companies. Foresight (2013) 
identifies that localised manufacturing may result in company’s processes fragmentation 
caused by offshoring and outsourcing of manufacturing operations. 
 
Flexible and responsive production in small-scale geographically dispersed manufacturing 
units can also be disadvantageous for manufacturing companies. Pearson et al. (2013) 
identify that managing a large number of various small-scale production sites is more 
challenging for companies compared to regulating a small quantity of large-scale 
centralised production. In addition to this challenge, quality management and delivery of 
goods produced in multiple manufacturing units are challenging and costly for 
manufacturing companies (Srai et al., 2016). Furthermore, managing complex 
manufacturing tasks in a number of distributed production sites is a duty carried out by the 
company’s personnel. As a result, managers of manufacturing companies receive 
greater responsibility and difficulties caused by regulating DM systems (Durão et al., 
2017). 
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The implementation of open-access public manufacturing facilities may also be challenging. 
Firstly, makerspaces might lack financial support from governments to maintain 
conditions for sustainable production (Prendeville et al., 2017). Prendeville et al. (2017) 
observe that policies, regulations and even customer behaviour prevent makerspaces from 
becoming environmentally sustainable manufacturing sites. Secondly, although material 
waste management in makerspaces has been discussed in multiple studies (Kohtala, 
2015; Kohtala, 2017; Prendeville et al., 2017), it is still considered a challenge preventing 
public manufacturing sites from becoming sustainable production hubs (Zanetti et al., 2015).  
 

2.2.5.2 Challenges linked to the customer-orientation 
 

Personalised production by companies and self-production by customers result in a number 
of challenges faced by manufacturing companies as well as customers. 
 
DM provides flexibility for companies to offer a great variety of products and services to their 
customer. After implementing DM, companies may face internal conflicts linked to the 
ability to offer personalised, localised, and inclusive products or becoming niche 
manufacturers of bespoke luxury goods (Srai et al., 2016). Companies that choose to deliver 
customised, personalised or bespoke goods are likely to set higher prices compared to 
mass-produced equivalents (Srai et al., 2016). This may be perceived as a barrier for 
customers choosing products made in a distributed manner. 
 
The potential of makerspaces to increase customer involvement in the design and 
manufacturing of goods for themselves has been already discussed in Section 2.2.3.2. 
However, when establishing open-access workshops, managers should carefully 
consider the location in order to reach the greatest amount of people willing to get involved 
in self-production (Basmer et al., 2015). Another barrier linked to open-access public 
makerspaces is their limited capacity, tools, and equipment (Mortara and Parisot, 2016). In 
general, Do-It-Yourself (DIY) production at home or makerspaces is limited because of 
hardware and manpower involved (Bonvoisin et al., 2017). As a result, not all products 
or their components can be accurately produced by makers (Bonvoisin et al., 2017). 
Finally, customers manufacturing at home or in open-access workshops have complete 
responsibility for the products they produce. However, legal liability may be an issue 
related to the increasing self-production (Bradshaw et al., 2010; Bogers et al., 2016). Finally, 
this can result in concerns regarding intellectual property and the questionable nature of 
the ownership of objects (Srai et al., 2016). 
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2.2.5.3 Challenges linked to the application of technologies 
 

Most of DM challenges are related to the adoption of advanced manufacturing technologies.  
First, existing companies that wish to shift their business processes towards the distributed 
production must take into account challenges related to fitting new technologies (both 
digital and physical ones) into existing company’s production lines (Rauch et al., 
2015). For example, companies find it challenging to adopt Additive Manufacturing 
technologies because material sourcing and product quality control vary from processes 
applied in the conventional centralised manufacturing (Despeisse et al., 2017). 
 
DM implementation also brings financial challenges to manufacturing companies.  
Organisations aiming to establish DM systems face high initial investment costs related 
to the adoption of new technologies, their maintenance, and upgrade (Srai et al., 
2016). Additionally, an even larger initial investment is needed to establish multiple localised 
production facilities (Angeles-Martinez et al., 2018). ICT that connect these localised 
production facilities may also be challenging to control (Kühnle, 2015). Companies belonging 
to the manufacturing network can face challenges related to information exchange, 
communication and control between different production sites (Durão et al., 2017). 
 
Another group of challenges linked to connectivity and data exchange is related to the 
absence of regulations, legislations, taxation, and insurance (Pearson et al., 2013). Srai et 
al. (2016) observe that there is a lack of available official data-sharing agreements 
between digitally connected supply chain actors. According to Moreno et al. (2017), the 
absence of official standards is related to the fact that data capturing and sharing 
technologies are still at their developing stage. As a result, a lack of regulations may 
increase the risk of illegal copying of objects through the access to digital files and 
open-source information (Foresight, 2013). The application of cloud manufacturing and 
outsourcing ICT causes serious challenges of cybernetic security and privacy issues of 
DM companies (Kühnle, 2015; Wu et al., 2015; Rauch et al., 2016). 
 
Another set of DM implementation challenges is related to Additive Manufacturing 
equipment. First, companies that wish to start the AM process must take into consideration 
facilities where the equipment is going to be placed. Freitas et al. (2016) analyse the 
requirements for AM equipment environments and summarise that dry and well-
ventilated spaces have to be specifically designed to ensure an efficient AM process. 
Second, training and management of personnel in charge of advanced manufacturing 
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equipment may bring other challenges to manufacturing companies. Employees involved 
in AM processes are required to have a wide range of technical and design skills, such 
as the use of digital technology and data analysis and visualisation which are not well 
spread (Pearson et al., 2013; Srai et al., 2016). Finally, AM capabilities are still limited 
(Despeisse et al., 2017). Moreno et al. (2017) point out that AM is costly with limited material 
availability and may be challenging to be applied in certain industries. Furthermore, AM is 
not yet suitable for large-scale structures as well as the manufacturing of components with 
embedded electronics (Ford and Despeisse, 2016). 
 
Table 2.6: Distributed Manufacturing implementation challenges 

Category DM implementation challenges Literature sources 

Localisation of 
manufacturing 

1. Organisational mind-set needed to maintain 
operational transition towards DM 
implementation 

Pearson et al., 2013; Bogers et 
al., 2016 

2. Reduced efficiency of manufacturing 
processes 

Matt et al., 2015; Zanetti et al., 
2015; Despeisse et al., 2017; 
Angeles-Martinez et al., 2018 

3. Limited independence of companies caused 
by other network units Kühnle, 2015 

4. Challenges regulating a large number of 
small production sites Pearson et al., 2013 

5. Challenges managing same quality and 
delivery at various manufacturing units Srai et al., 2016 

6. Greater responsibilities received by 
managers Durão et al., 2017 

7. Processes fragmentation caused by 
offshoring and outsourcing of operations Foresight, 2013 

8. A lack of financial support for makerspaces Prendeville et al., 2017 

9. Material waste in makerspaces Kohtala, 2015; Kohtala, 2017; 
Prendeville et al., 2017 

Customer-
orientation 

10. Conflicts within organisations caused by a 
disagreement about personalised offerings Srai et al., 2016 

11. Higher costs of personalised/ bespoke 
products and services Srai et al., 2016 

12. The choice of location of makerspaces Basmer et al., 2015 
13. Limited manpower and capacity of DIY 

production 
Mortara and Parisot, 2016; 
Bonvoisin et al., 2017 

14. Legal liability and responsibility for DIY 
production 

Bradshaw et al., 2010; Srai et 
al., 2016; Bogers et al., 2016 

Application of 
technologies 

15. Fitting new technologies into existing 
companies’ production lines 

Rauch et al., 2015; Despeisse 
et al., 2017 

16. High costs of adoption of new technologies Srai et al., 2016; Angeles-
Martinez et al., 2018 

17. Challenges related to information exchange 
between production sites 

Kühnle, 2015; Durão et al., 
2017 

18. A lack of official data-sharing agreements Pearson et al., 2013; Srai et al., 
2016; Moreno et al., 2017 
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19. Cybernetic security and privacy issues 
Foresight, 2013; Kühnle, 2015, 
Wu et al., 2015; Rauch et al., 
2016 

20. The specific environment required for AM 
equipment Freitas et al., 2016 

21. Challenges related to training of employees Pearson et al., 2013; Srai et al., 
2016 

22. Limited AM capabilities 
Ford and Despeisse, 2016; 
Despeisse et al., 2017; Moreno 
et al., 2017 

 
 

2.3 Distributed Manufacturing applied to Product-Service Systems 
 

With the purpose of defining the knowledge gap and the PhD research questions, existing 
contributions by other authors working in the field of DM applied to PSS have been collected 
and analysed. This section summarises the DM applied to PSS literature review results and 
describes the knowledge gap to be addressed in this PhD along with the research questions. 
 

2.3.1  Existing attempts to apply DM to PSS 
 

This section provides an overview of existing attempts to apply DM features to PSS 
development observed in existing literature. This has been done through the additional 
literature review using the following keywords: Product-Service Systems and Servitisation 
together with Distributed Manufacturing, Localisation, Makerspaces, Additive Manufacturing, 
Cloud Computing, Mass Customisation, and Personal Fabrication. In total, 16 documents 
have been found and analysed. These contributions are described below in accordance with 
three key DM features.  
 

Localisation of manufacturing 
The localisation of manufacturing and service provision to some extent is described by 
several scholars. Reim et al. (2017) introduce opportunities and challenges for globally 
distributed networks to get involved in service provision and support maintenance, leasing 
and rental, care, and other services. Authors highlight the importance of close geographical 
proximity between PSS producers/providers and customers. Durão et al. (2017) discuss DM 
application to deliver maintenance services by localising production of spare parts using the 
remote control of AM equipment. 
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Customer-orientation 
A number of literature sources present DM as a promising model to enable PSS companies 
to deliver more personalised offerings. Suominen et al. (2009) highlight that successful PSS 
must be designed to meet specific requirements of each customer and identify the 
opportunity of mass customisation to enable the development of personalised PSS 
solutions. Kaneko et al. (2018) contribute by suggesting a design methodology in order to 
support designers in creating more personalised products and services throughout the life 
cycle. PSS personalisation is also driven by the emergence of the DIY movement, open-
source product development opportunities, crowdfunding, and consumer-to-consumer (C2C) 
marketplaces that encourage more ordinary people to get involved in the design process 
(Arup, 2015). Likewise, Sinclair et al. (2018) describe two types of customer involvement in 
PSS development: passive (i.e. customers are monitored by sensors and nudged to 
maintain products) and active (i.e. customers are motivated to design, repair and support 
products included in PSS offerings). This liberalisation of manufacturing allows companies to 
identify real customer needs and apply service-oriented offerings to their existing business 
strategies (Arup, 2015).  
 

Application of technologies 
The main focus observed in literature dedicated to DM-enabled PSS is based on the 
application of physical and digital technologies. Five documents analyse AM opportunities 
for PSS. Despeisse et al. (2017) present sustainability benefits of AM and emphasise the 
potential of 3D printing to prolong a product life cycle and help to shift towards the circular 
economy. The authors present 3D printing as the manufacturing technique which simplifies 
product repair and re-manufacturing and encourage companies to consider implementing 
PSS business models. AM implementation can help PSS companies to create digital 
designs of spare parts, localise repair, and respond more quickly and cost-effectively to 
customer needs (Zanardini et al., 2016). AM technique provides companies with the 
opportunity to develop personalised and bespoke products and services (Despeisse and 
Ford, 2015). There are already existing industry examples of AM application to service-
based offerings. Ford et al. (2015) introduce first attempts of companies to adopt product-
oriented and result-oriented PSS models applying AM technologies for product 
remanufacturing (Caterpillar), maintenance (GE), upgrade (Siemens) and pay-per-use 
approach (Rolls-Royce). However, the authors agree that the benefits of applying 3D 
printing to business processes still need to be better analysed (Ford and Despeisse, 2016). 
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Another set of documents focuses on digital technologies and their application to PSS. Lerch 
and Gotsch (2015) describe the benefits of digitisation for each stage of the product life 
cycle. Digital technologies can facilitate the monitoring of products in order to identify the 
need for repair and enable rapid service provision (Moreno and Charnley, 2016). Such 
monitoring can be achieved by integrated systems providing a large amount of feedback, 
e.g. comments, messages, requests for each product component (Mourtzis et al., 2017). 
Sala et al. (2017) use case study analysis to illustrate applications of these integrated 
systems (e.g. Augmented Reality, Additive Manufacturing, Cyber-Physical Systems, and 
Cloud Computing) to improve service provision. 
 
Finally, Moreno et al. (2017) illustrate DM and PSS combination in a proof of principle 
business model of use-oriented PSS in the shoe manufacturing industry. The study 
combines all three DM features: 1] the localisation of manufacturing, achieved through shoe 
manufacturing in local facilities; 2] the customer-orientation, with each user receiving 
personalised shoe design; and 3] the application of technologies, through AM used to 
produce the shoe and sensor technology applied to performance monitoring. 
 
2.3.2  Knowledge gap 

 
Analysis of literature in which applications of DM to PSS development are described 
demonstrates the emergence of this research field. Existing contributions by other authors 
described in the previous section illustrate the potential of the geographical distribution of 
manufacturing and service provision, customer involvement and emerging technologies to 
support a complete life cycle of PSS. However, despite the potential of DM to facilitate PSS 
implementation identified in literature, scholars agree that more in-depth analysis of practical 
DM application to PSS is needed (Ford et al., 2015). 
 
Building upon the literature review findings the following are the gaps in knowledge 
summarised according to the topics: DM (1), PSS (2) and the combination of both (3,4). 
 

1) Knowledge of DM features is limited 
The paper by Srai et al. (2016) is perhaps the most comprehensive literature source 
describing scope, opportunities, and challenges of DM as a whole including a 
summary of DM features (Section 2.2.1). On the other hand, literature on DM is vague 
and inconsistent: this can be seen from the diversity of DM definitions (Section 2.2.1) 
and terminology (i.e. DM vs RDM). In order to identify how DM can be integrated into 
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PSS, DM must be better explored and defined, including DM features according to 
which promising opportunities and implementation challenges of DM can be classified. 

 
2) All existing PSS barriers have not been collected and classified in a coherent way 

Section 2.1.4 illustrates that a large number of scholars to some extent discuss PSS 
implementation barriers in their publications. However, none of the analysed literature 
sources summarises, discusses, and classifies all PSS obstacles in a comprehensive 
manner. Reasons why PSS is not widely implemented, must be explored in order to 
identify areas to address. Since this research focuses on improving PSS development, 
collection and analysis of existing PSS implementation barriers are at the core of the 
research. 

 
3) Characteristics of DM applied to PSS have not been explored 

The literature review helped to summarised that there is a lack of theoretical 
knowledge about how the potential of DM can address existing PSS implementation 
barriers. Existing literature describing DM and PSS combination is still limited (Section 
2.3.1). When describing potential DM applications to PSS development, the majority of 
the authors focus on individual DM features rather than DM as a whole. Six out of 16 
sources focus specifically on the application of Additive Manufacturing technologies. 
Three documents are dedicated to personalisation and customer involvement in PSS 
design and manufacturing processes. Four out of 16 sources focus on the issue from 
the PSS perspective, however, none of them identify and tackle any specific PSS 
implementation barriers. Only one source describes applications of all three DM 
features in a single PSS case study. Comprehensive and systematic knowledge about 
DM and PSS combination is needed, as well as practical validation of this knowledge. 

 
4) Practical methods and tools for PSS design through DM are missing 

A number of PSS design methods have been created to facilitate PSS development 
(Section 2.1.5.2). However, due to the novelty of DM none of these methods can be 
applied to support PSS design through the integration of DM features. Specific tools 
and methods for applying DM to PSS are required. In fact, Kaneko et al. (2018) and 
Sinclair et al. (2018) propose design methods to support PSS designers through one 
DM feature (customer-orientation) demonstrating the demand for design tools 
combining PSS and DM paradigms. 
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2.4 Research questions 
 

In order to address the previously identified knowledge gap, the following research questions 
and sub-questions have been defined:  
 

1) How can the opportunities of Distributed Manufacturing help to address 
implementation barriers of Product-Service Systems? 
1.1 What are the barriers that prevent companies and customers from successful PSS 

implementation and acceptance? 
1.2 What are the DM benefits that can contribute to better PSS development and how 

DM challenges can influence this contribution? 
1.3 What are the existing contributions to apply DM to PSS? 
1.4 What are the near-future scenarios of DM applied to PSS? 
 

2) How to practically support PSS design through the application of DM? 
2.1 How can near-future scenarios of DM-enabled PSS development be practically 

applied in the PSS design processes? 
2.2 How to enable design practitioners and industrial companies to apply DM for PSS 

development?



3. RESEARCH METHODOLOGY | 73 
 

 

 
 
 
 
 
 
 
 
 

Chapter 3 

RESEARCH  
METHODOLOGY 

 
  



3. RESEARCH METHODOLOGY | 74 
 

Chapter 3 
 
RESEARCH METHODOLOGY 
 
 

Chapter content 
 
3.1 Research design ………………………………………………………….……………….… 
3.2 Research paradigm ………………………………………………………..…….………..… 
3.3 Research approach ……………...……………………………………………………...….. 
3.4 Research purposes ……………………………………………………………….………… 
3.5 Research methodology ...…………………………………………………….…………….. 
      3.5.1 Explore and define: Collection of theoretical knowledge ………….……………... 
      3.5.2 Describe and design: Development of the design toolkit ...………..…………….. 
      3.5.3 Test and revise: Empirical testing of the design toolkit and iterations ..…….…... 
3.6 Research data collection methods …………………………………………….………….. 
      3.6.1 Semi-structured interviews ...………………………………………….……….……. 
      3.6.2 DM research seminar ...…………...………………………………….……………… 
      3.6.3 Near-future scenario development ...…………………………….………….……… 
      3.6.4 Workshops ...……………..……………………………………….…………………... 
      3.6.5 Structured interviews ...…………………………………………..…………………… 
3.7 Data analysis ...……………………………………………………………………….……... 
3.8 Validity and reliability ...…………………………………………………………….……….. 

 

 
 
 
74 
76 
77 
78 
80 
82 
82 
82 
84 
84 
85 
86 
86 
90 
91 
91 

 
This chapter provides an overview of how this PhD research has been conducted including 
its theoretical rationale, data collection, and data analysis activities. Firstly, this chapter sets 
out the research design, paradigm, approach, and research purposes. Secondly, it provides 
reasons for the selection of the methodology adopted in this research. Thirdly, it discusses 
data collection methods and analysis. Finally, the chapter concludes with the validity and 
reliability of this research. 
 
 

3.1 Research design 
 

Research design can be called a type of inquiry that provides specific direction for 
procedures in a research study (Creswell and Creswell, 2018). This chapter describes the 
methodology according to which the inquiry has been carried out to answer the research 
questions. According to this inquiry, this section discusses findings obtained in the field of 
design research. 
 
Based on Crotty (1998) research design comprises four elements: epistemology, theoretical 
perspective, methodology, and methods. 
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1) Epistemology (also Philosophical Worldview) – is the theory of knowledge embedded 

in the research methodology. It can be divided into objectivism, constructionism, and 
subjectivism (Crotty, 1998); 

 
2) Theoretical Perspective – the philosophical perspective on which the research 

methodology is based. It also provides a context for the process and grounds its logic 
and criteria. Some of the theoretical perspectives: positivism, interpretivism, critical 
inquiry, feminism, postmodernism, etc. (Crotty, 1998); 

 
3) Methodology – the plan of action lying behind the choice of particular methods and 

linking the methods to the desired outcomes (Crotty, 1998); 
 

4) Methods – the techniques or procedures used to collect and analyse data related to 
research questions or hypothesis (Crotty, 1998). Research methods define data 
collection, its analysis, and interpretation (Creswell, 2014). 

 
All four elements are linked to each other: the choice of data collection methods and the 
research methodology are influenced by the theoretical perspective and philosophical 
approach of the researcher (Crotty, 1998). 
 
Based on these four elements by Crotty (1998) the research design for this PhD has been 
put together as presented in Figure 3.1. The following section describes the research 
paradigm (epistemology and theoretical perspective), followed by the research approach 
and purposes which form a foundation for the adopted research methodology and data 
collection methods. 
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Figure 3.1: Elements of research design based on Crotty (1998), Creswell (2014), Robson and McCartan (2016) 

 
 

3.2 Research paradigm 
 

Research paradigm (Patton, 2015), Theoretical perspective (Crotty, 1998) or Philosophical 
Worldview (Epistemology) (Creswell, 2014) is a philosophical orientation which strongly 
influences the methodology adopted in this research (Creswell, 2014; Gray, 2018). In other 
worlds research paradigm describes a philosophical worldview that the researcher brings to 
the study and uses it as a way of thinking and making sense of complexities (Quinn Patton, 
2015; Creswell and Creswell, 2018). A description of philosophical ideas that lay behind the 
practice of research helps to explain the choice of qualitative, quantitative or mixed-method 
approaches (Creswell and Creswell, 2018). 
 
 



3. RESEARCH METHODOLOGY | 77 
 

Creswell (2014) highlights four research paradigms: 
 

1) Post-positivism – primarily aiming at criticising and revising a hypothesis; 
2) Transformative paradigm – dealing with political change agenda; 
3) Constructivism – based on the intentions of individuals to understand the world they 

live in; and  
4) Pragmatism – opposite to post-positivism, aiming at understanding and solving a 

problem. 
 
In terms of the research approach, the first theoretical perspective – post-positivism – is a 
paradigm adopting quantitative research methods. Constructivism assumptions frame 
qualitative research. Transformative paradigm and pragmatism both support qualitative and 
quantitative approaches. The latter – pragmatist – is chosen as a position in this research. 
Pragmatic research paradigm has been selected because of multiple reasons. Pragmatism 
allows a researcher to have the freedom to choose appropriate (usually multiple) research 
methods in order to address a set of research problems and purposes. A researcher is free 
to make an objective and flexible decision along the entire research process in terms of what 
must be analysed and how data must be collected (Creswell, 2014; Robson and McCartan, 
2016). Pragmatic worldview highlights the focus on understanding the problem and finding 
solutions to that problem (Creswell and Creswell, 2018). In the same way, this PhD aims at 
identifying barriers of PSS implementation and understanding how DM opportunities can 
address these barriers. Furthermore, pragmatism is real-world practice-oriented (Creswell 
and Creswell, 2018) and is particularly relevant for this research, which aims at carrying out 
testing and evaluations of the design toolkit. Finally, according to Robson and McCartan 
(2016) pragmatic research is most likely to be initiated or aligned with a research project, 
funded and organised by external stakeholders (in this case, the LeNSin network). 
 
 

3.3 Research approach 
 
According to Creswell (2014), research can adopt one of three research approaches: 
quantitative, qualitative and mixed methods. 
 

1) Quantitative – approach used to examine measurable variables using numbered data. 
Collected through quantitative surveys and experiments, quantitative data is expected 
to be analysed using statistical procedures (Robson and McCartan, 2016; Creswell 
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and Creswell, 2018). This approach adopts deductive logic, i.e. aims at testing pre-
existing ideas or concepts (Robson and McCartan, 2016); 

 
2) Qualitative – approach that aims at exploring and understanding the meaning research 

participants assign to a research problem (Creswell and Creswell, 2018). Collected 
through interviews, focus groups, observations, case studies, etc. qualitative data is 
analysed flexibly, making interpretations (Creswell and Creswell, 2018). This approach 
adopts inductive logic, meaning that theoretical ideas and concepts emerge from 
collected data (Robson and McCartan, 2016); 

 
3) Mixed methods – approach, also called as multi-strategy research (Robson and 

McCartan, 2016) used to collect both quantitative and qualitative data mixing data 
collection and analysis methods (Creswell and Creswell, 2018). Data collected using 
this approach is likely to be developed into philosophical assumptions and theoretical 
frameworks (Creswell and Creswell, 2018). 

 
In the previous section, it was identified that different research paradigms adopt different 
research approaches. Pragmatic worldview selected to be followed in his PhD research 
suggests the adoption of both quantitative and qualitative approaches. As a result, multiple 
forms of data collection methods are applied in this research, including interviews, 
observations, analysis of textual and visual information. This research aims at adopting both 
pre-set (quantitative) and emerging (qualitative) studies using open- and closed-ended 
questions in questionnaire surveys and interviews. Moreover, a mixed method approach, 
according to Creswell (2014) is particularly useful for studies including evaluation, which is 
planned to be undertaken in this research. As a result, this PhD research is both inductive, 
informed by the collected bottom-up data, and deductive, analysing findings and building 
meanings from them. 

 
 
3.4 Research purposes 
 
According to Robson and McCartan (2016), every research intends to explore, to describe, 
and/or to explain the topic under investigation. This PhD research is no exception. The RQ1 
aims to explore and understand the research scope and build comprehensive knowledge 
about PSS barriers and DM opportunities. The RQ2 intends to define potential synergies 
between PSS and DM and, additionally, implement, test, and evaluate a set of tools made to 
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support practical DM-enabled PSS development. The nature of both questions is distinct and 
requires different research methods to be applied in order to find answers. The research has 
been structured into three main purposes and described below. Description of each purpose 
includes activities that must be undertaken in order to answer the research questions. 
 

1st purpose: Explore and define (RQ1) 
The first research purpose is to explore the scope of the research through an in-depth 
understanding and knowledge collection about PSS and DM. To this end, definitions, 
drivers, benefits, and challenges of both concepts are defined, focusing in particular on PSS 
implementation barriers and promising DM opportunities. Furthermore, existing attempts to 
combine PSS and DM made by other contributors are analysed. The first stage aims to 
provide answers to the first three sub-questions of RQ1 through the application of three 
methods: 1] the literature review on PSS and DM; 2] semi-structured DM expert interviews; 
and 3] the DM research seminar.  
 

2nd purpose: Describe and design (RQ1) 
The second research purpose is to apply collected knowledge to describing the potential of 
DM opportunities to address PSS implementation barriers in near-future scenarios. This 
research stage also includes near-future scenario integration into a strategic design toolkit 
and the development of its use guidelines. The aim of the toolkit is to provide design 
practitioners and industrial companies with support designing PSS solutions. The second 
stage, together with the next Test and revise stage forms an iterative process and aims to 
answer the fourth sub-question of the RQ1. To this end, three methods are adopted: 1] the 
literature review on scenario planning; 2] DM applied to PSS near-future scenario 
development and 3] near-future scenario integration into the design toolkit. 
 

3rd purpose: Test and revise (RQ2) 
The third research purpose is to test and improve developed design toolkit through its 
practical application with target beneficiaries. This stage includes the evaluation of design 
toolkit’s usability, completeness, and effectiveness to support PSS idea generation process. 
It also includes the development of the final version of the design toolkit for the use of design 
practitioners and industrial companies. The final stage makes use of three activities: 1] 
structured interviews with PSS and/or DM experts; 2] evaluation workshops (including 
questionnaire surveys, observations, content analysis, and informal feedback); and 3] the 
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iterative development of the updated versions of the design toolkit. Table 3.1 illustrates 
linkages between the research questions, sub-questions and research purposes. 
 
Table 3.1: Research purposes with the corresponding research questions and sub-questions 

Research questions Research sub-questions Research purposes 

RQ1: How the features of 
Distributed Manufacturing 
can help to address 
implementation barriers of 
Product-Service 
Systems? 
 

RQ 1.1 What are the barriers that prevent 
companies and customers from successful 
PSS implementation and acceptance? 

1st purpose: Explore 
and define 

RQ 1.2 What are the DM benefits that can 
contribute to better PSS development and how 
DM challenges can influence this contribution? 
RQ 1.3 What are the existing contributions to 
apply DM to PSS? 
RQ1.4 What are the near-future scenarios of 
DM applied to PSS? 

2nd purpose: 
Describe and design 

RQ2: How to practically 
support PSS design 
through the application of 
DM? 
 

RQ 2.1 How can the near-future scenarios of 
DM-enabled PSS development be practically 
applied in PSS design processes? 3rd purpose: Test and 

revise RQ 2.2 How to enable design practitioners and 
industrial companies to apply DM for PSS 
development? 

 
 

3.5 Research methodology 
 

This section provides reasoning behind the choice of the specific methodology adopted to 
frame this PhD research. Concise descriptions of each research stage and their alignment 
with research purposes are also laid out. 
 
In order to structure all three research purposes, an appropriate design research 
methodology needed to be adopted. A few design and social science research 
methodologies have been reviewed in order to select the one which is most suitable for this 
research. Methodologies for the review were chosen according to their relevance to the field 
of design and included the following: the General Research Process by Case (2008), 
Research Methodology in Social Science by Robson and McCartan (2016); the Design 
Cycle by Takeda et al. (1990), Design Science Research Process by Peffers et al. (2006) 
and Design Research Methodology by Blessing and Chakrabarti (2009). 
 
The latter, Design Research Methodology (DRM) has been selected to be adopted in this 
research. The reason behind the choice of the methodological framework is that DRM 
stages are aligned with the purposes of this research: it frames the collection and analysis of 
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theoretical findings of PSS and DM, the development of the design toolkit (design support) 
and the iterative process of its testing, refinement, and validation. The DRM provides a plan 
of action for the formulation and assessment of theoretical knowledge and the development 
and validation of practical design support built on these theoretical findings. DRM divides the 
research process into four stages: 
 

1) Research Clarification (RC). Identification of the research goal and overall research 
plan; 

2) Descriptive Study I (DS-I). Collection of knowledge and an in-depth understanding of 
reference model and success criteria; 

3) Prescriptive Study (PS-I). Development of design support;  
4) Descriptive Study II (DS-II). Evaluation and implications of developed design support. 

 
Iterations between stages can be carried out in order to achieve an intended research 
outcome (Figure 3.2). The DRM has been adopted by a number of design researchers (e.g. 
Dong, 2004; Cardoso, 2005; Gupta, 2007, Cifter, 2011; Nickpour, 2012; Wang, 2015; Emili, 
2017). 
 

 
 

Figure 3.2: Design Research Methodology (Blessing and Chakrabarti, 2009) 

 
The following text introduces how DRM stages frame the purposes of this research and 
summarises objectives of each stage. The next section provides details of applied research 
methods along with sampling strategies adopted for each method. 
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3.5.1  Explore and define: Collection of theoretical knowledge 
 

Stage I: Research Clarification (RC) 
The initial Research Clarification stage aimed to build extensive knowledge about PSS and 
DM through the collection of existing PSS implementation barriers and identification of 
promising DM opportunities which could potentially tackle limited PSS implementation. This 
knowledge, including existing attempts to apply DM to PSS was collected through the 
comprehensive literature review. More detailed data collection and analysis process is 
described in Chapter 2. 
 

Stage II: Descriptive Study I (DS-I) 
The Descriptive Study I stage was dedicated to the identification of current and future 
potential DM opportunities and challenges within a 10-year timeframe. It has been identified 
that literature on DM is still fragmented and provides limited knowledge about the DM 
potential. For this reason, additional primary research activities – semi-structured DM expert 
interviews and the DM research seminar – were selected to be carried out in order to: 1] 
validate the literature review findings regarding DM; 2] collect most recent knowledge about 
DM benefits, near-future trends, and challenges; and 3] summarise most promising DM 
opportunities. Primary research activities are described in Chapter 4. 
 

3.5.2  Describe and design: Development of the design toolkit 
 

Stage III: Prescriptive Study (PS-I) 
The first Prescriptive Study stage was essential for this research as it aimed at converting 
collected theoretical knowledge into a practically-applicable design toolkit and guidelines. 
This was done through the generation of a set of DM applied to PSS near-future scenarios 
illustrating how DM opportunities could address PSS implementation barriers. These near-
future scenarios were later integrated into the first version of the design toolkit aimed at 
supporting idea generation. A detailed DM applied to PSS near-future scenario building 
process is outlined in Chapter 5, while the development of the first version of the DM applied 
to PSS design toolkit is presented in Chapter 6, Section 6.1.  
 

3.5.3  Test and revise: Empirical testing of the design toolkit and iterations 
 
Stage IV: Descriptive Study II (DS-II) 
The Descriptive Study II stage was dedicated to the empirical application of the first version 
of the DM applied to PSS design toolkit. The first testing of the toolkit, carried out with design 
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students, aimed at evaluating its effectiveness and usability. Insights gathered from the 
testing were collected, summarised and applied to identify improvements needed for the 
updated version of the design toolkit. DS-II and the following stages frame an iterative 
process of toolkit’s testing and revisions and are detailed in Chapter 6. 
 

Stage V: Prescriptive Study II (PS-II) 
The Prescriptive Study II aimed to update the first version of the DM applied to PSS design 
toolkit, based on the strengths and weaknesses identified during the empirical study with 
design students. During this stage, the second version of the design toolkit was created.  
 

Stage VI: Descriptive study III (DS-III) 
The Descriptive Study III stage intended to practically test the updated – second – version of 
the DM applied to PSS design toolkit. The second toolkit’s application was carried out in 
three phases. The first testing was conducted with experts from DM- and/or PSS-related 
fields. The second application was carried out with manufacturing companies and design 
agencies. The final third testing was conducted with design students. The second set of 
empirical design toolkit’s applications aimed at assessing its completeness, effectiveness, 
and usability.  
 

Stage VII: Prescriptive Study III (PS-III) 
The Prescriptive Study III aimed at improving the second version of the DM applied to PSS 
design toolkit, based on findings gathered from the second set of empirical applications with 
experts, industry professionals, and students. During this stage, the third version of the DM 
applied to PSS design toolkit was developed. 
 

Stage VIII: Descriptive study IV (DS-IV) 
The Descriptive Study IV framed the final empirical design toolkit’s application with 
postgraduate design students in order to evaluate its visual communication elements and 
usability. 
 

Stage IX: Prescriptive Study IV (PS-IV) 
The final Prescriptive Study IV stage analysed the findings from the final empirical toolkit’s 
application with design students and intended to update the third version of the design toolkit 
to improve its usability. The latest improvements are summarised into the final version of the 
DM applied to PSS design toolkit.  
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The following section describes data collection methods applied in each stage. 
 
 

3.6 Research data collection methods 
 

Research methods are techniques or procedures organised to collect and analyse data 
(Crotty, 1998). According to Gray (2018), the selection of data collection methods is based 
on the design of research methodology. Qualitative and mixed-method research demands 
the application of multiple forms of data collection and analysis (Creswell, 2013). Each 
research stage described in the previous section required different research methods in 
order to meet determined objectives. Below are described all research methods applied in 
this research including sampling strategy adopted for each method. 
 

3.6.1  Semi-structured interviews 
 

In this research semi-structured expert interviews have been applied to collect qualitative 
data in DS-I. The aim was to validate the literature review findings and collect the most up-
to-date knowledge about Distributed Manufacturing. In order to allow interviewees contribute 
with the information which has not been previously identified from literature, the semi-
structured interview format has been chosen. During semi-structured interviews a list of 
issues and questions have been prepared in advance (i.e. a discussion around DM features, 
benefits, near-future trends, and challenges), however the order of the questions varied as 
well as additional questions were introduced depending on interviewees expertise and 
direction of the interview (Robson and McCartan, 2016; Gray, 2018). Each interview took 
around one hour, it was recorded by taking notes and using a digital recorder and 
transcribed. 
 

Sampling 
The population of the study included 10 academics and industry professionals working in 
DM-related fields. Semi-structured expert interviews required dimensional sampling strategy 
to be applied (Creswell, 2014). The aim of this strategy was to have at least one academic 
and one industry professional with expertise in one of the DM features: the localisation of 
manufacturing facilities, the customer-orientation (including personalisation and customer 
involvement) and the application of physical and digital technologies (Table 3.2). The 
sampling continued until the theoretical saturation (Glaser & Strauss, 1967; Morse, 1995) 
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was reached, i.e. data about DM features was concluded with no new insights emerging 
from the answers provided by the participants. 
 
Table 3.2: Dimensional sampling strategy for semi-structured expert interviews 

DM expertise Academic Industry professional 

Localisation of manufacturing units X X 
Customer-orientation X X 

Application of technologies X X 
 

3.6.2  DM research seminar 
 

DM research seminar has been attended to gather qualitative data in DS-I. The research 
seminar organised by the academics from the University of Oxford was attended by the 
researchers working on DM-related projects. Similarly to the semi-structured expert 
interviews, the aim of the seminar attendance was to validate DM literature review findings 
and update them with the most research knowledge. The author was not involved in the 
organisation of the research seminar and acted as an active observer. According to Gray 
(2018), a researcher carrying out an observation can also be a member of a group and get 
involved in discussions. The DM seminar has been divided into three sessions: 
presentations about ongoing DM research projects, discussions in groups, and 
presentations of DM feasibility studies. Topics discussed during the seminar were aligned to 
the initial literature review findings and identified as relevant to the early stage of the 
research, capable to validate and contribute to already gathered knowledge about DM. 
Notes were taken during the entire seminar besides the official seminar report which was 
produced by the seminar organisers. 
 

Sampling 
The population of the study included 22 researchers currently working on DM projects. 
Although participant recruitment process was not the author’s responsibility, seminar 
organisers applied a purposive sampling strategy, which is used to involve participants with 
specific knowledge (Gray, 2018). In the case of this seminar participants were gathered from 
six research networks working on ongoing DM research projects analysing Additive 
Manufacturing, big data, makerspaces, nexus of food, energy, and water, resilient cities, and 
healthcare. 
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3.6.3  Near-future scenario development 
 

Data collected through the literature review, semi-structured expert interviews, and the 
research seminar have been used to build DM applied to PSS near-future scenarios. 
A number of different scenario definitions can be found in literature, however, in general, 
scenarios are “narratives of alternative environments in which today’s decisions may be 
played out” (Ogilvy and Schwartz, 2004). The scenario development process for this thesis 
was based on the following methodologies. First, step-by-step scenario for PSS building by 
Lelah et al. (2014) framed the purpose of the near-future scenarios developed for this thesis: 
define the problem (i.e. identify PSS implementation barriers); formulate the decision (i.e. 
apply DM opportunities) and assess (i.e. evaluate scenario-based design toolkit through a 
set of empirical applications). Later on, based on the theory building approach (Meredith, 
1993) all PSS implementation barriers have been matched with DM opportunities and 
challenges in all possible combinations aiming to define the relationship between the 
collected data. This has been done by applying the cognitive mapping method by Goodier 
and Soetanto (2013) in order to organise all collected data (i.e. PSS implementation barriers, 
DM opportunities, and challenges) into near-future scenarios by physically interacting with it. 
Finally, based on Design Oriented Scenarios for products and PSS by Manzini and Jégou 
(2000) developed near-future scenarios have been categorised on polarities in order to 
illustrate areas addressed by DM and PSS combination. 
 

3.6.4  Workshops 
 

In this research workshops have been employed as the main qualitative and quantitative 
data collection method in DS-II, DS-III and DS-IV. Workshops, in the form of idea generation 
activities have been used to evaluate completeness, effectiveness, and usability of all three 
versions of the DM applied to PSS design toolkit. 
 
In general, a workshop is “an arrangement of a group of people who learn, acquire new 
knowledge, perform creative problem-solving, or innovate” having a particular topic as a 
focal point (Ørngreen and Levinsen, 2017). Workshop method enables iteration of the same 
research process in different contexts and with diverse groups of participants (Ørngreen and 
Levinsen, 2017). Workshops aim at developing some kind of materials and outcomes, and 
this is particularly important for this PhD research which aims to evaluate the DM applied to 
PSS design toolkit and its applicability in the idea generation process. 
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In this research in total eight workshops have been carried out: three with design students, 
four with manufacturing companies and one with design practitioners working in design 
agencies. The length of the workshops varied between two and eight hours. Each workshop 
started with the introduction to the research topic and was continued with the practical task 
required the application of the design toolkit. Workshop participants were divided into groups 
of 3 to 7 people. At the end of each workshop a collective discussion was carried out. It is 
important to highlight that workshops were organised to bring win-win solutions for both the 
author and the participants. The author collected data about the applicability of the design 
toolkit and potential improvements, while participants received knowledge about PSS 
development and DM features. 
 

Sampling 
Two different sampling strategies were applied to the workshops with companies and design 
practitioners and the ones with students. The population of the workshops with companies 
and design practitioners implemented in Brazil included 81 employees from manufacturing 
companies and 13 design practitioners from design agencies. All participants were required 
to have at least basic knowledge about PSS. The local partner from the LeNSin project 
facilitated participant recruitment by providing contact details of the companies and design 
agencies. These workshops adopted a purposive sampling strategy targeting particular 
companies and practitioners which, according to the local partner have already adopted or 
have been planning to adopt PSS business models. 
 
Another type of workshops was carried out with design students from different levels. For the 
workshops in Tsinghua University and The Federal University of Paraná, local partners 
invited participants employing a snowballing strategy. The workshop implemented with 
students at Brunel University London adopted a purposive sampling strategy because 
participants were chosen based on their experience in the design process. Table 3.3 
provides a summary of all workshops implemented to collect data for this research. 
Regarding the sample size of implemented workshops, the principle of theoretical saturation 
was adopted (Glaser & Strauss, 1967; Morse, 1995), meaning that the collection of data 
continued until no new insights were generated. 
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Table 3.3: Implemented data collection workshops 

Workshop DRM 
stage Location Sampling 

strategy 
Data collection 
methods Duration Participants 

W1 DS-II 
Tsinghua 
University
China 

Snowballing. 
Participants 
involved by the 
local partner 

Questionnaire 
surveys; 
Observations; 
Informal 
interviews; 
Content analysis 

8 hours 45 design 
students 

W2 DS-III Itajaí 
Brazil 

Purposive. 
Participants 
selected 
based on their 
expertise in 
PSS 

Questionnaire 
surveys; 
Observations; 
Content analysis 

2 hours 
46 
manufacturing 
company 
employees 

W3 DS-III Joinville 
Brazil 

Purposive. 
Participants 
selected 
based on their 
expertise in 
PSS 

Questionnaire 
surveys; 
Observations; 
Content analysis 

2 hours 
7 
manufacturing 
company 
employees 

W4 DS-III Curitiba 
Brazil 

Purposive. 
Participants 
selected 
based on their 
expertise in 
PSS 

Questionnaire 
surveys; 
Observations; 
Content analysis 

2 hours 
16 
manufacturing 
company 
employees 

W5 DS-III Curitiba 
Brazil 

Purposive. 
Participants 
selected 
based on their 
expertise in 
PSS 

Questionnaire 
surveys; 
Observations; 
Content analysis 

2 hours 
12 
manufacturing 
company 
employees 

W6 DS-III Curitiba, 
Brazil 

Purposive. 
Participants 
selected 
based on their 
expertise in 
PSS 

Questionnaire 
surveys; 
Observations; 
Content analysis 

2 hours 
13 design 
practitioners 
from design 
agencies 

W7 DS-III 

Federal 
University 
of 
Paraná, 
Brazil 

Snowballing. 
Participants 
involved by the 
local partner 

Questionnaire 
surveys; 
Observations; 
Content analysis 

4 hours 19 design 
students 

W8 DS-IV 
Brunel 
University 
London 

Purposive. 
Participants 
involved based 
on their 
expertise in 
design 
process 

Questionnaire 
surveys; 
Observations 

2 hours 10 design 
students 

 
Each workshop employed all or some of the following data collection methods: questionnaire 
surveys, observations, informal conversational interviews, and content analysis. 
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3.6.4.1 Questionnaire surveys 
 
According to Creswell (2014), surveys are usually employed to collect quantitative data. In 
this research questionnaire survey was identified as the most efficient way to collect 
qualitative and quantitative feedback from a large number of workshop participants. 
Questionnaire surveys were applied in all workshops and contained open-ended and scale 
questions asking to evaluate various aspects of the design toolkit. Questionnaires were 
provided to the workshop participants immediately after the practical activities aiming to 
record the most recent experiences. 
 

3.6.4.2 Observations 
 

Observations are descriptive data collection activities aiming to identify significance in the 
behaviour of people, setting or events happening at the research site (Creswell, 2014; Gray, 
2018). In this research observation method has been applied during every workshop. The 
author facilitated each workshop and supported participants by providing indications of the 
activities to be performed. The facilitator role allowed the author to observe the behaviour of 
the participants and record (by taking notes) various aspects which otherwise might be left 
unnoticed. The author identified whether the practical exercise was easy for participants to 
comprehend, or did it cause struggles; whether the design toolkit encouraged group 
discussion or the opposite; how many and what kind of questions were raised by 
participants; etc. Data from observations were collected to support questionnaire survey 
results in order to address biases that potentially occur in answering open-ended questions, 
e.g. social desirability or acquiescence biases. 
 

3.6.4.3 Informal conversational interviews 
 

This open-ended interview technique has been applied only to the first workshop conducted 
with design students, because of time constraints of the other workshops. Informal 
interviews were carried out with each participating group at the end of the workshop before 
participants were asked to complete questionnaire surveys. The aim of the interviews was to 
collect participants’ experiences about the idea generation process using the DM applied to 
PSS design toolkit. Participants were free to share insights about toolkit’s usability, ease, 
and difficulties faced during the practical exercise. Similarly to observations, data from 
informal interviews were collected to complement questionnaire survey results. Each 
interview lasted around 10 minutes, it was recorded by taking notes and using a digital 
recorder and transcribed. 



3. RESEARCH METHODOLOGY | 90 
 

3.6.4.4 Content analysis 
 

One of the main qualitative data collection methods applied in all workshops was the 
analysis of visual and textual material produced by workshop participants. This material 
mainly included ideas generated by each group and placed on the provided diagrams (i.e. 
the first version of the idea generation diagram introduced in Section 6.1.2). Workshop 
participants also produced additional visual material including sketches and scribbles on 
different elements of the toolkit. Two idea generation workshops conducted with students – 
one in Tsinghua University and one in The Federal University of Parana – required 
workshop participants to deliver final presentations (posters and on-screen material) with 
incorporated ideas developed using the DM applied to PSS design toolkit. Presentations 
prepared by students were analysed along with other visual and textual materials generated 
during the workshops. The content analysis method was also applied to collect quantitative 
information, e.g. the number of ideas triggered by a single scenario card; the number of 
ideas developed by each group; etc. 
 

3.6.5  Structured interviews 
 

Structured expert interviews have been applied in this PhD research to collect both 
qualitative and quantitative data in DS-III. The aim of the structured interviews was to 
evaluate completeness (contents), effectiveness, and usability of the DM applied to PSS 
design toolkit version 2.0. Based on Gray (2018), in this research structured interviews 
contained pre-prepared questions. Same questions were also provided to workshop 
participants in questionnaire surveys in order to collect consistent data about the same 
aspects of the toolkit. During the interviews respondents were asked to physically interact 
with the design toolkit to analyse its components and reply to open-ended questions 
provided by the interviewer (the author). At the end of each interview a set of scale 
questions has been given to the interviewee in order to collect quantitative feedback. Each 
interview was recorded by taking notes and using digital recording equipment. 
 

Sampling 
The population of the study included 9 academics and industry professionals working in 
PSS- and/or DM-related fields. Quota strategy has been applied to structured expert 
interviews. (Creswell, 2014; Gray, 2018). The aim of this strategy was to involve an equal 
number of representatives with knowledge about PSS, DM and both fields. The collection of 
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insights continued until the point of theoretical saturation was reached (Glaser & Strauss, 
1967; Morse, 1995) 
 
Data collection activities that involved recruitment of human participants (i.e. interviews and 
workshops) have been approved by Brunel Research Ethics Committee. Approval letters are 
attached in Appendix VII. The following sections conclude the chapter by describing the 
strategy applied to the analysis of collected data and research validity and reliability. Finally, 
Table 3.4 provides a complete overview of the research methodology. 
 
 

3.7 Data analysis 
 

Qualitative data analysis is a logical process carried out to make sense of the collected data 
(Creswell, 2014; Gray, 2018). However, there are no commonly agreed rules on how 
qualitative data must be analysed (Gray, 2018): it is a largely intuitive and soft process 
(Creswell, 2013). In this research data analysis has been carried out in four steps adopted 
from Creswell (2013): 1] organising of data, converting textual, visual and audio information 
into digital text units; 2] reading and making sense of the data by noting down quick insights 
and organising ideas; 3] classifying data into codes and later into themes in order to 
generalise gathered insights and ideas; and 4] interpreting and visualising the data. The 
majority of the data collected during this research are qualitative, and, as a result, thematic 
coding method was applied for data analysis. In addition, some quantitative data has also 
been collected through questionnaire surveys and structured interviews. According to 
Creswell (2014) quantitative and qualitative data can be analysed side-by-side in order to 
compare the findings. For example, if scale questions show that the majority of the 
respondents identified a specific feature as non-satisfactory, thematic coding method allows 
identifying the aspects of that particular feature that needs further improvements. The 
process of analysis and interpretation has been carried out with data collected during the 
Descriptive Studies and described in Chapters 4 and 6.  
 
 

3.8 Validity and reliability 
 

Research validity and reliability aim to prove the accuracy and consistency of the data 
collected throughout the research (Gibbs, 2007). A number of research validation techniques 
are proposed in literature, including: collected data revision with study participants; 
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involvement of multiple researchers in data collection process; precise capture and 
descriptions of participants and environment; data triangulation; identification of researcher’s 
and participants’ biases; extra time spent in the research environment; and external auditing 
to check the entire project (McMillan and Schumacher, 1997; Creswell, 2014). 
 
In this research the following techniques have been applied to determine the validity of the 
gathered data: 
 

Triangulation of data 
Triangulation aims at using different sources and data collection methods in order to prove 
codes and themes established from the collected data (Creswell, 2013). According to Gray 
(2018), application of multiple data collection methods improve, if not guarantee, reliability of 
qualitative research. In this research, various data gathering methods introduced in the 
previous section have been adopted to support the research process: exploration, 
development, and validation. 
 

Non-random sampling strategy 
Another way to ensure validity in quantitative research is to apply non-random sampling 
strategies (Gray, 2018). Purpose, dimensional, quota and snowballing sampling strategies 
applied in this research are all considered to be non-random, improving the validity and 
consistency of collected data. 
 

Rich descriptions and mechanical data recording 
In order to gather realistic results researchers are advised to precisely record all elements 
and experiences that occur during studies (Creswell, 2014). All data collection activities 
performed in this research has been recorded by taking notes and/or using digital recording 
equipment.  
 

Clarification of researcher’s and respondents’ biases 
Every researcher and study participant carry past experiences, prejudices, and beliefs that 
they tend to bring to the study (Creswell, 2013). Reflectivity on potential biases and their 
honest description is one way to improve research validity. In this research the researcher 
(the author) is likely to experience confirmation bias, emphasising those findings that support 
the initial hypothesis. Additionally, the author is likely to bring culture bias since the majority 
of the research activities are carried out in various cultural contexts. In terms of respondent 
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biases, study participants are likely to bring three types of biases. First, social desirability 
bias which makes them provide certain responses to be liked. Secondly, acquiescence bias 
which makes them agree and be positive about studied issue. Finally, habituation bias which 
makes the respondents repeat given information (e.g. a question) rather than come up with 
an original input (Sarniak, 2015). Being aware of potential biases the author paid particular 
attention to wording questions for the interviews and questionnaire surveys. In addition, the 
author facilitated idea generation workshops and was present to support the participants by 
responding to their questions. Local LeNSin project partners acted as interpreters in data 
collection workshops aiming to overcome the cultural bias.
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Table 3.4: Research overview 

Research 
Questions 

Research 
purposes 

DRM 
stages Objectives Chapter Research methods Sampling 

strategies 

RQ1: How can 
the opportunities 
of Distributed 
Manufacturing 
help to address 
implementation 
barriers of 
Product-Service 
Systems? 

Explore 
and Define 

(RC) 
Research 
Clarification 

1. Collection of existing PSS implementation barriers and 
promising DM opportunities; 

2. Initial identification of DM potential to improve PSS 
development. 

2 • Literature review N/A 

(DS-I) 
Descriptive 
Study I 

1. Validation of the literature review findings regarding 
DM; 

2. Collection of the most recent knowledge and near-
future trends of DM; 

3. Summary of the most promising DM opportunities. 

4 • Semi-structured expert interviews 
• DM research seminar 

• Dimensional 
• Purposive 

Describe 
and 
Design 

(PS-I) 
Prescriptive 
Study  

1. Analysis of scenario planning techniques  
2. Exploration of how DM opportunities can address PSS 

implementation barriers through the development of 
near-future scenarios; 

3. Development of the first version of the DM applied to 
PSS design toolkit  

5 and 6 
• Literature review 
• Near-future scenario development 
• Scenario integration into the first version of 

the design toolkit 

N/A 

RQ2: How to 
practically 
support PSS 
design through 
the application 
of DM? 

Test and 
Revise 

(DS-II) 
Descriptive 
Study II 

1. Evaluation of usability and effectiveness of the first 
version of the DM applied to PSS design toolkit 6 

• Workshop with design students:  
• Questionnaire survey 
• Observation 
• Informal conversational interview 
• Content analysis 

• Snowballing 
 

(PS-II) 
Prescriptive 
Study II 

1. Development of the second version of the DM applied 
to PSS design toolkit based on DS-II findings 6 • Development of the second version of the 

design toolkit N/A 

(DS-III) 
Descriptive 
Study III 

1. Evaluation of completeness, usability, and effectiveness 
of the second version of the DM applied to PSS design 
toolkit 

6 

• Structured expert interviews 
• Workshops with manufacturing companies 

and design agencies:  
• Questionnaire survey 
• Observation 
• Content analysis 

• Workshop with design students:  
• Questionnaire survey 
• Observation 

• Quota 
• Purposive 
 
 
 
 
• Snowballing 

(PS-III) 
Prescriptive 
Study III 

1. Development of the third version of the DM applied to 
PSS design toolkit based on DS-III findings 6 • Development of the third version of the 

design toolkit N/A 

(DS-IV) 
Descriptive 
Study IV 

1. Evaluation of usability and communication elements of 
the third version of the DM applied to PSS design 
toolkit 

6 • Workshop with design students:  
• Questionnaire survey 

• Purposive 
 

(PS-IV) 
Prescriptive 
Study IV 

1. Development of the final version of the DM applied to 
PSS design toolkit based on DS-IV findings 6 • Development of the final version of the 

design toolkit  N/A 
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Existing literature on Distributed Manufacturing reviewed and discussed in Section 2.2 has 
been identified as limited because of two reasons. First, the majority of analysed sources 
were related to DM elements (e.g. Additive Manufacturing, maker movement, etc.) rather 
than the DM as a whole. Second, literature provided no timescale for the described future 
trends of DM. As a result, the near-future of DM for this thesis cannot be described using 
only the literature review findings. Additional primary research activities have been 
organised in order to: 1] validate information gained from literature and 2] update the 
literature review findings with the most recent knowledge about DM. Two studies have been 
conducted to collect primary data: semi-structured expert interviews and the DM research 
seminar. Both studies aimed to contribute to initially collected DM features, benefits, future 
trends, and implementation challenges in order to collect comprehensive information to 
support the subsequent research steps. It is important to highlight that both studies were 
crucial for the identification of the most promising near-future trends of DM for the next 10 
years. 
 
The structure of this chapter is described as following: first, the protocol and findings of 
semi-structured expert interviews are detailed. Second, the process and outcomes of the 
DM research seminar are presented. Third, the comparison between the literature review 
findings and outcomes from the primary research studies are outlined. Finally, complete lists 
of DM opportunities and challenges to be applied in the further research step are 
summarised. 
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4.1 Semi-structured expert interviews 
 

The purpose of the interviews was to develop a more in-depth understanding of Distributed 
Manufacturing. The study had three aims: 1) to validate the literature review findings; 2) to 
update already collected data with the most recent knowledge in DM field; 3) to identify near-
future trends of DM for the next 10 years. 
 

4.1.1  Participants 
 

In order to select interview participants covering a broad range of DM expertise, the 
dimensional sampling method has been selected to identify the required sample from the 
population (Robson and McCartan, 2016). The aim was to invite participants from both 
academia and industry, so they have both theoretical knowledge and practical experience in 
the field of DM. The areas of expertise of academics and industry professionals were 
selected corresponding to DM features identified through the literature review: the 
localisation of manufacturing facilities (e.g. expertise in manufacturing in makerspaces); the 
customer-orientation (e.g. expertise in personal fabrication) and the application of 
technologies (e.g. expertise in Additive Manufacturing). Each feature was covered by both 
academics and industry experts. The interviews continued until the theoretical saturation 
was reached, i.e. until no new insights were generated by the interviewees. Table 4.1 
summarises expertise, position, and geographical spread of the interviewees. 
 
Table 4.1: Distributed Manufacturing experts’ profiles 

Expert 
ID Area of expertise DM feature of 

expertise Expert position Expert 
location 

E1 Additive Manufacturing for 
printed electronics 

Application of 
technologies 

Director Product 
Management - 
Industry 

USA 

E2 Additive Manufacturing for 
sustainability 

Application of 
technologies 

Senior Research 
Associate - Academia UK 

E3 Personal fabrication in 
makerspaces Customer-orientation 

Postdoctoral 
Researcher - 
Academia 

Finland 

E4 
Digital technologies and 
manufacturing in the 
pharmaceutical sector 

Localisation / 
Application of 
technologies 

Senior Research 
Associate - Academia UK 

E5 Distributed Manufacturing 
for micro and self-production Customer-orientation Designer, Research 

associate - Academia Italy 

E6 Open-source sustainable 
housing 

Localisation / 
Customer-orientation 

Designer, 
Entrepreneur - 
Industry 

UK 
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E7 Factory operations and 
production systems Localisation 

Professor, Executive 
Director – Industry / 
Academia 

Germany 

E8 Sustainable manufacturing Localisation 
Senior Scientist, 
Adjunct Professor - 
Academia 

Finland 

E9 Sustainable manufacturing 
in the food sector 

Application of 
technologies 

Research Fellow, 
Associate Professor - 
Academia 

UK 

E10 Data-driven innovations for 
customer insights 

Customer-orientation 
/ Application of 
technologies 

Academic Fellow - 
Academia UK 

 

4.1.2  Procedure 
 

Potential interviewees were contacted via email and invited to take part in the interview of 
the duration up to one hour. In order to attract the interest of potential study participants, the 
promise to share previously unpublished research findings was given as an incentive. It 
must be emphasised that interviewees were not introduced to the overall research aim to 
apply DM to PSS development. The reason for not mentioning PSS was to avoid potential 
biases of interviewees and collect objective knowledge about DM. 
 
Two face-to-face and eight Skype interviews were conducted within a period of three 
months. The structure of the interview was based on five main topics: DM features, benefits 
of DM, near-future trends of DM, and challenges of DM. Interviews were organised in a 
semi-structured way meaning that a list of topics was fixed but there was a certain level of 
flexibility, and questions, as well as their order, were adapted to the area of expertise of 
each participant (Robson and McCartan, 2016). At the beginning of each interview, 
participants were introduced to the research topic, followed by the the literature review 
findings regarding DM features, benefits, future trends, and challenges and asked to agree 
or disagree on presented knowledge. Moreover, the presentation with the literature review 
findings and preliminary questions were shared with interviewees in advance (Appendix II), 
giving experts more time to make themselves ready for the upcoming interview. It is 
important to highlight that only a summary of the literature review outcomes was provided to 
interviewees without going into details. Later, experts were asked to explain their opinions 
and add missing DM features, benefits, near-future trends, and challenges, if any, from their 
own experience. 
 
Each interview was divided into two sets of open-ended questions. The focus of the first set 
of questions was related to the literature review findings: 
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1) Do you agree that DM elements summarised from literature (i.e. the localisation of 
manufacturing, the customer-orientation, and the application of physical and digital 
technologies) are the key features that make manufacturing distributed and why? What 
additional features describe the distribution of manufacturing? 

2) Do you agree with the literature review findings describing DM benefits and why? What 
additional benefits DM accrues? 

3) Do you agree with the literature review findings describing DM challenges and why? 
What additional challenges hinder DM implementation? 

4) What future trends will influence DM development in the next 10 years? 
 
The second set of questions had a certain level of flexibility and was provided to some 
participants depending on their expertise and insights shared during the interview. Some of 
the additional questions included: 
 

1) How DM addresses sustainability? (provided to experts: E3, E5, E6, E8, E9, E10) 
2) Are there products which are more suitable than others to be made in a distributed 

manner? Please name them. (Provided to experts: E1, E2, E5, E7, E10) 
3) What is the role of emerging manufacturing technology in DM development? (Provided 

to experts: E1, E2, E4, E7, E8) 
4) What is your opinion about DM and servitisation? (Provided to experts: E2, E3, E4, E9, 

E10) 
 
The sequence of questions was flexible and depended on answers of the interview 
participants. All interviews were recorded and transcribed. 
 
Although the study helped to collect feedback from 10 knowledgeable experts, it had some 
limitations linked to the expertise of interview participants. Interviewees were specialists in 
various specific areas identified as DM features, however, none of their focus was DM as a 
whole. For this reason, the range and number of interviewees might not represent the overall 
picture of DM.  
 

4.1.3  Findings 
 

Findings presented below contribute to DM benefits, near-future trends, and challenges. 
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At the beginning of each interview, participants were briefly introduced to DM features and 
asked to discuss their opinions. All of the experts agreed that the localisation of 
manufacturing, the customer-orientation, and the application of technologies are crucial 
elements of DM: “[in a relation to 3D printing], I agree with you that it is about that smaller 
scale localised manufacturing, which enables manufacturing on different scales and with the 
potential for customisation” (E2); “definitely these three things are very frequently considered 
by RDM researchers from different sectors” (E9). Four interviewees (E2, E3, E4, and E10) 
described DM paradigm as a manufacturing model which existed before the Industrial 
Revolution: “distributed in terms of how I see it, is echoing what we had in the past before 
we went to mass production” (E2). However, the main difference between manufacturing 
then and nowadays is that with the use of technology localised small-scale manufacturing 
can be connected into a global network (E10). Moreover, DM is not going to replace 
centralised mass production, both manufacturing models will exist to fulfil market needs (E1, 
E3, E6, and E7): “[products] should be localised, and some things should still be produced in 
mass” (E3). 
 

4.1.3.1 DM benefits 
 

The most common benefits of DM named by all interviewees are flexibility, speed, efficiency, 
and resilience of manufacturing processes. These and other DM benefits brought by the 
localisation of manufacturing, the customer-orientation, and the application of technologies 
are discussed below. 
 

Localisation of manufacturing 
The majority of DM benefits linked to the localisation of manufacturing named by the 
interviewees were previously identified from literature. The interview participants confirmed 
benefits linked to shorter supply chain structure and its environmental advantages (E1, 
E2, E4, E6, E7, and E9): “being closer to the consumer you have benefits of shorter supply 
chains, what means less transport, in terms of environmental impact” (E2). Less transport 
and reduced delivery distances were confirmed by E1 and E6: “It is easier to ship recipes 
than cakes and biscuits. It captures distributed manufacturing in a word” (E6). The 
opportunity to relocate manufacturing facilities to the places of a greater demand has 
been identified by three interviewees (E2, E4, E6): “Does the equipment facilitate the easier 
movement of factories? Yes, it is like we think about the migration of birds” (E4). E1 and E2 
confirmed that such relocation of manufacturing facilities enables companies to consider 
localised maintenance facilities: “I can see having huge economic benefits from having a 
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number of maintenance sites around the world” (E2). Moreover, flexibility brought by the 
localisation of manufacturing allows companies to redesign manufacturing networks: 
“essentially to make a re-evaluation of the optimum global network design” (E4). Low 
capital cost for companies aiming to enter DM market was confirmed by E6: “[DM networks] 
can pop up and pop down again, they can be relocated; if something is not going well, they 
can just sell the machine”. Finally, E3 and E6 emphasised increased local employment 
rate as a consequence of localised manufacturing: “people are doing that as a part of 
another job, they just have a machine in their garage and they get back to their other jobs” 
(E6). 
 
Furthermore, previously unidentified DM benefits were introduced by the interviewees. E1 
added that having multiple manufacturing systems in various locations bring new business 
opportunities: “having multiple systems you can scale up the production”. In addition, DM 
has the potential to support local crafts and craftsmanship: “[DM in poor context] can 
support local inventor, local craftsman, people that are able to conceive new products” (E5). 
 

Customer-orientation 
More than haft of DM benefits related to customer-orientation named by the interviewees 
were also collected through the literature review. Half of the interview participants confirmed 
the customer involvement in the production of personalised products as one of the main 
benefits brought by the rise of DM (E3, E5, E8, E9, E10): “[DM] encourages the idea of 
having the user inputting more into the way we produce” (E10). In addition, E3 and E6 
discussed manufacturing in small batches and only products required by customers, 
while E1, E4 and E5 emphasised local customisation of products: “personalised medicine 
is my interest <…>. Could we potentially make sense in some disease area: could I have a 
personalised pill every day” (E4). In addition, active customer involvement shows the 
potential to educate customers in order to enable them to get involved in the production of 
their own goods (E3, E5): “there is a lot of communication between the user and the 
producer, which also means sustainability information, production information” (E3). 
 
Furthermore, DM enables companies to enter niche markets with specific requirements 
(E4) and build a long-lasting relationship with their customers (E3): “distributed 
manufacturers <…> value relationship with the end user. That is why <…> they also want to 
bring their production closer to consumer” (E4). As a consequence, resilience to changes 
in demand is another important benefit for manufacturers caused by the shift to on-demand 
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manufacturing: “they have this kind of resilience because they are moving from production of 
a single product to multi-products” (E6). Two experts mentioned the opportunity for 
manufacturing companies to support customised products with customised services (E4, 
E5): “it is not just about making stuff anymore, you have to make stuff and provide service 
bundle with that” (E4). In addition, according to the interview participants industries which 
can benefit from customisation, greater support, maintenance, and repair are more suitable 
to implement DM business model (E1, E6 and E9). Participants generalised that DM can 
bring benefits to sectors where the close connection between production and consumption 
matters: “But can you name anyone where it does not matter?” (E9). 
 
The interviewees also introduced new DM benefits previously not found in literature. 
According to E6 and E9, customer involvement can also result in better alignment between 
resource production and consumption: “move from a world where we shape humans 
around industrial systems to industrial systems that are shaped by humans” (E6). Being 
closer to customers enables companies to better identify their needs (E10). This customer 
involvement can also be achieved by the rise of makerspaces which enable local 
customisation and online platforms where the distribution of knowledge and share of 
skills happens (E2, E5, E10): “it provides people with the opportunity to be connected 
through global and local networks in order to exchange knowledge” (E5). 
 

Application of technologies 
The absolute majority of DM benefits related to the application of technologies identified 
from literature were confirmed by the interviewees. Four interviewees discussed sensor 
technology for improved production and service provision, product monitoring (E1, E6, 
E7, E8), and data collected for customer insights: “most important now is what I call data 
screen solutions: they can catch data from everything and put it into a big data cloud and 
retrieve information” (E7). ICT was discussed by two interviewees: first, as an enabler of 
collaboration between manufacturing units (E5) and, second, as a standard which 
facilitates the share of workloads across a number of manufacturing facilities (E6): “you 
can create a standard that it makes it easier to collaborate with different places that share 
the same kind of technology” (E5). 

 
Another set of DM benefits was confirmed by the interviewees with expertise in Additive 
Manufacturing (AM). Two interviewees described AM as a production technique requiring 
less material at the point of manufacturing (E1, E2). Other benefits included reduced 
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manufacturing waste and optimised product design enabling lightweight 
constructions: “advantage of design freedoms provided by 3D printing, so you can have 
less material, and therefore when in use, if it is something of small weight” (E2). E1 
highlighted that AM also enables small-scale production of more complex products: 
“companies like GE are using additive manufacturing to create complex parts for aircraft, 
and they are doing them 6 or 10 or 12 at a time”. 
 
It was identified by four out of ten experts (E4, E5, E6 and E10) that the application of 
technologies can improve circularity and product repairing and remanufacturing: “this 
can be the opportunity to develop a different manufacturing economy that is not only based 
on manufacturing new products, but also a whole new range of services that can help 
people and other companies to remanufacture products” (E5). 
 
Finally, E2 and E5 added that AM provides great customisation opportunities to the 
medical and dentistry industries: “Dentistry need a perfect finish of the products and this 
kind of finish is possible within 3D printing process” (E5). Table 4.2 summarises DM benefits 
discussed by experts and indicates which benefits were previously collected from literature 
and confirmed and which were newly introduced by the interviewees. 
 
Table 4.2: Distributed Manufacturing benefits identified by the interviewees 

Category DM benefits Experts Confirmed/ 
New 

Localisation of 
manufacturing 

Reduction of the number of intermediaries in the 
supply chain 

E1; E2; E4; 
E6; E7; E9 Confirmed 

Reduced transportation costs and delivery times E1; E6 Confirmed 
Facilitated movement and relocation of 
manufacturing facilities E2; E4; E6 Confirmed 

Worldwide manufacturing facilities for maintenance 
and production of spare parts E1; E2 Confirmed 

Re-evaluation of a global manufacturing network 
design E4 Confirmed 

A low capital cost of entry to distributed network E6 Confirmed 
Increased employment rate E3; E6 Confirmed 
Scaling up the production having multiple systems 
in various locations - new business opportunities E1 New 

Support of local crafts and craftsmanship E5 New 

Customer-
orientation 

Customer involvement in the production of 
personalised products 

E3; E5; E8; 
E9; E10 Confirmed 

Small-scale manufacturing of only products required 
by customers E3; E6 Confirmed 

Education of consumers providing a better 
understanding of product production and use E3; E5 Confirmed 

Facilitated companies’ enter to niche markets E4 Confirmed 
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Long-lasting companies’ relationship with 
customers E3 Confirmed 

Resilience to changes in demand E6 Confirmed 
Personalised services supporting personalised 
products E4; E5 Confirmed 

Better alignment between resource production and 
consumption because of localisation E9; E6 New 

A better way to know user needs E10  New 
Local customisation of the products E1; E4; E5 New 
Online platform link people with needs with people 
who have solutions E2 New 

New community-sharing places to learn skills: repair 
cafes, makerspaces, co-working spaces, etc. E10 New 

Distribution of knowledge and share of skills E5; E10 New 

Application of 
technologies 

Sensor technology enabling production and service E1 Confirmed 

Sensor technology for improved product monitoring E1; E6; E7; 
E8 Confirmed 

Big data for customer insights E7 Confirmed 
ICT- facilitated collaboration between 
geographically dispersed stakeholders E5 Confirmed 

Spread of workloads across a number of 
manufacturing units sharing same digital standards E6 Confirmed 

Less material used at the point of manufacturing E1; E2 Confirmed 
Less waste at the point of manufacturing E2 Confirmed 
Optimised product design E2 Confirmed 
Manufacturing of lightweight products E2 Confirmed 
Optimisation of recycling and closed-loop circular 
systems E10 Confirmed 

Optimisation of recycling and closed-loop circular 
systems E10 Confirmed 

Opportunity to remanufacture, repair, refurbish 
existing products (also tech) 

E4; E5; E6; 
E10 Confirmed 

Great opportunity for medical and dentistry industry E2; E5 New 
 

4.1.3.2 Near-future trends of DM 
 

One of the most important outcomes from the expert interviews is the identification of DM 
near-future trends. Since DM trends described in literature were not related to any time 
period, trends identified by experts helped to categorise ones achieved from literature and 
define those to focus on. Below are presented trends which interview participants identified 
for the period of up to 10 years’ time.  
 

Localisation of manufacturing 
Interviewees confirmed most of the trends identified in literature. Experts agreed that 
manufacturing close to the point of need will allow companies to implement short-distance 
low-emission last mile delivery with only blueprints travelling long distances: “last-mile 
delivery – shipping distances, it is the obvious one, ingredients [materials] can stay within 
the last mile” (E6). Furthermore, one of the most common near-future trends confirmed by 
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experts included manufacturing in real time at the actual place of consumption (E1). 
This includes establishment of manufacturing units on the high street (E2, E5) and even 
production in clean environment, e.g. hospitals (E1, E4): “things like ‘factory in the fridge’, 
‘factory in the trailer” (E4); “a new kind of shopping that contains physical micro-production 
places” (E5). The latter DM near-future trend introduced by experts has not been previously 
found in literature. In addition, an interesting trend unmentioned in literature and suggested 
by E5 was that in the near future manufacturing in public spaces will combine production 
and entertainment for enhanced customer involvement: “it is a connection between 
manufacturing, collective or individual experience and a sort of entertainment”. 
 

Customer-orientation 
Regarding near-future trends of customer involvement interviewees confirmed the literature 
review findings and discussed increasing customer ability to use design tools and have 
access to manufacturing facilities (E4, E5, E6 and E9): “for the next future you will have a lot 
of people in design background and a lot of people that can use design tools” (E5). 
 
Moreover, experts E6 and E9 agreed that digital platforms from which open-source 
blueprints can be extracted by anyone will encourage customer involvement in product 
design process, at the same time contributing to product innovations: “this is something 
very empowering, because we are cutting out these huge industrial proxies by simply giving 
out people the capacity to produce stuff for their own needs” (E6). Another group of trends 
identified from literature and confirmed by more than half of the interviewees (E2, E4, E5, 
E6, E8, E10) contained reduced need of ownership of products and the shift from products 
to services: “Apple will refuse to sell you your phone, they will only rent it to you, because 
they do not want to let you keep the materials that are inside” (E6). 
 
A near-future trend previously unidentified through the literature review and introduced by 
experts is an active customer involvement in product design and development processes 
using home manufacturing facilities and production of goods no longer produced by 
companies: “in certain cases, you could manufacture some products in your basement” 
(E4). Customers will be enabled to get involved in the production of products which large 
manufacturers consider as non-profitable: “[local producers] would primarily be targeting 
areas of housing that developers do not want to touch, it is not profitable for them” (E6). 
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Application of technologies  
Experts agreed with existing literature that in the near future remote control of 
manufacturing equipment will enable the geographically dispersed production: “there will 
be places like a mobile factory that could make some of these anti-malarians” (E4). As a 
result, companies will be able to run manufacturing remotely i.e. without owning a factory 
(E4, E6). 
 
The majority of DM near-future trends linked to the technological development and named 
by the interviewees were not previously observed in literature. Noticeable trends named by 
two experts (E1, E7) are related to the application of digital technologies. According to E1 
and E7, sensors will enable small-scale local manufacturing of fully functioning products: 
“factories all around the world using additive manufacturing equipment to print sensors on 
plastic to create functional parts” (E1). The Internet of Things will also enable adoption of 
machine to machine communication for improved manufacturing processes: 
“technologies will play a major role in m2m – machines communicating to machines: 100% 
approval, no loss, productivity +20%” (E7). In addition, products of the near-future will be 
produced with low cost, time and energy: “we can massively use this distributed 
manufacturing model to lower the thresholds of time, cost, skills, access, etc.” (E6).  
 
Additionally, technology will become cheaper and more powerful: “sensors will be 
cheaper than matches, so you can make any object smart” (E7). Low-cost desktop AM 
machinery equipped with advanced materials will be available for anyone: “metal powder 
is still of a high cost, it will take few years before it starts to really enter into distributed low-
cost 3D printing environment” (E2). A complete list of DM near-future trends shared by 
experts is presented in Table 4.3. The table also summarises whether the trend confirmed 
the literature review findings or was newly introduced. 
 
Table 4.3: Distributed Manufacturing near-future trends identified by the interviewees 

Category DM future trends Experts Confirmed/
New 

Localisation of 
manufacturing 

Last mile low-emission delivery implemented by 
companies to their customers E6 Confirmed 

Long-distance delivery for only blueprints and raw 
materials E2 Confirmed 

Manufacturing in real time at the point of need E1 Confirmed 
Manufacturing units on high street E2; E5 Confirmed 
Production in clean environments (e.g. hospitals) E1 New 
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Combination of production and entertainment in 
manufacturing facilities in public spaces. E5 New 

Customer-
orientation 

Educated customer able to use digital design tools E5 Confirmed 
Free open-source blueprint libraries E6 Confirmed 
Open-source innovations encouraged by customer 
involvement E6; E9 Confirmed 

Shift towards service-based business models 
E2; E4; 
E5; E6; 
E8; E10 

Confirmed 

Home manufacturing of products which are no longer 
produced by companies E4 New 

Potential to produce products which large 
manufacturers consider as non-profitable 
(personalisation) 

E6 New 

Application of 
technologies 

Remote control of manufacturing equipment E4 Confirmed 
Companies offering technological knowledge instead 
of manufacturing service E4, E6 Confirmed 

Digital brain - improved development of future products E1, E8 Confirmed 
Functional products achieved through the application 
of IoT E1; E7 New 

Machine to machine communication E7 New 
Manufacturing of low cost, time, skills and low energy 
products E6 New 

Cheap and powerful technology E7 New 
Low-cost desktop AM technologies equipped with 
advanced materials (e.g. metal powder) E2 New 

 

4.1.3.3 DM challenges 
 

Challenges in DM context are factors making DM complicated for companies to implement. 
Most common DM implementation challenges discussed by interview participants included 
high costs of DM implementation, different skills required by employees, a transition from 
traditional manufacturing model, and quality assurance. Below are discussed the DM 
challenges suggested by experts. 
 

Localisation of manufacturing 
More than half of the DM challenges discussed by the interviewees confirmed the literature 
review findings. A set of challenges described by the interviewees were related to 
companies struggling to accept DM paradigm because of the absence of organisational 
mind-set needed to overcome changes (E1, E4, E10): “the most conservative people on the 
face of the Earth are manufacturers, they hate change; changes influence training, quality, 
and supply chain” (E1). Adopting the DM model means breaking the current system, 
building the new network of partners and dealing with different regulatory challenges (E4, 
E9): “regulating a small number of large scale production is quite different from regulating a 
large number of small production sites.” (E9). E6 highlighted that localised manufacturing 
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units, and especially makerspaces, rarely receive financial support from governmental 
institutions: “and the problem is that governments and many other people are chronically 
underinvesting in this infrastructure”. 
 
Additionally, experts introduced DM challenges previously unidentified from literature. E3 
added that companies also find it challenging to identify a clear business model before 
implementing DM: “companies have to decide whether they are on that scale and they want 
to go and are willing to invest in that cost and the time”. Moreover, companies that wish to 
distribute manufacturing to new geographical locations may struggle to sensibly adapt new 
manufacturing units to local contexts: “when a big company starts to colonise a new 
country creating new plants, they tend to change the context when they operate” (E5). 
Finally, one of the rebound effects identified by E2 is a risk to move to the centralisation of 
individual DM facilities: “technology makes processes more centralised. A recent feasibility 
study on Formula 1 showed that the use of 3D printing actually encourages greater 
centralisation rather than distribution” (E2). 
 

Customer-orientation 
Interviewees E8 and E9 confirmed the literature review findings and discussed that customer 
acceptance of DM can be complicated, because of higher costs of personalised and 
bespoke goods and services: “people have to be willing to pay an actual price to buy 
something more fresh more tasty and more local” (E9). 
 
Additionally, experts introduced new DM challenges. According to interviewees, there is a 
lack of support for customers accepting DM: “how we could be more encouraged to adopt 
this new way of purchasing or this new business model? Why we would buy? What is the 
value proposition?” (E10). Aiming to offer personalised goods companies often struggle to 
access customer information and apply it in order to meet their needs: “they want to 
meet the customer needs but the information is very ‘sticky’ so it is not that easy to access it 
and then apply it” (E3). Finally, active customer involvement in design and manufacturing of 
products in a distributed manner shows the risk to move to the consumption of 
production: “we can transform people that like buying things to people who have interest in 
producing things. Manufacturing can then be considered as a new way of consumerism” 
(E5). Open access manufacturing facilities available to everyone can result in an 
unsupervised increased production of products (E5 and E9): “sometimes I get worried, 
when you look at 3D printing, how easy it would be for anyone to 3D print a gun” (E9). 
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Application of technologies 
Nearly all interview participants agreed that most of the challenges related to DM are linked 
to technology: “there is obviously the technology itself, its limitations, issues with quality, 
replicability, reliability and limited functionality” (E2). 
 
More than half DM challenges shared by the experts confirmed the previous literature review 
findings. Firstly, two experts agreed that challenges for companies are related to the 
acceptance of new technologies (E1, E10): “manufacturers need to look at alternative 
meanings of putting those products off the door, because their existing manufacturing 
technology may not work. Manufacturing technology to be able to fit in their existing lines, it 
needs to be able to plug in” (E10). This also includes a high initial investment required 
from companies (E10), as well as challenges in training of employees who are required 
to operate new technologies (E1, E10): “you cannot take someone with a high school 
education and ask them to use our technology, you need someone with advanced degree, 
who understands programming, who understands process development” (E1). Moreover, 
interviewees highlighted that the implementation of advanced technologies may cause 
privacy issues of companies related to the absence of official data-sharing agreements 
(E6, E7, E9): “safety and regulation have been developed according to existing industry 
structure, I think you do need to have some adaptation there” (E9). 
 
Additionally, interviewees discussed the limitations of Additive Manufacturing 
technologies, which capabilities are still restricted (E3, E5). Experts introduced challenges 
related to a limited range of materials available for AM (E2, E5): “reduction in biodiversity 
in the use of technology, and there is also the reduction of raw materials that can be used in 
digital manufacturing technology” (E5). Furthermore, E2 emphasised that there is also a 
lack of personnel capable to work with advanced manufacturing technologies: “there 
are not enough people at the moment that can do that”.  Moreover, AM increases energy 
consumption and toxicity levels (E3): “of course there is going to be toxicity problems of 
materials”. Finally, experts E2 and E4 introduced a challenge linked to the perception of 
customers that components made in an additive way are not as reliable as mass-
manufactured ones: “at the heart where I see the limitations, people are sceptical of new 
technologies” (E4). This challenge applies in cases when the customer is directly involved in 
the manufacturing and/or familiar with the manufacturing method used to produce products 
or components. The table below summarises DM implementation challenges discussed by 
interviewees and comments on their originality. 
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Table 4.4: Distributed Manufacturing implementation challenges identified by the interviewees 

Category DM implementation challenges Experts Confirmed/ 
New 

Localisation of 
manufacturing 

Organisational mind-set needed to maintain 
operational transition towards DM implementation E1; E4; E10 Confirmed 

Challenges in breaking a current manufacturing 
system E9 Confirmed 

Challenges regulating a large number of small 
production sites E4; E9 Confirmed 

A lack of financial support for makerspaces E6 Confirmed 
Identification of a clear business model before 
running DM E3 New 

Challenges to sensibly adapt new manufacturing 
units to the local context. E5 New 

A risk to move to the centralisation of DM 
platforms E6 New 

Customer-
orientation 

Higher costs of personalised/ bespoke products 
and services E8; E9 Confirmed 

Challenges to encourage customers to adopt the 
new system of consuming and producing E3; E10 New 

Identifying user needs can be challenging E3 New 
A risk to move from consumption of products to 
consumption of production E5 New 

Application of 
technologies 

Fitting new technologies into existing companies’ 
production lines E1 Confirmed 

High costs of adoption of new technologies E10 Confirmed 
Challenges related to training of employees E1; E10 Confirmed 
A lack of official data-sharing agreements E6; E7; E9 Confirmed 
Limited AM capabilities E3; E5 Confirmed 
Limited choice and quality of materials for AM E2; E5 New 
A lack of skilled personnel E2 New 
Issues related to energy consumption and toxicity 
of AM processes. E3 New 

The perception that components made in an 
additive way are not reliable E2; E4 New 

 
 

4.2 DM research seminar 
 
Distributed Manufacturing Cross-Network research seminar was organised by the 
academics from the University of Oxford in the UK and involved researchers with DM focus 
from various institutions. The seminar was dedicated to the state-of-the-art of DM and was 
identified as relevant for the early stage of this PhD research. It must be highlighted that the 
author was not involved in the organisation of the DM research seminar and attended only 
as an active observer. The objectives of the eight-hour seminar were to exchange 
knowledge about ongoing research projects related to DM, summarise findings regarding the 
main features of DM, and discuss future research opportunities. 
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4.2.1  Participants 
 

22 researchers working on DM-related projects took part in the event. Most of the 
participants were members of six research networks combined of scientists and industrial 
companies working to address challenges and opportunities linked to DM. The focus of each 
network was based on one of the six following themes: 
 

1) 3D printing-enabled DM; 
2) Big data for DM; 
3) The role of makerspaces; 
4) Sustainable local food, energy, and water; 
5) DM for the resilient, sustainable city; 
6) DM in healthcare. 

 
The author had no control over participant recruitment, however, the seminar gathered 
experts from on-going projects and provided a broad overview of the current research 
situation in the DM field. 
 

4.2.2  Seminar structure 
 

The DM research seminar was divided into three sessions. The first session invited 
representatives from each of the six networks to present the context and the scope of their 
research projects including drivers, purposes, and potential benefits of DM. 
 
During the second session, group discussions were carried out. All seminar participants 
were divided into three groups, managed by three different networks: 3D printing-enabled 
DM, Sustainable local food, energy and water, and DM in healthcare. Each group had to 
carry out discussions around three questions: 
 

1) Are there any essential attributes (features) of DM? 
2) What are the elements/aspects of manufacturing that could be sensibly distributed? 
3) What is the broader landscape for manufacturing in 15-30 years, against which the 

implication of DM could be better articulated? 
 

At the end of the session each group was invited to briefly present findings in accordance 
with the given questions. The session was concluded with the guided discussion. 
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The final session was dedicated to the overview of three feasibility studies. The seminar 
organisers from the network of sustainable local food, energy, and water presented three 
scoping studies on 1] business; 2] policy; and 3] multiple-level modelling. The focus of all 
three studies was based on the food industry with the strong interest in supply chain 
management, customer needs, the importance of access to the local production, and 
challenges in rearranging production in a distributed way. The seminar wrapped up with the 
discussion about the future DM Cross-Network events and different approaches needed to 
analyse DM more in-depth. 
 
During the entire seminar the PhD candidate acted as an active observer, collected insights 
by taking notes, and participated in the discussions. A summary of the seminar outcomes 
produced by the organisers was provided after the event and used for data analysis. 
 
Despite the fact that the Distributed Manufacturing Cross-Network research seminar 
involved experts from a wide range of research areas and provided a broad overview of DM 
situation, some limitations related to data collection occurred. The author attended one of 
three group discussions (related to 3D printing-enabled DM) in the second part of the 
seminar and was asked to share her opinion about the issues discussed. The feedback from 
the author might have influenced the insights generated by the group. Furthermore, even 
though the future of DM was a part of the seminar agenda, the proposed timescale (15 to 30 
years) exceeded the focus of this research. 
 

4.2.3  Findings 
 

The seminar activities including presentations and discussions were based on the 
fundamentals of Distributed Manufacturing. For this reason, findings contribute to knowledge 
already collected from the literature review and are described in accordance with four 
sections: DM features, benefits, future trends, and challenges. 
 

4.2.3.1 DM features 
 

Presentations by researchers and group discussions helped to identify main features that 
distinguish DM from the traditional mass production model. Outcomes can be summarised 
into five DM features: 1] changes in location with manufacturing carried out at a close 
proximity to a customer; 2] changes in scale with the manufacturing of one-off goods and in 
small batches; 3] shorter supply chains caused by changes in location and scale; 4] 
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enabled personalisation and customisation of products and services; and 5] 
technological evolution which improves supply chain communication through digital 
technology and product development through Additive Manufacturing technologies. The 
research seminar participants to some extent confirmed DM features identified from 
literature: DM is enabled by the localisation of manufacturing, the customer-orientation and 
the application of technologies. 
 
Another interesting finding that emerged from the seminar activities is the set of features that 
could be potentially distributed within the manufacturing system. An agreement was reached 
that, in terms of activities, virtually every part of the whole value chain can be distributed. 
Activities of every product life cycle stage were named to be potentially distributed: design, 
manufacturing, distribution, and recycling. In addition to that, accompanying activities such 
as knowledge, information, and human resources can also be distributed. 
 

4.2.3.2 DM Benefits 
 

It was agreed by most of the seminar participants that each case where DM is planning to be 
applied or introduced has to be critically evaluated to avoid unwanted rebound effects, such 
as resource exhaustion, increased transportation, centralisation of DM systems and others. 
When describing potential DM benefits, DM researchers based the discussion around three 
topics: environmental and social sustainability, business advantages for manufacturers and 
product innovations. In order to keep the consistency in this thesis the DM benefits below 
are discussed according to key DM features. 
 

Localisation of manufacturing 
Seminar participants confirmed some of the literature review findings linked to DM benefits 
of manufacturing localisation. Seminar participants discussed that entrepreneurs and new 
start-ups can potentially grow and innovate because of vertical disintegration, caused by 
movement and relocation of manufacturing facilities. Furthermore, it was confirmed by 
the seminar attendees that DM has the potential to enable companies to simplify, integrate 
and streamline supply chains, control timing, and postpone manufacturing. Localising 
manufacturing facilities can also help to achieve regional socio-economic development, 
including improved employment, upskilling, and value retention that could lead to more 
balanced rural and urban economies. 
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Additionally, the seminar participants introduced some new DM benefits to the research 
findings. According to them, the distribution of manufacturing brings new business 
opportunities for existing companies. An introduction of small-scale manufacturing facilities 
enables existing companies to scale up their businesses and integrate new units into the 
existing manufacturing system. Finally, geographically distributed manufacturing units can 
help companies to achieve open collaboration with locally-based manufacturers. 
 

Customer-orientation 
Customer-orientation was discussed from the company’s point of view and confirmed some 
of the DM benefits observed from literature. According to DM researchers, by adopting DM 
model companies can start focusing on listening to their customers in order to address their 
specific needs. DM researchers highlighted that distributed and decentralised sources of 
knowledge allow companies to minimise risk and implement a more resilient production in 
a dynamic market. As a result, adoption of DM can improve competitive differentiation 
between companies with better attention to customer values and market demand, at the 
same time facilitating entry to niche markets. It was mentioned by the seminar 
participants that the company’s focus on the specific needs of customers can contribute to 
social sustainability through better customer satisfaction related to personalisation and 
products designed and produced on demand. 
 
DM researchers introduced DM benefits previously unidentified from literature. According to 
the seminar attendees, local customisation of products can bring innovations at a 
product design level caused by the introduction of customisation, bespoke and ‘artistic’ 
features. In addition, DM researchers identified that localised on-demand production results 
in the balance between resource production and consumption. Moreover, seminar 
attendees added that manufacturing at the point of need improves the distribution of 
knowledge and share of skills.  
 

Application of technologies 
Most of the DM benefits discussed by the seminar attendees confirmed the previously 
obtained literature review findings. It was discussed by the seminar participants that the 
distribution of manufacturing has the potential to embrace the adoption of digital and 
physical technologies across product life cycle stages, including design, production, use, 
and post-consumption. Digital communication and monitoring technologies were discussed 
in relation to life cycle stages. The seminar participants discussed the collection of 
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customer insights achieved by communication between stakeholders during the 
manufacturing stage and product monitoring during its use stage. Furthermore, DM 
researchers confirmed the application of AM technologies to enable small-scale 
production of complex products with less material used at the point of manufacturing. 
Finally, the seminar attendees confirmed that the application of Additive Manufacturing 
technologies has the potential to encourage the rise of the circular economy. This is the 
result of reduced consumption of resources and waste and integration of repair and 
remanufacturing to manufacturing system of new products. Table 4.5 summarises DM 
benefits discussed by the seminar attendees and indicates which benefits were previously 
collected from literature and confirmed and which were newly introduced by the seminar 
participants. 
 
Table 4.5: Distributed Manufacturing benefits identified by the DM research seminar participants 

Category DM benefits Confirmed / 
New 

Localisation of 
manufacturing 

Facilitated movement and relocation of manufacturing facilities Confirmed 
Reduction of the number of intermediaries in the supply chain Confirmed 
Increased employment rate Confirmed 
Scaling up the production having multiple systems in various 
locations - new business opportunities 

New 

Better alignment between resource production and consumption 
because of localisation 

New 

Open collaboration between companies potential  New 

Customer-
orientation 

Resilience to changes in demand Confirmed 
Facilitated companies’ enter to niche markets Confirmed 
Small-scale manufacturing of only products required by 
customers 

Confirmed 

Local customisation of the products  New 
Distribution of knowledge and share of skills  New 

Application of 
technologies 

Big data for customer insights Confirmed 
ICT- facilitated collaboration between geographically dispersed 
stakeholders 

Confirmed 

Sensor technology for improved product monitoring Confirmed 
Small-scale production of more complex products Confirmed 
Less material used at the point of manufacturing Confirmed 
Optimisation of recycling and closed-loop circular systems Confirmed 
Opportunity to remanufacture, repair, refurbish existing products 
(also tech) 

New 

 

4.2.3.3 Future of DM 
 

In terms of the future of DM, the seminar participants discussed the DM trends for the next 
15 to 30 years. Even though this timescale was considered out of the scope of this research, 
some interesting insights are worth mentioning in this thesis. According to the seminar 
participants, the further future of manufacturing will continue improving aspects already 
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identified from literature and the interviews with experts. First, technological development will 
continue improving small-scale production of more complex low-cost products. The 
same near-future trend was identified by the interviewees. Second, ICT and sensors will 
enhance collaboration and knowledge transfer between multi-national companies, 
SMEs and customers leading to open innovations, as described by Rauch et al. (2016).  
Finally, the balance between manufacturing automation and manual work done by humans 
will improve production efficiency and resilience. 
 

4.2.3.4 DM challenges 
 
DM implementation challenges discussed during the seminar were linked to the early stage 
of DM implementation, i.e. the introduction of a new or reorganisation of an existing 
manufacturing system. DM challenges identified by the seminar participants were related to 
the localisation of manufacturing and the application of physical and digital technologies. 
However, challenges linked to the customer-orientation were not included in the agenda and 
were left undiscussed. 
 

Localisation of manufacturing 
Seminar attendees confirmed most of the DM challenges identified through the literature 
review. As a fundamental barrier preventing companies from DM implementation seminar 
participants named a lack of culture and organisational mind-set within manufacturing 
companies. Development of DM is also restricted by a lack of successful cases where 
economic values and other benefits of DM can be demonstrated. DM researchers also 
demonstrated a common belief that a decentralised manufacturing model is not necessarily 
better than a centralised one. Moreover, participants confirmed that geographically 
dispersed production is more likely to be less efficient compared to processes in 
centralised factories. In addition, product quality, safety, and traceability can be more 
difficult to control in locally-based production facilities. Researchers agreed that DM units, 
especially those open to the public (e.g. Makerspaces), still lack sufficient financial 
support from governmental organisations. Finally, DM researchers added that 
geographically extended supply chains can be fragile with weakened competences. 

 

Application of technologies 
The research seminar attendees confirmed that the main barrier for companies aiming to 
shift towards DM is switching costs needed to transfer from the current system to DM and 
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implement required ICT and physical manufacturing technologies. Additionally, DM 
researchers confirmed that a lack of official data-sharing agreements still prevents 
companies from the acceptance of DM. 
 
However, the seminar attendees shared new insights compared to the ones collected 
through the literature review. According to them, challenges with the early stage of DM 
development are also linked to the shortage of skilful employees who are able to use 
advanced technologies. Moreover, seminar participants highlighted that there is still a lack 
of standards for novel manufacturing processes and product development. Moreover, 
product development has also been discussed because changes at the product design 
level are needed in order to manufacture products in a distributed manner and using 
advanced manufacturing technologies. Finally, researchers added that there is still a 
widespread perception that components made in an additive way are not reliable and 
hinder customer acceptance. The table below provides a list of DM challenges suggested by 
the seminar attendees. 
 
Table 4.6: Distributed Manufacturing challenges identified by the DM research seminar participants 

Category DM implementation challenges Confirmed / 
New 

Localisation of 
manufacturing 

Organisational mind-set needed to maintain operational 
transition towards DM implementation Confirmed 

Reduced efficiency of manufacturing processes Confirmed 
Challenges managing same quality and delivery at various 
manufacturing units Confirmed 

A lack of financial support for makerspaces Confirmed 
Fragile supply chains caused by geographical extension New 

Application of 
technologies 

High costs of adoption of new technologies Confirmed 
A lack of official data-sharing agreements Confirmed 
A lack of skilled personnel New 
Product design for manufacturing in a distributed manner New 
The perception that components made in an additive way 
are not reliable New 

 
 

4.3 Summary: comparison between literature and primary research 
findings 

 
Building upon the results obtained through the literature review, semi-structured expert 
interviews and the DM research seminar this section provides three tables summarising DM 
benefits (Table 4.7), near-future trends (Table 4.8), and challenges (Table 4.9).  
 



4. PRIMARY RESEARCH | 118 
 

Table 4.7: A complete list of Distributed Manufacturing benefits 

Category DM benefits Literature 
review 

Expert 
interviews 

Research 
seminar 
Lo

ca
lis

at
io

n  
of

 m
an

uf
ac

tu
rin

g 

Reduced transportation costs and delivery 
times X X  

Reduced environmental impact of 
transportation X   

Facilitated movement and relocation of 
manufacturing facilities X X X 

Re-evaluation of a global manufacturing 
network design X X  

Production of products carried out anywhere in 
the world using local resources and access to 
technologies 

X   

Worldwide manufacturing facilities for 
maintenance and production of spare parts X X  

Reduction of the number of intermediaries in 
the supply chain X X X 

A low capital cost of entry to distributed 
network X X  

Increased employment rate X X X 
Opportunity for developing countries to 
produce goods on their own demand X   

Scaling up the production having multiple 
systems in various locations - new business 
opportunities 

 
X X 

Support of local crafts and craftsmanship  X  
Better alignment between resource production 
and consumption because of localisation  X X 

Open collaboration between companies 
potential   X 

Cu
st

om
er

-o
rie

nt
at

io
n  

Small-scale manufacturing of only products 
required by customers X X X 

Resilience to changes in demand X X X 
Reduced warehousing costs related to unsold 
products X   

Facilitated company’s enter to niche markets X X X 
Customer involvement in the production of 
personalised products X X  

Open-access workshops enabling customers 
to get involved in product development X   

Education of consumers providing a better 
understanding of product production and use X X  

Mass customisation and cost-effective bespoke 
production X   

Long-lasting companies’ relationship with 
customers X X  

Personalised services supporting personalised 
products X X  

A better way to know user needs  X  
Local customisation of the products  X X 
Online platform link people with needs with 
people who have solutions  X  
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New community-sharing places to learn skills: 
repair cafes, makerspaces, co-working spaces, 
etc. 

 X  

Innovation at a product design level   X 
Distribution of knowledge and share of skills  X X 

Ap
pl

ica
tio

n 
of

 te
ch

no
lo

gi
es

 

ICT- facilitated collaboration between 
geographically dispersed stakeholders X X X 

Spread of workloads across a number of 
manufacturing units sharing same digital 
standards 

X X  

Sensor technology enabling production and 
service X X  

Sensor technology for improved monitoring of 
stock and material flows X   

Sensor technology for improved product 
monitoring X X X 

Big data for customer insights X X X 
Potential reduction of the time-to-market X   
Small-scale production of more complex 
products X X X 

Less material used at the point of 
manufacturing X X X 

Less waste at the point of manufacturing X X  
Optimised product design X X  
Manufacturing of lightweight products X X  
Optimisation of recycling and closed-loop 
circular systems X X X 

Opportunity to remanufacture, repair, refurbish 
existing products (also tech)  X X 

Great opportunity for medical and dentistry 
industry  X  

 
Table 4.8: A complete list of Distributed Manufacturing future trends 

Category DM future trends Literature 
review 

Expert 
interviews 

Research 
seminar 

Lo
ca

lis
at

io
n  

of
 

m
an

uf
ac

tu
rin

g  

Long-distance delivery for only blueprints and 
raw materials X X  

Circular economy enabled in makerspaces X   
Last mile low-emission delivery implemented by 
companies to their customers X X  

Manufacturing in real time at the point of need X X  
Manufacturing units on high street X X  
Production in clean environments (e.g. 
hospitals)  X  

Combination of production and entertainment in 
manufacturing facilities in public spaces.  X  

Cu
st

om
er

-
or

ie
nt

at
io

n 

Open-source innovations encouraged by 
customer involvement X X X 

Free open-source blueprint libraries X X  
Educated customer able to use digital design 
tools X X  

A shift towards service-based business models X X  
Home manufacturing of products which are no 
longer produced by companies  X  
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Potential to produce products which large 
manufacturers consider as non-profitable 
(personalisation) 

 X  
Ap

pl
ica

tio
n 

of
 te

ch
no

lo
gi

es
 

Remote control of manufacturing equipment X X  
Companies offering technological knowledge 
instead of manufacturing service X X  

Digital brain - improved development of future 
products X X  

4D printed product self-disassembly and self-
repair X   

Volume reduction of packed 4D printed 
products X   

Machine to machine communication  X  
Functional products achieved through the 
application of IoT  X X 

Manufacturing of low cost, time, skills and low 
energy products  X X 

Cheap and powerful technology  X  
Low-cost desktop AM technologies equipped 
with advanced materials (e.g. metal powder)  X  

 
Table 4.9: A complete list of Distributed Manufacturing challenges 

Category DM implementation challenges Literature 
review 

Expert 
interviews 

Research 
seminar 

Lo
ca

lis
at

io
n 

of
 m

an
uf

ac
tu

rin
g 

Organisational mind-set needed to maintain 
operational transition towards DM implementation X X X 

Reduced efficiency of manufacturing processes X  X 
Limited independence of companies caused by 
other network units X   

Challenges regulating a large number of small 
production sites X X  

Challenges managing same quality and delivery 
at various manufacturing units X  X 

Greater responsibilities received by managers X   
Processes fragmentation caused by offshoring 
and outsourcing of operations X   

A lack of financial support for makerspaces X X X 
Material waste in makerspaces X   
Challenges to sensibly adapt new manufacturing 
units to the local context.  X  

Fragile supply chains caused by geographical 
extension   X 

Identification of a clear business model before 
running DM  X  

Challenges in breaking a current manufacturing 
system  X  

A risk to move to the centralisation of DM 
platforms  X  

Cu
st

om
er

-
or

ie
nt

at
io

n 

Conflicts within organisations caused by a 
disagreement about personalised offerings X   

Higher costs of personalised/ bespoke products 
and services X X  

The choice of location of makerspaces X   
Limited manpower and capacity of DIY production X   
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Legal liability and responsibility for DIY production X   
A risk to move from consumption of products to 
consumption of production  X  

Challenges to encourage customers to adopt the 
new system of consuming and producing  X  

Identifying user needs can be challenging  X  

Ap
pl

ica
tio

n 
of

 te
ch

no
lo

gi
es

 

Fitting new technologies into existing companies’ 
production lines X X  

High costs of adoption of new technologies X X X 
Challenges related to information exchange 
between production sites X   

A lack of official data-sharing agreements X X X 
Cybernetic security and privacy issues X   
The specific environment required for AM 
equipment X   

Challenges related to training of employees X X  
Limited AM capabilities X X  
Product design for manufacturing in a distributed 
manner   X 

Limited choice and quality of materials for AM  X  
A lack of skilled personnel  X X 
The perception that components made in an 
additive way are not reliable  X X 

Issues related to energy consumption and toxicity 
of AM processes.  X  

 

 

4.4 A complete list of DM opportunities and implementation 
challenges 

 
To summarise the literature review findings and the outcomes of primary research activities, 
a comprehensive list of potential DM opportunities and implementation challenges is 
provided below. Potential DM opportunities include benefits and near-future trends collected 
from the literature, expert interviews, and the DM research seminar. These DM opportunities 
are going to be applied to address PSS implementation barriers already collected through 
the literature review. Despite the fact that not all DM benefits collected from literature were 
confirmed by experts and researchers, all of them are included in DM opportunities list in 
order to explore a complete potential of DM to tackle PSS barriers. However, DM future 
trends collected from literature without the time indication and not confirmed by the 
participants of primary research studies were not included in the final list of DM 
opportunities. This was done aiming to focus only on the future of DM for the next 10 years. 
All DM implementation challenges collected through literature and primary research will be 
considered as obstacles for DM opportunities in the next research step. Tables below 
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present complete lists of DM opportunities and DM challenges collected through the 
literature review, semi-structured expert interviews, and the DM research seminar. 
 
Table 4.10: A complete list of Distributed Manufacturing opportunities 

Category DM opportunities 

Lo
ca

lis
at

io
n  

of
 m

an
uf

ac
tu

rin
g  

1. Reduced delivery times 
2. Reduced transportation costs 
3. Reduced environmental impact of transportation 
4. Long-distance delivery of only blueprints and raw materials 
5. Last mile low-emission delivery implemented by companies to their customers 
6. A low capital cost of entry to distributed manufacturing network 
7. Facilitated movement and relocation of manufacturing facilities 
8. Re-evaluation of a global manufacturing network design 
9. Reduction of the number of intermediaries in the supply chain 
10. New business opportunities through scaling up production in various locations 
11. Open collaboration between companies potential 
12. Production carried out anywhere in the world using local resources and access to 

technologies 
13. Manufacturing in real time at the point of need 
14. Manufacturing units on the high street 
15. Production in clean environments (e.g. hospitals) 
16. Worldwide manufacturing facilities for maintenance and production of spare parts 
17. Better alignment between resource production and consumption 
18. Combination of production and entertainment in public manufacturing facilities 
19. Opportunity for developing countries to produce goods on their own demand 
20. Support of local crafts and craftsmanship 
21. The increased local employment rate 
22. A shift towards service-based business models 

Cu
st

om
er

-o
rie

nt
at
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n 

23. Company’s resilience to changes in demand 
24. Facilitated company’s enter to niche markets 
25. Small-scale manufacturing of only products required by customers 
26. Mass customisation and cost-effective bespoke production 
27. Reduced warehousing costs related to unsold products 
28. Improved way to know user needs 
29. Long-lasting company’s relationship with customers 
30. Education of consumers providing a better understanding of product production 

and use 
31. Educated customers able to use digital design tools 
32. Online platforms linking people with manufacturing needs with people who have 

solutions 
33. Free digital open-source blueprint libraries 
34. Customer involvement in the production of personalised products via the Internet 
35. New community-sharing places to learn skills: repair cafes, makerspaces, co-

working spaces, etc. 
36. Customer involvement in product development in public manufacturing facilities 
37. Distribution of knowledge and share of skills 
38. Open-source innovations encouraged by customer involvement 
39. Local customisation of the products 
40. Home manufacturing of products which are no longer produced by companies 
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41. Potential to produce products which large manufacturers consider as non-
profitable 

42. Personalised services supporting personalised products 
Ap

pl
ica

tio
n 

of
 te

ch
no

lo
gi

es
 

43. ICT-facilitated collaboration between geographically dispersed stakeholders 
44. Remote control of manufacturing equipment 
45. Machine to machine communication 
46. Cheap and powerful technology 
47. Spread of workloads across manufacturing units sharing the same standards 
48. Potential to offer technological knowledge instead of manufacturing service 
49. Improved production and services through the sensor technology 
50. Improved monitoring of stock and material flows through the sensor technology 
51. Improved product monitoring through the sensor technology 
52. Customer insights through the Big Data 
53. Improved development of future products through the Digital Brain 
54. Functional products achieved through the application of IoT 
55. Manufacturing of low cost, time, skills and low energy products 
56. Potential reduction of products’ time-to-market 
57. Small-scale production of more complex products 
58. Less material used at the point of manufacturing 
59. Less waste at the point of manufacturing 
60. Optimised product design 
61. Manufacturing of lightweight products 
62. Optimisation of recycling and closed-loop circular systems 
63. Potential to remanufacture, repair, refurbish existing products 
64. Low-cost desktop AM technologies equipped with advanced materials 
65. 4D printed product self-disassembly and self-repair 
66. Volume reduction of packed 4D printed products 

 
Table 4.11: A complete list of Distributed Manufacturing challenges 

Category DM implementation challenges 

Lo
ca

lis
at
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n 

of
 m

an
uf

ac
tu

rin
g 

1. Organisational mind-set needed to maintain operational transition towards DM 
2. A lack of a clear business model before running DM 
3. Greater responsibilities received by business managers 
4. Challenges in breaking a current manufacturing system 
5. A lack of financial support from governments (Inc. public manufacturing facilities) 
6. Limited independence of companies caused by other network units 
7. Potential processes fragmentation caused by offshoring and outsourcing of 

manufacturing operations 
8. Potentially fragile supply chains caused by geographical extension 
9. Challenges to sensibly adapt new manufacturing units to the local context 
10. Reduced efficiency of dispersed manufacturing processes 
11. Challenges regulating a large number of small production sites 
12. Challenges managing same quality and delivery at various manufacturing units 
13. Material waste in public manufacturing facilities 
14. A risk to move to the centralisation of DM platforms 

Cu
st

om
er

-
or

ie
nt

at
io

n 15. Potential conflicts within organisations caused by a disagreement about 
personalised offerings 

16. Challenges to identify user needs 
17. Challenges to encourage customers to adopt the new system of consuming and 

producing 
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18. Higher costs of personalised/ bespoke products and services 
19. The choice of location of public manufacturing facilities 
20. Limited manpower and capacity of DIY production 
21. Legal liability and responsibility for DIY production 
22. A risk to move from consumption of products to consumption of production 

Ap
pl

ica
tio

n 
of

 te
ch

no
lo

gi
es

 

23. Fitting new technologies into existing company’s production lines 
24. A lack of skilled experts to operate advanced technologies 
25. Challenges related to the training of employees 
26. High costs of adoption of new technologies 
27. Challenges related to information exchange between production sites 
28. A lack of official data-sharing agreements 
29. Cybernetic security and privacy issues 
30. The specific environment required for AM equipment 
31. Product design for manufacturing in a distributed manner 
32. Limited AM capabilities 
33. Limited choice and quality of materials for AM 
34. Issues related to energy consumption and toxicity of AM processes. 
35. The perception that components made in an additive way are not reliable 
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This chapter describes the scenario planning process carried out to develop DM applied to 
PSS near-future scenarios. The chapter is organised to discuss: 1] findings gained from the 
initial literature review carried out to identify a scenario definition, its planning methods, and 
visual representation elements; 2] adopted the DM applied to PSS near-future scenario 
development process; and 3] a complete list of the final set of the DM applied to PSS near-
future scenarios.  

 
 

5.1 Literature review on scenario development 
 

In order to integrate collected knowledge into comprehensive and meaningful scenarios, 
there is a need to review literature to identify a scenario definition and planning methods and 
to analyse existing scenario examples. The initial literature skimming using a combination of 
keywords Scenario, Planning, and Method shows that scenarios are widely used for 
strategic business planning (Gill, 2006; Lindgren and Bandhold, 2009; Wright and Cairns, 
2011; Ramirez and Wilkinson, 2016). This is particularly relevant for this PhD research since 
DM applied to PSS near-future scenarios intend to support the design process for the PSS 
business model development. In total 24 books, journal articles, and conference papers 
containing a combination of keywords Scenario, Planning, Future, Method, Design, and 
Sustainability have been reviewed.  
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5.1.1  Scenario definition 
 

“Scenarios are narratives of alternative environments in which today's decisions may be 
played out.” This scenario definition by Ogilvy and Schwartz (2004) describes a scenario in 
this thesis because it summarises the main purpose of DM applied to PSS near-future 
scenarios: help to generate ideas and make design decisions for PSS. In fact, a variety of 
scenario definitions have been proposed by a number of scholars. Several authors (Van der 
Heijden et al., 2002; van Notten, 2006; Wade, 2012) agree that a scenario is not made to 
predict the future: “In the scenario method, the idea of predicting the future is abandoned 
because the future is considered too uncertain.” (van der Duin, 2007). Rather, a scenario 
aims to logically present probable future events (Borjeson et al., 2006; Kok, 2009; Lindgren 
and Bandhold, 2009; Goodier and Soetanto, 2013) by introducing details about actors and 
environments in which they act (Nardi, 1992; Suri and Marsh, 2000; Carroll, 2000; Howard et 
al., 2002; Nielsen, 2004). Purposes of scenarios are to stimulate strategic conversation 
(Ogilvy, 2006) and facilitate the decision-making process in the present (Lelah et al., 2014). 
Table 5.1 provides some scenario definitions proposed by several scholars and, additionally, 
lists the elements included in each definition. Nearly all analysed scenario definitions include 
contexts, settings or environments in which activities and events happen over time. In 
addition, some scenarios emphasise users (human actors) with goals and objectives to 
achieve. 
 
Other elements included in some scenario definitions are possible/plausible future states, 
outcomes, and perspectives on past and present. 
 
Table 5.1: Some definitions of scenario 

Source Scenario definition Elements emerging from 
scenario definitions 

Nardi, 1992 

“A scenario is a description of a set of users, a work 
context, and a set of tasks that users perform or want 
to perform. <…> A scenario blends a carefully 
researched description of some set of real ongoing 
activities with an imaginative futuristic look at how 
technology could support those activities better.” 

Users 
Work context 
Tasks 
Activities 
Imaginative futuristic look 
Technology 

Suri and 
Marsh, 2000 

Scenarios refer to “descriptions of natural, 
constructed or imagined contexts for user-product 
interactions.” 

Natural, constructed, 
imagined contexts 
User-product interaction 

Carroll, 
2000 

“A scenario is a story with a setting, agents or actors 
who have goals or objectives, and a plot or 
sequence of actions and events.” 

Setting 
Agents / Actors 
Goals 
Objectives 
Plot 
Sequence of events 



5. DM APPLIED TO PSS NEAR-FUTURE SCENARIOS | 128 
 

Howard et 
al., 2002 

“Scenarios are ‘sketches’ of use that capture the 
context within which a system is used, the human 
actors involved and their objectives, the sequence of 
relevant actions and contingent outcomes. Though 
they can take many forms (e.g. storyboards, formal 
symbolic representations) typically they are encoded 
as textual ‘vignettes’, capturing a few moments in a 
user’s life.” 

System context 
Human actors 
Objectives 
Sequence of actions 
Contingent outcomes 
A moment in a user’s life 

Nielsen, 
2004 

“A scenario is a story about: a person who, in a 
context and in a specific situation, uses a system, 
with a particular goal.” 

Person 
Context / Situation 
System 
Goal 

Ogilvy and 
Schwartz, 
2004 

“Scenarios are narratives of alternative environments 
in which today's decisions may be played out.” Alternative environments 

Ogilvy, 2006 Scenarios are “just stories”, which work as a tool to 
provoke strategic conversation.   Just a story 

Borjeson et 
al., 2006 

Scenarios “can denote both descriptions of possible 
future states and descriptions of developments.” 

Possible future states 
Developments 

Kok, 2009 
Scenario is “a story about the future that can be told 
in both words and numbers, offering an internally 
consistent and plausible explanation of how events 
unfold over time.” 

Events over time 

Lindgren 
and 
Bandhold, 
2009 

“A scenario is well-worked answer to the question: 
“What can conceivably happen?” It is a “vivid 
description of plausible futures” that helps to reduce 
the complexity and understand the logic of future 
events.” 

Description of plausible 
futures 
Future events 

Wade, 2012 
“Scenarios are therefore stories that reveal how a 
certain future constellation of market and 
environmental factors would look and feel.” 

Constellation of market 
Environmental factors 

Goodier and 
Soetanto, 
2013 

“A scenario is a storyline comprising a range of 
interconnected and uncertain future events and their 
possible consequences.” 

Future events 
Consequences of future 
events 

Lelah et al., 
2014 

Scenarios are descriptions of possible futures that 
reflect different perspectives on the past, present and 
the future in order to improve the quality of decision 
making. 

Perspectives on the past, 
present, and future 
 

 

5.1.2  Scenario planning methods 
 

Evans (2003) summarises that only appropriately designed scenarios can work as a tool and 
help their users to make strategic decisions. The author suggests that the information within 
scenarios must be presented in a neat and organised way avoiding disparate threads of 
information, so it can be applied by different individuals and organisations. Likewise, DM 
applied to PSS near-future scenarios aim at supporting multiple user groups, including 
industrial companies and individual design practitioners. In order to build well organised 
practically applicable scenarios supporting idea generation, it is important to overview some 
of the existing scenario planning techniques. 
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Various scenario planning methods have been proposed to facilitate scenario development. 
Delphi method, which can be used as a scenario building technique (Rowe and Wright, 
1999) include multiple iterations of expert interviews in order to build validated scenarios. 
Lindgren and Bandhold (2009) describe TAIDA method compiled of five steps: tracking, 
analysing, imaging, deciding, and acting. A scenario thinking method by Wright and Cairns 
(2011) created to be carried out in a group, focus on a step-by-step approach from defining 
an issue and a scenario timescale to scoping and developing actual scenarios. The following 
paragraphs briefly introduce three scenario planning methods which elements have been 
applied to developing scenarios for this research. Additionally, the choice of each method 
and their influence on DM applied to PSS near-future scenario development are also 
outlined. 

 
1) Manzini and Jégou (2000) introduce Design Oriented Scenarios (DOS) as a framework 

for “design and realisation of new products and product-service systems”. DOS 
development process can be 1] inductive (bottom-up approach, with scenarios being 
constructed from a set of initial creative ideas (collected knowledge) and, later, 
clustered and mapped on polarities selected by the user, e.g. in – out, collective – 
individual, etc.) or 2] deductive (top-down approach, with the scenario building process 
starting from selected polarisation, with scenarios being constructed around these 
polarities) (Figure 5.1). This method by Manzini and Jégou (2000) is particularly 
relevant to this thesis because of its focus on Product-Service Systems. Since DM 
applied to PSS near-future scenarios will later be integrated into a design toolkit, 
categorisation and applicability are crucial. For this reason, the inductive (bottom-up) 
approach is selected to be applied in this research. Developed near-future scenarios 
will be organised around polarities in order to facilitate decision making and idea 
generation processes. 
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Figure 5.1: Inductive and deductive scenario development processes (Manzini and Jégou, 2000) 
 

2. Lelah et al. (2014) study scenario importance for sustainable PSS development and 
highlight that “scenarios are a convenient tool for building a shared picture of the 
desired PSS and clarify the actors’ interaction”. The process of decision making for 
scenario building for PSS development is described in three steps: 1] Defining the 
problem; 2] Formulation of decision choices; and 3] Assessment model (Figure 5.2). 
What is more, the authors also pay particular attention to life cycles phases, including 
product, service and user life cycles, which must be considered in sustainable PSS 
scenario development. Lelah et al. (2014) highlight that creativity and high-quality 
visual representation must be key considerations for PSS scenario development. 
Likewise, the method by Manzini and Jégou (2000), this scenario development 
process focusses particularly on PSS and is relevant to this research. Scenario 
development for this thesis is framed according to all three stages proposed by Lelah 
et al. (2014): defining the problem (i.e. getting familiar with existing PSS 
implementation barriers); formulating decision choices (i.e. application of DM 
opportunities as alternative problem solutions) and assessing the model (i.e. near-
future scenario evaluation and validation according to chosen criteria). Furthermore, 
PSS life cycle stages have been selected as one of the categories for the classification 
of DM applied to PSS near-future scenarios. 
 

WORKSHOP PROCESS

DESIGN ORIENTING SCENARIOS

INDUCTIVE PROCESS DEDUCTIVE PROCESS

tentative solutions 
emerging from a 

brainstorming 
session

list of possible 
polarisations within the 
current product-service 
system

combination of two 
promising polarities 
toward the project 
objectives

tentative solutions 
emerging from the four 
areas described by the 
polarity diagram

polarities emerging 
from the clustering 

of the promising 
solutions

polarities diagram 
presenting the core 

vision of four 
promising scenarios

related cluster of 
characteristic 
product-service 
system ideas

“polarity diagram” 
with a set of 

scenario concepts
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Figure 5.2: A case study by Lelah et al. (2014) applying three-step scenario development 

 
3. Goodier and Soetanto (2013) propose a method of cognitive mapping to be used for 

future scenario development. According to the authors, cognitive maps can support the 
development of future scenarios by providing a graphical representation of the 
sequential order of future events and their outcomes. The method of cognitive 
mapping can be used for arranging already identified elements needed for scenario 
development: trends, opportunities and other events can be systematically mapped in 
an empty space between present issues and desirable futures. The cognitive mapping 
method has been identified as particularly beneficial for the DM applied to PSS near-
future scenario development because of two reasons. Firstly, the initial aim of the 
method corresponds with the aim of the near-future scenarios: to address present 
issues (i.e. PSS implementation) with trends and opportunities (DM potential) in order 
to create desirable futures (DM applied to PSS near-future scenarios). Secondly, the 
method facilitates the organisation of large amount of data (in this case collected PSS 
implementation barriers and DM opportunities and challenges) by interacting with it 
physically or digitally (Figure 5.3). The detailed application of the cognitive mapping 
method is described in Section 5.2. 
 

    
 

Figure 5.3: Data arranged using cognitive mapping: manually and applying a computer program 
(from Goodier and Soetanto, 2013) 
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5.1.3  Analysis of scenario elements 
 

This section narrates the analysis of 9 reports comprising existing examples of future 
scenarios. The aim of the analysis is to identify what elements other researchers used for 
communicating main information about future scenarios. The selection of the reports for the 
analysis was based on their relevance to this PhD research since all of the reports address 
sustainability-related issues. Examples of future scenarios vary in length, focal points, and 
complexity, thus providing a great range of characteristics which will later be considered in 
the development of DM applied to PSS near-future scenarios. The table below presents the 
list of the analysed reports and their focus areas. 
 
Table 5.2: Scenario examples 

No Title and references Topic / Details 

1 
Tackling Obesities: Future Choices – 
Visualising the Future: Scenarios to 2050 
(Government Office for Science, 2007) 

4 plausible scenarios with particular reference to 
health and obesity in the UK. 

2 

SPREAD Sustainable Lifestyles 2050. 
Visual material presenting emerging best 
practices and emerging visions on 
sustainable lifestyles. The emerging 
visions. Part 2 (Corubolo, 2011) 

4 visions (scenarios) of plausible sustainable 
lifestyle future comprised of 32 idea cards. 

3 Energy to 2050. Scenarios for a 
Sustainable Future (Virdis, 2003) 

3 exploratory scenarios addressing critical 
energy questions and policy issues. 

4 
Sustainable Street 2030. Corpus toolkit for 
collaborative scenario building. (Jégou et 
al., 2013) 

24 strategies (mini scenarios) divided into 6 sub-
scenarios imagining the future of street food.  

5 
Scenarios 2040. Results from the second 
year of Visions and Pathways 2040: 
Scenarios of Low Carbon Living (Ryan, 
2016) 

4 end-state scenarios describing the future of 
low carbon living in southern Australian cities.  

6 
Fashion Futures 2025: global scenarios for 
a sustainable fashion industry (Forum for 
the Future, 2010) 

4 scenarios tackling challenges of the modern 
fashion industry. 

7 
Consumer futures 2020. Scenarios for 
tomorrow’s consumer (Forum for the 
Future, 2011) 

4 plausible scenarios exploring how patterns of 
consumption and consumer behaviour may have 
changed by 2020. 

8 Retrofit City Futures: Visions for Urban 
Sustainability (Eames et al., 2013) 

3 visions (scenarios) describing how sustainable 
future may look like for core UK city regions. 

9 4 Future scenarios for New Zealand 
(Taylor et al., 2007) 

4 scenarios exploring geopolitical and economic 
changes in New Zealand by 2055. 

 
It is important to highlight that the data for the scenario development for this PhD research 
are already gathered and existing scenario examples are analysed paying particular 
attention to communication elements rather than contents. Below are the analysis and the 
summary of scenario elements from each report. 
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1) Tackling Obesities: Future Choices – Visualising the Future: Scenarios to 2050 (Figure 
5.4) 

Four scenarios presented in this report are constructed around two-by-two axes illustrating 
Nature of Responsibility and Values. Each scenario takes between 9 and 11 pages and 
contains the following elements:  

1] A title, a short introduction, and a cover image; 
2] A summary over time based on a 2010-2050 timeline; 
3] A detailed description according to key elements; 
4] A feedback from someone who looks at the scenario back from 2050; 
5] A comprehensive summary of impacts of the scenario on obesity levels, based on the 

scale from -3 to +3. 
 

   
Figure 5.4: One of the scenarios extracts from Tackling Obesities (Government Office for Science, 2007) 

 

2) SPREAD Sustainable Lifestyles 2050. The emerging visions. Part 2 (Figure 5.5) 
Four individual visions presented in this report are treated as scenarios. Each vision 
contains 4 pages and can be summarised with the following features: 

1] A title and a short introduction based on pillars or key-concepts of each vision; 
2] A persona presenting a day-in-life narrative; 
3] A hand-drawn image illustrating and describing a narrative; 
4] 8 idea cards which inspired the vision narrative and can be used as a tool for engaging 

partners and external experts. Each card contains a short narrative presented by a 
persona, an explanation of how a narrative works, an image and some empty space 
for comments. 
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Figure 5.5: One of the scenarios extracts from SPREAD Sustainable Lifestyles 2050 (Corubolo, 2011) 

 
3) Energy to 2050. Scenarios for a Sustainable Future (Figure 5.6) 

Three exploratory scenarios described in this report are formed around two axes: 
Technological change and Attitudes towards the global environment. Furthermore, the 
common features of all scenarios are summarised. Each scenario takes between 11 and 14 
pages and comprises of the following elements: 

1] A title and a short introduction; 
2] A scenario position on a two-axis diagram; 
3] A detailed overview of the situation in periods between 2000 and 2025, 2025 and 

2035, as well as 2035 and 2050 in both developed and developing countries. 
 

  
Figure 5.6: One of the scenarios extracts from Energy to 2050 (Virdis, 2003) 

 
4) Sustainable Street 2030. Corpus toolkit for collaborative scenario building. (Figure 5.7) 

The report describes 6 sub-scenarios. Each sub-scenario takes 5 pages and contains the 
following components: 

1] A title and a brief description; 
2] 4 strategy cards providing snapshots of the future. Each card presents an image and a 

short description. 
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Figure 5.7: One of the scenarios extracts from Sustainable Street 2030 (Jégou et al., 2013) 

 
5) Scenarios 2040. Results from the second year of Visions and Pathways 2040: 

Scenarios of Low Carbon Living (Figure 5.8) 
Four scenarios presented in the report are constructed around two key dimensions and 
ranked by changes they potentially deliver. Each of four scenarios occupies 5 pages and 
can be summarised with the following components: 

1] A title, keywords and a summary of key changes addressed in a scenario; 
2] A description enriched with quotes from experts; 
3] 3 snapshots providing three different points of view of the same scenario, briefly 

described and illustrated with detailed images; 
4] A narrative from a persona living in a future scenario. 

 

  
Figure 5.8: One of the scenarios extracts from Scenarios 2040 (Ryan, 2016) 

 
6) Fashion Futures 2025: global scenarios for a sustainable fashion industry (Figure 5.9) 

The report includes four scenarios framed on the two-by-two axes diagram. Each scenario 
contains 7 pages and the features listed below: 

1] A title and a short introduction; 
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2] A timeline with facts influencing the fashion industry from 2012 to 2024; 
3] A short summary of the scenario with a life cycle of fashion products; 
4] A description of the external context of the world in 2025 divided into five categories; 
5] A clothing supply chain in 2025 based on a product life cycle; 
6] A project of students from the London College of Fashion addressing the scenario. 
 

  
Figure 5.9: One of the scenarios extracts from Fashion Futures 2025 (Forum for the Future, 2010) 

 
7) Consumer futures 2020. Scenarios for tomorrow’s consumer (Figure 5.10) 

Four scenarios listed in the report are constructed around trends which have the greatest 
impact of the future and mapped on the two-by-two axes diagram. The length of scenarios is 
between 12 and 14 pages and they consist of the following elements: 

1] A title and a position on a diagram; 
2] A short summary; 
3] A set of indicators setting the context for the scenario; 
4] A timeline of events from 2013 to 2020; 
5] A list of products and services within the scenario; 
6] A hand-drawn cartoon providing a step-by-step scenario illustration; 
7] An overview of a situation nowadays based on geopolitical and economic aspects; 
8] A description of a desirable situation; 
9] A hand-drawn step-by-step case study illustrating a desirable situation. 
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Figure 5.10: One of the scenarios extracts from Consumer futures 2020 (Forum for the Future, 2011) 

 
8) Retrofit City Futures: Visions for Urban Sustainability (Figure 5.11) 

Three visions described in this report are treated as scenarios. Visions are presented within 
two key dimensions describing the possibility space. Each vision takes 5 pages and 
comprises the following elements: 

1] A title and a cover image; 
2] A short introduction; 
3] A schematic drawing presenting key elements of the scenario; 
4] A description divided into four categories; 
5] A cover image enriched with key elements. 
 

  
Figure 5.11: One of the scenarios extracts from Retrofit City Futures (Eames et al., 2013) 

 
9)  4 Future scenarios for New Zealand (Figure 5.12) 

All four scenarios described in this report are located and distinguished on two-by-two axes 
presenting Resources and Identify. Summary of driver differences, environmental-related 
trends, and technological focus in each scenario are also provided. Each scenario occupies 
between 11 and 14 pages and contains the following features: 
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1] A title and a brief overview of an existing situation; 
2] A scenario position on the two-by-two axes diagram; 
3] Voices of participants of the scenario building workshop including positive and 

negative approaches; 
4] A detailed description of the scenario context based on geopolitical and economy-

related topics; 
5] A summary of key issues and implications for sustainable development. 

 

  
Figure 5.12: One of the scenarios extracts from 4 Future scenarios for New Zealand (Taylor et al., 2007) 

 
It can be summarised that all of the analysed future scenario examples contain a title and a 
brief introduction to the main scenario idea. Another significant visual communication 
element used in almost all of the scenarios is an image or a hand-drawn illustration. Seven 
out of nine scenarios are constructed around particular topics and mapped on diagrams 
providing the overall picture of focus areas scenarios address. Four analysed future 
scenarios provide a detailed sequence of events within each scenario presented on a 
timeline. Other notable elements used in scenario development include a narrative and a 
future persona, a scenario division into shorter and more detailed snapshots, an overview of 
an existing situation, and a summary with key benefits scenario conveys. 
 
Each analysed future scenario example takes between 4 and 14 pages, includes a large 
amount of textual information, and requires its reader to spend a considerable amount of 
time comprehending each scenario. Scenarios developed for this PhD research are going to 
be integrated into a design toolkit and used to support idea generation activities in 
companies and design agencies. Therefore, scenarios must be visual, concise, and easy to 
comprehend by users in a short amount on time. For keeping scenarios brief, 6 elements 
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identified from the majority of the scenario examples are considered to be included in DM 
applied to PSS near-future scenarios: 
 

1] A title and a brief introduction (represents the key idea of the scenario); 
2] An image (visualises the narrative of the scenario); 
3] Polarities or diagrams for scenario categorisation (illustrates areas tackled by 
scenarios); 
5] A short narrative (provides the narrative of the scenario); 
6] Summary of key benefits (explains the advantages of the scenario). 

 
 

5.2 Scenario building process: coupling existing PSS 
implementation barriers with potential DM opportunities and 
challenges 

 
This section presents the process of how the initial set of the DM applied to PSS near-future 
scenarios was built. 48 PSS implementation barriers (collected through the literature review, 
Section 2.1.4) and 66 DM opportunities with 35 related challenges (collected through the 
literature review and primary research activities, Section 4.4) were used to develop DM 
applied to PSS near-future scenarios. 
 
In order to arrange a large amount of the collected data in a meaningful way, the theory 
building approach by Meredith (1993) has been applied. The aim of the theory building is to 
define relationships between events and studies, reasons for which these relationships exist 
and their potential influences (Meredith, 1993; Wacker, 2008). Therefore, relationships 
between collected PSS implementation barriers and DM opportunities and challenges have 
been defined to develop new insights. This has been done by matching all PSS 
implementation barriers with DM opportunities and challenges in all possible combinations: 
each identified PSS barrier was systematically coupled with each individual DM opportunity 
to understand if the latter could tackle the former. Logical pairings were described in short 
scenarios narrating specific DM opportunities and their application for PSS implementation, 
with multiple scenarios addressing individual barriers, as well as multiple barriers being 
addressed in individual scenarios. 
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In order to control the overwhelming scenario building process (in total 3,876 DM and PSS 
pairings can be made from the collected data) a previously introduced cognitive mapping 
method has been applied (Goodier and Soetanto, 2013). According to this method, 
opportunities, trends, challenges, and other collected data have to be mapped in an empty 
space between present issues and desirable futures. PSS implementation barriers were 
identified as the undesirable situation that needs to be addressed. Desirable futures – actual 
DM applied to PSS near-future scenarios – represented improved PSS implementation. 
Collected DM opportunities (and challenges) are named as a link between present issues 
and desirable futures. Each of PSS barriers, DM opportunities, and challenges were printed 
on individual pieces of paper to facilitate physical interaction with data and visually express 
links between DM applied to PSS pairings (Figure 5.13). 
 

 
Figure 5.13: An example of the development of two scenarios using the cognitive mapping method 

 
It is important to mention that 35 out of 48 collected PSS barriers were addressed in 
scenarios. The remaining could not be addressed, because DM opportunities were not able 
to tackle them. As a result, 98 DM applied to PSS near-future scenarios have been 
developed. However, during the revision process some scenarios were identified as similar 
and merged into one, others were discarded as redundant, aiming to have a range of 
original scenarios describing diverse solutions. Finally, the revision helped to finalise the first 
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set of 35 near-future scenarios illustrating up to ten years future of DM-enabled PSS. 
However, the initial set of scenarios has been updated after being integrated into the design 
toolkit and evaluated through the three rounds of empirical applications (Chapter 6). The 
next section discusses only the final list of DM applied to PSS near-future scenarios 
composing the final version of the design toolkit. The initial list of 35 near-future scenarios is 
provided in Appendix I. 
 
 

5.3 DM applied to PSS near-future scenarios 
 

The description of each scenario presented in this chapter includes 1] a brief scenario 
narrative describing DM opportunities; 2] PSS implementation barrier(s) scenario addresses; 
and 3] challenges linked to adopting DM opportunities. 
 
The table below presents scenario titles categorised according to four PSS life cycle stages: 
Design, Material production and Manufacturing, Use, and End-of-life. Some scenarios 
address more than one PSS life cycle stage. This categorisation has been selected based 
on previously introduced Lelah et al. (2014) study, in which the focus on life cycle stages is 
presented as a fundamental feature of PSS scenario development. Additionally, in order to 
illustrate areas which scenarios tackle, all DM applied to PSS near-future scenarios have 
been classified on the diagram according to PSS and DM attributes (Figure 5.14). The 
scenarios were categorised according to already introduced PSS life cycle stages and three 
DM features described in Section 2.2.1: Manufacturing localisation, Customer-orientation 
and Enabling technologies. The same scenario categorisation is applied in the final version 
of the design toolkit aiming to support the idea generation using near-future scenarios 
(Section 6.10). Numbers mapped on the diagram represent the scenarios described below. 
 
Table 5.3: PSS life cycle stages addressed by DM applied to PSS near-future scenarios 

PSS life 
cycle stage DM applied to PSS near-future scenarios 

Design 
 

1. Facilitated implementation of PSS businesses 
2. Comparison between PSS and traditional product-based solutions 
3. PSS solutions created by customers in PSS makerspaces 
4. Collaboration between PSS producers/providers and customers in 
makerspaces 
5. Customisation of existing PSS solutions carried out by customers 
6. Personalised PSS solutions designed by customers themselves 
7. Entirely bespoke PSS solutions created for each customer 
8. PSS solutions available on the high street 
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9. Reduced material usage enabled by complex geometries of PSS products 
10. Reduced number of materials needed to produce PSS products 
11. Design of self-(dis)assembling PSS products 
12. Design of self-repairing PSS products 
13. Design of lightweight PSS products  
14. Simplified components for remanufacturing of PSS products 
15. Improved development of future PSS through the user monitoring 
16. Maintenance of PSS products predicted through historical data 

Material 
production and 
Manufacturing 

8. PSS solutions available on the high street 
9. Reduced material usage enabled by complex geometries of PSS products 
10. Reduced number of materials needed to produce PSS products 
11. Design of self-(dis)assembling PSS products 
12. Design of self-repairing PSS products 
13. Design of lightweight PSS products 
14.  Simplified components for remanufacturing of PSS products 
17. Reduced waste production 
18. Home manufacturing of personalised parts of PSS products 
19. Outsourced manufacturing for localised production of PSS solutions 
20. Remote control of manufacturing equipment 
21. Manufacturing kit for local production of PSS solutions 
22. Blueprints of PSS products available in makerspaces 
23. Simplified upgrade of PSS products 
24. Production and support of PSS solutions carried out by local artisans 
25. Reduced number of supply chain actors 
26. Simplified transportation through local manufacturing 
27. Manufacturing ran by customers, service provision carried out by PSS 
producers/providers 
28. Reverse engineering for remanufacturing of components of PSS products 

 
Use 

11. Design of self-(dis)assembling PSS products 
12. Design of self-repairing PSS products 
13. Design of lightweight PSS products 
14. Simplified components for remanufacturing of PSS products 
15. Improved development of future PSS through the user monitoring 
16. Maintenance of PSS products predicted through historical data 
19. Outsourced manufacturing for localised production of PSS solutions 
20. Remote control of manufacturing equipment  
21. Manufacturing kit for local production of PSS solutions 
22. Blueprints of PSS products available in makerspaces 
23. Simplified upgrade of PSS products 
24. Production and support of PSS solutions carried out by local artisans 
25. Reduced number of supply chain actors 
26. Simplified transportation through local manufacturing 
27. Manufacturing ran by customers, service provision carried out by PSS 
producers/providers 
28. Reverse engineering for remanufacturing of components of PSS products 
29. Educated customers with knowledge about PSS benefits and maintenance 
30. Monitoring of PSS products carried out by customers and PSS 
producers/providers  
31. Monitoring of hygiene of PSS products carried out by customers 
32. Identification of manufacturing facility located closest to the customer 
33. Upgrade of PSS products with personalised parts  
34. Home assemble and maintenance of PSS products using a DIY kit  
35. Maintenance of PSS products carried out by customers at home  
36. Maintenance of PSS products carried out by PSS producers/providers in 
makerspaces  
37. Production of spare parts of PSS products carried out in a mobile factory 
38. Monitoring of PSS products for their end-of-life 
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End-of-life 

25. Reduced number of supply chain actors 
26. Simplified transportation through local manufacturing 
27. Manufacturing ran by customers, service provision carried out by PSS 
producers/providers 
28. Reverse engineering for remanufacturing of components of PSS products  
38. Monitoring of PSS products for their end-of-life 
39. Simplified collection of PSS products at their end-of-life 
40. Transformation of obsolete PSS products into personalised solutions  

 
 

 
Figure 5.14: A classification of DM applied to PSS near-future scenarios 

 

1. Facilitated implementation of PSS businesses 
SMEs that wish to be part of PSS offers are able to collaborate with companies that already 
provide PSS solutions. This allows SMEs to get integrated into bigger value chains and 
develop networks: SMEs provide products and service locally and help bigger companies to 
access new geographical locations. 
Collaboration with successful PSS producers/providers enables SMEs to get involved in 
PSS provision without significant financial resources. 
However, collaborating companies have to consider challenges related to information 
exchange, potential issues with monitoring and control of manufacturing and service 
provision processes in multiple geographical locations. 
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2. Comparison between PSS and traditional product-based solutions 
PSS producers/providers supply sensors for customers who are not yet sure whether they 
should choose PSS instead of traditional product-based solutions. Sensors applied to 
customers’ products show energy consumption and life cycle costs. Data collected from 
sensors are sent to PSS producers/providers, so they are able to offer the best suitable PSS 
solution as a replacement of the owned product. 
This scenario tackles a number of PSS implementation barriers. A traditionally-owned 
product monitoring helps PSS companies to learn about the use stage of products, including 
energy consumption and customer behaviour. This information can be applied to designing 
and pricing new PSS solutions. From the customer point of view, PSS “package” is often 
perceived as being more expensive. Information provided by sensors can help customers to 
learn about product life cycle costs and compare expenses required for traditional versus 
PSS solutions. 
However, PSS companies what wish to adopt monitoring technologies have to be ready to 
invest in its fitting into the existing company’s business processes, maintenance, and 
upgrade. Application of advanced monitoring technologies can cause privacy issues related 
to company’s and customer’s data. 
 

3. PSS solutions created by customers in PSS makerspaces 
PSS producers/providers own geographically dispersed makerspaces established for 
customers interested in developing PSS solutions. Such makerspaces are equipped with 
rapid prototyping technology and “Service Innovation Corner” where customers can 
prototype products and services. 
This scenario addresses the PSS implementation barrier faced by PSS producers/providers 
who find it challenging to develop PSS for a specific local context and culture. Customer 
involvement in PSS design in local facilities potentially collaborating with local community 
members can help PSS companies to identify the real needs of their customers.  
However, PSS companies are required to invest in such makerspaces which must be 
sensibly adapted to local contexts. Encouraging customers to get involved in PSS design 
may also be challenging. 
 

4. Collaboration between PSS producers/providers and customers in 
makerspaces 
Open access makerspaces help people to learn skills needed to design and develop new 
products and services. PSS companies use public makerspaces for the development of new 
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PSS solutions. PSS producers/providers invite customers to co-design sessions in order to 
co-create products and services. 
This scenario addresses the PSS implementation barrier of PSS companies finding it 
challenging to define customers’ needs and service acceptance behaviour. Moreover, direct 
collaboration with PSS producers/providers may help customers to build the trust required 
for PSS acceptance. Finally, possible misunderstandings which can appear between PSS 
producers/providers and customers can be solved during co-design sessions. 
However, PSS companies that wish to collaborate with their customers in public 
makerspaces have to consider limited independence caused by rules and regulations of 
public makerspaces. Moreover, it may be challenging for companies to encourage 
customers to spare their time and get involved in PSS design. 
 

5. Customisation of existing PSS solutions carried out by customers 
PSS companies establish open-source online libraries containing design files of PSS 
solutions. PSS customers are able to access these libraries, modify product designs 
according to their needs, send the production request to a local manufacturing facility, and 
specify services that best support the use of requested products. 
This scenario enables PSS producers/providers to better define customers’ needs and 
provide only the required products and services. On the other hand, customers who find it 
challenging to overcome the cultural shift needed to accept ownerless consumption may find 
it easier to accept personalised PSS solutions in which development process they got 
personally involved. 
However, by releasing the blueprints of PSS designs open-source PSS producers/providers 
risk to get them copied illegally. Encouraging customers to use digital tools and get involved 
in designing PSS solutions can also be challenging. 
 

6. Personalised PSS solutions designed by customers themselves 
PSS companies invite customers to design PSS solutions. Those customers who are skilled 
in using digital design tools are able to send files of their unique PSS designs to PSS 
producers/providers in order to receive products and services made particularly for them. 
Customer involvement in PSS design processes addresses multiple PSS implementation 
barriers. By receiving unique PSS solutions designed by customers, PSS companies are 
capable to identify real customer needs and deliver only relevant PSS. Customers who 
appreciate individualisation and self-expression through owned goods are more likely to 
accept PSS solutions made on-demand. 
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However, PSS companies must encourage customers to get involved in PSS design or even 
provide training to those customers who lack skills using digital design tools. Moreover, it is 
likely to be challenging for PSS companies to manage the production of a large amount of 
custom-made PSS solutions. Finally, security issues related to intellectual property rights of 
PSS designs proposed by customers may occur. 
 

7. Entirely bespoke PSS solution created for each customer 
PSS companies offer bespoke products for a long-term lease made on-demand according to 
particular customer needs. PSS customers have a chance to use custom-made products 
without owning them. 
This scenario addresses PSS acceptance from the customer’s perspective. Bespoke 
product (with bespoke services) offered to a customer for a long-term lease may be more 
satisfying and encouraging to accept ownerless consumption. Moreover, customers may 
also be more likely to take better care of a product made particularly for them. 
However, customers must be ready to be charged a higher price for bespoke products and 
services compared to standard PSS solutions. PSS companies can find it challenging to 
identify the real needs of their customers. 
 

8.

 

PSS solutions available on the high street 
Manufacturing of products and provision of services are offered by PSS companies in 
spaces easy to reach by customer. “PSS cafés” equipped with advanced manufacturing 
technologies are placed in cafés, shopping malls, and public libraries. Customers are able to 
visit such spaces to order personalised products and service. 
From the PSS company’s point of view, the application of this scenario makes it easier for 
PSS producers/providers to stay close to their customers, identify their needs and provide 
only required products and services. The “PSS cafés” implementation in public spaces can 
potentially facilitate PSS acceptance from customers’ perspective, because of PSS solutions 
being as easy to access as everyday shopping. 
However, it can be challenging for PSS companies to control a large number of small 
production facilities. Customer can expect to be charged higher prices for personalised 
solutions received on the high street compared to traditionally mass-produced equivalents. 
 

9. Reduced material usage enabled by complex geometries of PSS products 
Specifications of Additive Manufacturing technology enable PSS companies to design and 
manufacture PSS products with complex geometries. Products made using Additive 
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Manufacturing are stronger and more durable. At the same time, the amount of materials 
needed to produce a product is reduced. 
This scenario aims at supporting PSS companies in quantifying environmental savings and 
sustainability benefits of PSS solutions. Reduced amount of materials may reduce prices of 
PSS. Furthermore, more durable products require less maintenance. 
However, the adoption of AM technologies requires a high initial investment from PSS 
companies and expenses linked to their maintenance and upgrade. AM technologies are still 
limited and there is a perception that 3D printed components are not as reliable as mass 
manufactured ones. Finally, PSS companies what wish to adopt AM technologies may face 
challenges related to training of employees who are required to operate advanced 
manufacturing equipment. 
 

10. Reduced number of materials needed to produce PSS products 
The application of Additive Manufacturing technology enables the simplified design of 
products using fewer types of materials. As a result, a reduced number of types of materials 
can help PSS companies to streamline their supply chains. 
This scenario tackles the challenge of PSS companies to quantify environmental savings 
through decreasing material flows in the PSS production. 
However, like in other AM-related scenarios, the adoption of AM technologies requires a 
high initial investment and costs of maintenance and upgrade. Moreover, a set of knowledge 
and skills are required from PSS personnel in order to design products with fewer types of 
materials and operate AM equipment. AM capabilities and material choice are still limited 
and the perception that 3D printed components are not reliable may prevent customers from 
accepting them. 
 

11. Design of self-(dis)assembling PSS products 
Additive Manufacturing and stimulus-responsive materials enable PSS companies to 
produce flat products with embedded transformations. So-called 4D printing process allows 
producing compact products which when submerged in water or heat fold themselves into 
final PSS products. 
Self-(dis)assembling products can improve PSS logistics. By adopting 4D printing 
technologies PSS companies reduce environmental burden linked to transportation of PSS 
products, their components, and service provision. 
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However, AM technologies and stimulus-responsive materials require a high initial 
investment. There is still a lack of knowledgeable and skilled people able to design 
responsive products and operate 4D printing equipment. 
 

12. Design of self-repairing PSS products 
Specifications of Additive Manufacturing technologies enables the development of long-
lasting products. 4D printing using stimulus-responsive shape memory polymers and metals 
can be programmed to self-replicate themselves in response to external environmental 
conditions. In this way, PSS products made of responsive materials can self-repair 
themselves. 
This scenario tackles multiple PSS implementation barriers. First of all, the deployment of 
self-repairing PSS products reduces customer concerns related to ruining or damaging 
accessed products. Secondly, responsive materials reduce the need for maintenance 
services and spare parts and environmental impact of service provision linked to 
transportation. 
However, as in the previous scenario, AM technologies and shape memory materials require 
a high initial investment from PSS provides. There is still a lack of knowledgeable and skilled 
people able to design responsive products and operate 4D printing equipment. Long-lasting 
and durable products may be expensive to manufacture by PSS companies and to afford by 
their customers. 
 

13. Design of lightweight PSS products 
The application of Additive Manufacturing technologies reduces resource consumption, at 
the same time enabling the production of lightweight product components. By offering 
lightweight products PSS companies reduce energy consumption during the use stage of 
products and make the material production and the disposal stages more environmentally 
beneficial. 
This scenario addresses PSS company’s concerns of lowering environmental burden at the 
same time providing high-performance PSS to their customers. By decreasing energy and 
other resource consumption PSS companies may be able to reduce the prices of PSS 
solutions. 
However, the adoption of AM technologies requires a high initial investment and costs linked 
to their maintenance and upgrade. Moreover, a set of knowledge and skills are required from 
PSS personnel in order to design lightweight products and operate advanced manufacturing 
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equipment. AM capabilities and material choice are still limited and the perception that 3D 
printed components are not reliable may prevent customers from accepting them. 
 

14. Simplified components for remanufacturing of PSS products 
Products made for ownerless consumption must be easy to maintain, repair and 
remanufacture. The implementation of Additive Manufacturing technologies brings the 
potential to create products made of components which can be easily taken apart, reused, 
and remanufactured, at the same time facilitating maintenance services and extending the 
lifespan of products. 
The application of Additive Manufacturing equipment allows PSS companies to gain 
knowledge about the design of products for ownerless consumption. The adoption of AM 
technologies enables PSS companies to overcome barriers linked to difficulties producing 
spare parts for product maintenance and concerns related to careless customer behaviour. 
However, the adoption of AM technologies requires a high initial investment from PSS 
companies and expenses linked to their maintenance and upgrade. Capabilities and range 
of materials used in AM technologies are still limited and there is a perception that 3D 
printed components are not as reliable as mass manufactured ones. PSS companies what 
wish to adopt AM technologies may face challenges related to training of employees who 
are required to operate advanced manufacturing equipment. 
 

15. Improved development of future PSS through the user monitoring 
Sensors applied to PSS products enable PSS producers/providers to collect data about the 
user behaviour while using the PSS product. This data is then sent directly to the 
manufacturing facility in order to make improvements to the future PSS: make it more user-
friendly, durable, and attractive. 
This scenario tackles PSS implementation barriers related to customer acceptance. Data 
collected through user monitoring help PSS companies to learn how to design user-friendly 
PSS solutions with long-term commitments. Monitoring also enables PSS companies to 
identify real customer needs and deliver only relevant PSS in the future. 
However, sensor technologies can be expansive to implement, maintain, and upgrade for 
PSS companies. Moreover, the user monitoring can cause privacy issues related to 
customer’s data. 
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16. Maintenance of PSS products predicted through historical data 
Sensors are applied to products included in PSS solutions in order to track product 
performance and predict the need for maintenance services. Sensors collect data over time, 
store it in a cloud, and help PSS companies to use it in order to improve the future product 
performance and reduce maintenance costs. 
This scenario helps PSS companies to gain knowledge on how to design long-lasting and 
easy-to-maintain products for ownerless consumption. Moreover, sensors provide PSS 
companies with data about life cycle costs and help service providers to price future PSS. 
Finally, monitoring technologies enable PSS companies to get familiar with PSS acceptance 
behaviour of their customers and to design solutions to meet specific needs. 
However, PSS companies that wish to adopt sensor technologies have to be ready for a 
high initial investment and expenses needed for their maintenance and upgrade. Application 
of monitoring technologies can cause privacy issues related to company’s and customer’s 
data. 
 

17. Reduced waste production 
Specifications of Additive Manufacturing technologies enable the efficient use of 
manufacturing resources. Additive Manufacturing allows extraction of the amount of material 
only needed to make a product with minimum or no waste produced. 
This scenario tackles the PSS companies’ concerns of delivering PSS solutions with a 
higher or equal level of performance than traditional product-based solutions, at the same 
time reducing the environmental impact through decreased material flows in the PSS 
production. 
However, in order to adopt the waste-free production, PSS companies must be ready to 
invest in AM technologies, their maintenance, and upgrade. In addition, PSS companies 
may lack skilled personnel who are required to have technical expertise in order to operate 
AM equipment. Finally, AM capabilities and selection of materials are still limited and may 
not be suitable for the manufacturing of certain products. 
 

18. Home manufacturing of personalised parts of PSS products 
Any component needed to upgrade PSS product can be produced by customers 
themselves. Customers contact the PSS producer/provider to request for a blueprint of a 
specific product part. Once the personalised blueprint is received the required product 
component is ready to be produced in a home manufacturing facility. 
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A bespoke production of product parts addresses hygiene issues related to access to shared 
products and customer fear that products are not clean after the previous customer used 
them. Moreover, the PSS product upgrade with personalised product parts can potentially 
improve individualisation and facilitate PSS acceptance.  
However, DIY manufacturing at home distinguishes by limited capacity, manpower, and 
manufacturing equipment and may not be suitable for the production of certain components. 
For PSS producer/providers it can be challenging to encourage customers to run 
manufacturing at home, as well as to track production quality in various manufacturing sites. 
 

19. Outsourced manufacturing for localised production of PSS solutions 
PSS companies outsource production services and run manufacturing without owning a 
factory. At the same time, they benefit from being freed from a high initial investment and 
maintenance costs of manufacturing facilities. Instead, PSS producers/providers send digital 
production files (blueprints) of products or their components to manufacturing facilities 
placed close to their customers.  
Outsourcing manufacturing operations allows SMEs to implement PSS type business 
models without having significant financial resources. Moreover, manufacturing carried out 
at the point of need improves maintenance services, reduces lead times of spare parts and 
environmental impact of service provision linked to transportation. 
However, PSS companies can face challenges related to communication and control of 
multiple manufacturing facilities, including quality and delivery monitoring. Security issues 
related to companies’ production data shared with various manufacturing facilities can occur. 
Moreover, products and their components have to be specifically designed to be able to be 
manufactured in a distributed manner. Finally, PSS companies may face limited 
independence linked to regulations, processes, and objectives of outsourced manufacturing 
facilities. 
 

20. Remote control of manufacturing equipment 
Digital production files are sent directly to Additive Manufacturing equipment based in a 
geographically dispersed manufacturing facility in order to produce products at or close to 
the point of need. Same digital standards (i.e. file formats required for AM operations) 
provide an ability to remotely control manufacturing equipment. The remote control of 
manufacturing equipment enables production without digital file share with third parties. 
This scenario addresses the PSS implementation barrier related to the resistance of PSS 
delivering companies to collaborate with other companies because of concerns linked to 
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sharing confidential information. Moreover, such localised production has the potential to 
improve global service infrastructure with maintenance delivered on site and reduced lead 
times of spare parts. This way of manufacturing allows PSS producers/providers to avoid 
shipping products via long distances, reduces the number of partners in the supply chain 
(e.g. excludes distribution and warehousing), and at the same time protects intellectual 
property rights. 
Regarding challenges linked to such geographically dispersed production, products and their 
components have to be specifically designed to be produced in a distributed manner using 
AM equipment. PSS producers/providers can potentially face challenges related to 
managing the quality of products produced in various manufacturing facilities. Finally, the 
geographical extension can cause fragile supply chains. 
 

21. Manufacturing kit for local production of PSS solutions 
PSS companies provide mobile manufacturing kits to their partners based in remote 
geographical locations. Contents of the manufacturing kit enable a remote production and 
delivery of PSS following initially defined specifications and standards. The portable 
manufacturing equipment allows PSS companies to extend their production and 
maintenance services to new geographical locations. 
Partnering with geographically distant manufacturers helps to address PSS implementation 
barriers linked to PSS maintenance. Manufacturing carried out close to the point of need 
improves maintenance services, reduces lead times of spare parts and environmental 
impact of service provision linked to transportation. Moreover, small local manufacturers are 
able to collaborate with bigger companies and get involved in PSS provision. 
However, products and their components have to be specifically designed for manufacturing 
using mobile manufacturing kits. Moreover, communication and control of remote 
manufacturing facilities and quality and delivery monitoring can be challenging for PSS 
companies. Network extension can cause the overall increase in production and its 
environmental impact. Finally, PSS companies may face limited independence linked to 
collaboration and geographical extension. 
 

22. Blueprints of PSS products available in makerspaces 
A network of open-to-public makerspaces enables customers to get involved in maintenance 
and repair of products included in PSS solutions. PSS companies share blueprints and 
manufacturing instructions of products included in PSS solutions with public makerspaces. 
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In case of product damage this information can be accessed by customers and certain 
product parts or a product itself can be manufactured in a local makerspace. 
This scenario addresses multiple PSS implementation barriers. First of all, facilitated 
maintenance shows the potential to overcome customer concerns related to ruining or 
damaging accessed products. Secondly, customer involvement in product repair may help to 
reduce PSS prices related to high labour expenses required for usually labour-intensive PSS 
solutions. Finally, production in makerspaces has the potential to improve a global service 
infrastructure and reduce lead times of spare parts. 
However, the key challenge potentially preventing implementation of this scenario is 
encouraging customers to support damaged products. Furthermore, PSS companies may be 
concerned about privacy issues caused by sharing potentially sensitive data with public 
makerspaces. DIY production in makerspaces can be restricted by limited tools and 
capacity. As a result, not all products and their components can be produced in open-to-
public facilities. Products included in PSS solutions have to be specifically designed in order 
to be able to be maintained using manufacturing equipment available in makerspaces. By 
enabling their customers to get involved in product maintenance, PSS producers/providers 
can potentially face challenges related to managing the quality of products produced in 
various makerspaces. 
 

23. Simplified upgrade of PSS products 
Specifications of Additive Manufacturing technologies enable PSS producers/providers to 
produce products in small batches. Manufacturing of one-off product components allows on-
demand upgrade of existing PSS products. 
This scenario addresses the PSS implementation barrier related to customer acceptance. A 
belief that PSS solutions are less comfortable than traditional product-based offerings are 
still viable among potential PSS customers. A chance for PSS producers/providers to offer 
rapid product upgrade addressing real customer needs can help to make PSS solutions 
equally to or more attractive than traditional offerings. 
However, the adoption of AM technologies requires a high initial investment from PSS 
companies and expenses linked to its maintenance and upgrade. AM technologies are still 
limited and there is a perception that 3D printed components are not as reliable as mass 
manufactured ones. Finally, PSS companies what wish to adopt AM technologies may face 
challenges related to training of employees who are required to operate advanced 
manufacturing equipment. 
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24. Production and support of PSS solutions carried out by local artisans 
In order to access customers based in remote geographical locations, PSS companies 
partner with local artisans based close to the point of need. Local craftspeople produce PSS 
products and support them with maintenance services. 
Collaboration with locally-based artisans shows the potential to improve a global service 
infrastructure for PSS with maintenance delivered on site and reduced lead times of spare 
parts. Moreover, this scenario enables craftspeople to prosper and maintain their crafts. 
However, the artisanal manufacturing can potentially be slow and not cost-effective. 
Involvement of craftspeople in the global manufacturing market can increase competition 
between them and reduce the authenticity of the products they traditionally offer. Finally, 
increased manufacturing may expand raw material extraction. 
 

25. Reduced number of supply chain actors 
Localised production of small-scale products produced on-demand provides a chance to 
reduce the number of supply chain actors involved in PSS provision. This is caused by 
reduced delivery distances, eliminated warehousing of unused/standardised products, and 
customer involvement in PSS development and support.  
This scenario tackles a number of PSS implementation barriers related to organisation 
issues faced by PSS companies. First of all, the reduced service chain decreases co-
dependence of partners and strengthens administration competences of a single supply 
chain actor. Secondly, PSS companies have fewer partners to share confidential information 
with. Finally, shortened and flexible supply chain has the potential to be more sustainable 
with a chance for PSS companies to collaborate with local “green” suppliers. 
However, localised small-scale production with reduced supply chains tends to be less 
efficient compared to the manufacturing in centralised factories. PSS companies offering on-
demand solutions can find it challenging to regulate a large number of small production 
orders in multiple manufacturing facilities. 
 

26. Simplified transportation through local manufacturing 
Localised manufacturing enables PSS companies to implement simplified delivery to their 
customers. With product maintenance, repair and upgrade available to be done close to 
customers, transportation costs, delivery times, and environmental impact are reduced.  
Simplified distribution addresses PSS implementation barriers related to the environmental 
impact of service provision and the requirement for the global service infrastructure in order 
to facilitate maintenance and delivery of spare parts. Moreover, reduced delivery distances 
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enable PSS companies to provide services more rapidly potentially making customers more 
satisfied with PSS acceptance. 
However, small-scale geographically dispersed production may cause challenges for PSS 
companies in terms of information exchange and production monitoring and control between 
different manufacturing facilities. Efficiency in such facilities can be lower compared to 
centralised mass production factories. 
 

27. Manufacturing ran by customers, service provision carried out by PSS 
producers/providers 
PSS companies provide only support services leaving product manufacturing to be run by 
customers. PSS companies share blueprints and all necessary product manufacturing 
instructions with customers in order to enable them to carry out production in public 
makerspaces. 
This scenario allows PSS companies to deliver PSS solutions without owning a 
manufacturing facility. As a result, SMEs that wish to implement PSS type business models 
are not required to have a significant initial investment. Customers involved in the 
manufacturing of products included in PSS solutions can benefit from reduced PSS prices 
since no additional PSS personnel is required.  
However, PSS companies may find it challenging to encourage customers to get involved in 
the manufacturing of products included in PSS solutions. Moreover, it can be also 
challenging for PSS companies to monitor and regulate a large number of small-scale 
productions carried out in multiple manufacturing facilities. Public makerspaces also tend to 
distinguish by limited capacity and availability of production equipment. 
 

28. Reverse engineering for remanufacturing of components of PSS products 
The reverse engineering process is used by PSS producers/providers to remanufacture 
obsolete product components. Application of 3D scanning and, later, Additive Manufacturing 
technologies also enables customers to produce obsolete or damaged parts of PSS 
products in a local manufacturing facility. 
Adoption of reverse engineering aims to simplify maintenance of PSS products. Ability to 
remanufacture obsolete or broken components extend the life of PSS products without the 
need for PSS producers/providers to invest in a new product. Extended life of PSS products 
brings environmental benefits linked to less waste ending up in a landfill. 
However, 3D scanning and AM technologies may be costly for PSS companies to 
implement, maintain, and upgrade. Furthermore, skilled personnel are needed to run reverse 
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engineering processes. Finally, customers can expect high prices of products made using 
reverse engineering technologies. 
 

29. Educated customers with knowledge about PSS benefits and maintenance 
PSS companies provide their customers with training on how products included in PSS are 
made and how to use them most efficiently. These educational activities are carried out in 
locally-based factories and public makerspaces specifically designed to show the economic 
and environmental benefits of PSS solutions. After attending activities with the community 
people are able to identify product damage and choose the right method to repair it without 
support from PSS producer/provider. 
First of all, this scenario addresses a lack of customer understanding of the overall PSS 
concept and its financial benefits compared to traditional product purchases. As a result, 
improved customer knowledge about ownerless consumption leads to more careful 
behaviour and fewer concerns about damaging shared products. As a result, educated 
customers may be more willing to accept PSS solutions. Finally, educational activities in 
local factories have the potential to provide also financial institutions with knowledge about 
PSS solutions and encourage them to support PSS implementation. 
However, implementation of local factories for knowledge provision can be challenging for 
PSS companies since such facilities have to be sensibly adapted to the local context and 
easy to access by community members. Educational activities may also increase the 
complexity of business processes adding more responsibilities to managers and service 
personnel. 
 

30. Monitoring of PSS products carried out by customers and PSS 
producers/providers 
Sensors applied to shared products show their performance and provide feedback to 
optimise consumption and service provision. PSS producers/providers are informed about 
the product condition in order to provide relevant services. Customers are given information 
about product availability and advices regarding efficient consumption. 
From the PSS company’s point of view, real-time data provided by monitoring technologies 
address concerns related to relevant and rapid maintenance service provision. Moreover, 
sensor technologies enable PSS companies to receive information directly without the 
involvement of other stakeholders. For customers, data received from sensors provide real-
time information about the availability and condition of shared products improving 
independence and convenience. Since customers are concerned that in case of the need for 
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maintenance PSS producer/provider accesses personal data or even enter into customer’s 
property, direct product monitoring can help customers to avoid PSS producer/provider’s 
intervention. 
However, the implementation of sensor technology requires changes of mind-set from PSS 
companies, a high initial investment, and expenses related to maintenance and upgrade. 
Data collected by monitoring technologies cause concerns of privacy issues related to the 
company’s and customer’s confidential information. 
 

31. Monitoring of hygiene of PSS products carried out by customers 
Sensors are applied to leased and rented products to inform customers about the level of 
cleanliness of a used product and advise whether the product is safe to use. Data from 
sensors can be accessed directly by customers using a smartphone without the need for 
involvement of PSS producer/provider. 
This scenario tackles the barrier related to customer concerns about the hygiene of used or 
shared products. Product monitoring through the application of sensor technologies also has 
the potential to improve customer’s trust in PSS producer/provider caused by transparency 
and provision of real-time information. 
However, the adoption of sensor technologies and their integration in the existing company’s 
business processes requires a high initial investment from PSS producers/providers. 
Moreover, data available from sensors can cause issues related to company’s and 
customer’s data. 
 

32. Identification of the manufacturing facility located closest to the customer 
PSS companies use sensors attached to PSS products and online data repository with 
information about their customers to collect data about PSS product condition and 
customers’ location. This information enables PSS producers/providers to identify the need 
for maintenance and locate manufacturing facilities closest to their customers. 
This scenario tackles the PSS implementation barrier related to customer convenience. 
Rapid identification of the need for maintenance and service provision at the point of need 
potentially improve customer convenience. PSS producers/providers’ ability to locale 
manufacturing facility closest to the PSS product reduces transportation distances of service 
delivery. 
However, the adoption of sensor technologies and their integration in PSS products require 
a high initial investment from PSS producers/providers. Moreover, data available from 



5. DM APPLIED TO PSS NEAR-FUTURE SCENARIOS | 158 
 

sensors can cause issues related to customer’s privacy. Finally, it may be challenging for 
PSS companies to track the production quality in remote manufacturing facilities. 
 

33. Upgrade of PSS products with personalised parts 
PSS producers/providers upgrade shared products with customised parts produced on-
demand. Customers are able to access online libraries containing PSS product catalogues 
and choose from available designs. Such parts produced individually for each customer also 
improve the hygiene of used or shared products. When using shared products customers 
touch only individually produced parts. 
This scenario aims to tackle the PSS acceptance from customer’s perspective issues: the 
individualisation trend and the belief that quantity and quality of owned goods are related to 
the social status and success in life. Differentiation and customisation of product parts can 
potentially help customers to express themselves and make PSS solutions more attractive to 
accept. Moreover, making a part of a product custom-made reduces customer concerns 
linked to the hygiene of used or shared products, at the same time making this solution 
economically viable for PSS companies which are not required to modify the production of 
the whole product. 
However, customers must be ready to pay a higher cost of customised product parts 
compared to traditionally mass-manufactured equivalent. Also, it may be challenging for 
PSS producers/providers to identify user needs and preferences when assembling online 
product catalogues. 
 

34. Home assemble and maintenance of PSS products using a DIY kit 
PSS companies enable their customers to contribute to assembling and personalisation of 
PSS products through DIY kits. PSS producers/providers pack PSS solutions in DIY kits and 
send them to their customers. After receiving the DIY kit, customers are able to assemble, 
upgrade or personalise PSS products. 
This scenario tackles the PSS customer acceptance. The application of DIY kits aims at 
enabling customers to get involved in assemble and personalisation. Customers who 
appreciate individualisation and self-expression are more likely to accept PSS solutions they 
personally set up, upgraded, and personalised. 
However, the implementation of DIY kits can be costly for PSS companies. Moreover, not 
everyone is capable to assemble, upgrade or personalise PSS products, thus DIY kits may 
not be suitable for some customers. In case of unsuccessful assemble of a PSS product 
using the kit, the product can be misused or rejected. 
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35. Maintenance of PSS products carried out by customers at home 
PSS companies enable their customers to provide maintenance services at home 
manufacturing facilities. If a product included in a PSS solution gets damaged and a new 
spare part is needed, customers are able to find a required blueprint in an online library of 
the PSS company. The spare part is able to be produced at the customer’s home using 
personal digital or manual equipment.  
This scenario shows the potential to address PSS implementation barriers from both the 
company’s and customer’s perspective. Home manufacturing of product components may 
help to create a low maintenance system with on site manufacturing of spare parts and 
reduced lead times (and environmental impact) of service provision. By maintaining PSS 
solutions at home, customers do not require PSS producers/providers to enter into their 
property in order to provide services. PSS prices for customers who maintain PSS solutions 
themselves may be reduced since no additional labour expenses are required. 
However, the environment for home manufacturing facilities has to be specifically designed 
because of toxicity, noise, and energy consumption of Additive Manufacturing and other 
equipment. Moreover, such DIY facilities have limited tools and capacity, and may not be 
suitable for the production of certain components. PSS companies can face challenges in 
controlling the quality of spare parts produced in home manufacturing facilities. 
 

36. Maintenance of PSS products carried out by PSS producers/providers in 
makerspaces 
PSS producers/providers run manufacturing of spare parts and provide maintenance 
services in public makerspaces based at the closest proximity to the point of need. Access 
to public makerspaces also allows PSS producers/providers to operate the most up-to-date 
manufacturing equipment without owning it. 
Use of public manufacturing facilities for service provision creates a networked service 
infrastructure and tackles the difficulty in managing spare parts for PSS maintenance 
service. Localised production of spare parts reduces lead times and environmental impact 
caused by the service provision. 
However, public makerspaces have limited capabilities including tools and other 
manufacturing equipment and are not suitable to produce certain product components. In 
addition to that, the efficiency of small-scale manufacturing is also lower compared to 
centralised production facilities. PSS companies can also face challenges and costs related 
to monitoring quality and delivery of spare parts produced in various public manufacturing 
facilities. 
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37. Production of spare parts of PSS products carried out in a mobile factory 
PSS companies introduce portable manufacturing equipment which enables the on-demand 
production of spare parts. PSS producers/providers operate mobile manufacturing facilities 
that can be transported to the damaged PSS product. Mobile manufacturing facilities are 
equipped with advanced technologies and traditional manual equipment for diverse services. 
This scenario aims to address the PSS implementation obstacle related to customer 
convenience. PSS product maintenance carried out at the point of need potentially improve 
customer convenience related to ownerless consumption. Furthermore, mobile 
manufacturing facilities improve a global service infrastructure with maintenance delivered 
on site and reduced lead times of spare parts. 
However, PSS companies potentially face a high initial investment required for the 
implementation of mobile manufacturing facilities. Moreover, identifying needs and use 
habits of geographically distant customers may be challenging for PSS producers/providers. 
Finally, the production quality in mobile factories can be difficult to regulate. 
 

38. Monitoring of PSS products for their end-of-life 
Products included in PSS solutions are equipped with monitoring technologies and provide 
real-time data to PSS companies. Sensors inform PSS companies when products are 
obsolete or damaged and require to be collected. 
This scenario tackles the PSS implementation barrier of PSS customers not being willing to 
return products and their end-of-life. The real-time monitoring enables PSS 
producers/providers to ensure products are collected at their end-of-life. Moreover, 
information about the amount and the condition of products reaching their end-of-life has the 
potential to improve the overall collection, recycling, and remanufacturing infrastructure. 
However, PSS companies have to consider the financial resources required for 
implementation, maintenance, and upgrade of monitoring technology. 
 

39. Simplified collection of PSS products at their end-of-life 
PSS companies own a network of “Recycling stations” which are equipped with recycling 
technologies and manufacturing machinery that only uses recycled materials. Being based 
at the close proximity to customers, “Recycling stations” are easy to access by customers 
and PSS producers/providers. 
The implementation of a network of local recycling stations tackles the absence of 
infrastructure for product end-of-life stage including collection, recycling, and 
remanufacturing. 
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However, recycling and remanufacturing processes in small-scale local facilities are less 
efficient compared to centralised factories. Before building a recycling network PSS 
companies have to make sure “Recycling stations” are based in locations easy to access by 
community members and PSS producers/providers. 
 

40. Transformation of obsolete PSS products into personalised solutions 
PSS producers/providers offer their customers personalised products in exchange for the 
obsolete ones. Once customers return an outdated or broken product to PSS companies, 
they are able to receive new personalised products made using working components and/or 
recycled material from the products they brought. Personalised products are then supported 
with personalised services. 
Although the product recycling is the last opportunity to extract the energy embedded into a 
product, personalised products made of recycled material may bring emotional value to 
customers. As a result, customers may be more willing to return products included in PSS at 
their end-of-life. 
However, new personalised products offered to customers have to be attractive, thus old 
components or recycled material have to be used in a creative way. Since prices of raw 
materials are still low customers must expect to be charged a higher price for personalised 
solutions made of recycled resources. 
 
According to Ogilvy (2006), despite that scenarios are useful to provoke discussions they 
should not become material for unlimited conversations. Scenarios need to be made used 
for strategic decision making. The next chapter describes DM applied to PSS near-future 
scenario integration into a design toolkit in order to support idea generation process through 
the application of the developed scenarios. 
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The previous chapter described the final set of near-future scenarios of Distributed 
Manufacturing applied to Product-Service Systems. According to the Design Research 
Methodology (DRM) adopted in this thesis, near-future scenarios represent Intended design 
support and are only a part of the deliverable of PS-I. Intended support is a description of 
Actual support which must be developed to realise the core contribution of the research 
project. Actual design support, in general used to improve design, can be any of the 
following: 1] approach or methodology (framework for doing design); 2] methods (sequences 
of activities to improve particular stages of the design process); 3] guidelines (rules for 
achieving design objectives); and 4] tools (hardware and software, based on approach, 
method or guidelines)(Blessing and Chakrabarti, 2009). According to DRM, design tools are 
the most effective and efficient type of design support, used to address certain design 
objectives, stages and activities, and to develop certain types of products and services. For 
this reason, a set of design tools (a toolkit) has been chosen to realise the functionality of the 
DM applied to PSS near-future scenarios. As suggested by Blessing and Chakrabarti 
(2009), paper-based version of the toolkit has been developed for testing before potentially 
transforming it into a digital tool in the future. 
 
This chapter describes the development of the DM applied to PSS design toolkit and 
iterations of its empirical applications and refinements. The chapter outlines the first, second, 
and third versions of the design toolkit, the evaluation studies, and recommended 
improvements to be integrated into each updated version. The chapter concludes with the 
final version of the DM applied to PSS design toolkit. The table below summarises empirical 
applications and changes integrated into all four versions of the toolkit.
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Table 6.1: Summary of empirical application and changes to all versions of the toolkit 

The first version of the design toolkit 

 

Development method Toolkit’s elements 

Near-future scenarios 
developed addressing 
PSS implementation 
barriers with DM 
opportunities. Later 
scenarios were 
illustrated and mapped 
on the diagram with 
PSS- and DM-related 
axes. 

1) 35 near-future scenario 
cards; 

2) 2 idea generation 
diagrams: one for scenario 
cards classification and one 
for placing generated ideas. 

The second version of the design toolkit 

 

Empirical application (aspects assessed) 
and number of participants 

Empirical application I: Workshop with design students 
(effectiveness and usability) 

45 

Implemented changes 

1) Number of near-future scenario cards increased to 44; 
2) Introduced four scenario cards’ selection diagrams; 
3) Shortened and reworded scenario descriptions; 
4) DM case studies introduced on each scenario card; 
5) PSS implementation barriers addressed by each 
scenario included in the cards; 
5) More idea-triggering questions provided on the cards; 
6) Idea generation diagram updated with an axis 
presenting key DM features; 
7) Service-oriented remarks added to the idea generation 
diagram. 

The third version of the design toolkit 

Empirical applications (aspects assessed) 
and number of participants 
Empirical 
application II: 
Structured 
interviews with 
experts 
(completeness, 
effectiveness, 
and usability) 

Empirical 
application III: 
Workshops with 
companies and 
design agencies 
(completeness, 
effectiveness, and 
usability) 

Empirical 
application IV: 
Workshop with 
PSS design 
students 
(effectiveness and 
usability) 
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9 94 19 

Implemented changes 

1) Number of near-future scenario cards reduced to 40; 
2) Descriptions of PSS implementation barriers reduced 
on each card; 
3) DM case studies updated with more diverse examples; 
4) Removed the PSS life cycle stages scenario cards’ 
selection diagram; 
5) Scenario cards’ selection diagrams linked to different 
user’s intentions: introduced introductory card; 
6) Explanations and idea-triggering questions introduced 
in the scenario cards’ selection diagrams; 
7) Only three colours presenting key DM features left on 
the scenario cards’ selection diagrams; 
8) Idea generation diagram updated with descriptions 
and service-oriented question. 

The final version of the design toolkit 

 

Empirical applications (aspects assessed) 
and number of participants 
Empirical application V: Workshop with postgraduate 
design students 
(usability) 

9 

Implemented changes 

1) Idea-triggering questions on scenario cards aligned 
with the questions of cards’ selection diagrams; 
2) Textual information on the cards reduced and better 
organised; 
3) Scenario cards joined into a bound set; 
4) Scenario cards’ selection diagrams updated with less 
specific idea-triggering questions;  
5) Graphical elements made mutual for all three scenario 
cards’ selection diagrams and the idea generation 
diagram; 
6) Service-related question removed from the idea 
generation diagram; 
7) Introduced toolkit’s use guidelines. 

 
 

6.1 The first version of the DM applied to PSS design toolkit 
 

The aim of the DM applied to PSS design toolkit is to facilitate companies and design 
practitioners in considering potential DM applications in each PSS life cycle stage in order to 
improve the PSS development. The toolkit is designed to achieve the following goals: 1] to 
provide knowledge about potential DM opportunities; 2] to encourage its users to innovate in 
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each PSS life cycle stage; and 3] to stimulate a creative future-oriented thinking. The first 
version of the DM applied to PSS design toolkit includes 35 double-sided near-future 
scenario cards and the idea generation diagram.   
 

6.1.1  Development of near-future scenario cards 
 

The aim of the near-future scenario cards is to introduce their users to various DM 
applications to the PSS development. Each of the 35 cards describes one near-future 
scenario (described in the previous chapter). Scenario cards are double-sided A5 horizontal 
format (Figure 6.1). The front side of the card consists of: 
 

1) a scenario title (1);  
2) a brief scenario description (2);  
3) a cartoon-like scenario illustration with annotations (3);  
4) a scenario number (4);  
5) a coloured square communicating the PSS life cycle stage(s) addressed by the 

scenario (5);  
6) an icon referring to the level of the company’s openness (explained below) (6);  
7) and an icon illustrating the level of customer involvement (explained below) (7). 

 
The back side of the card includes: 
 

1) near-future scenario limitations (8);  
2) its benefits (9); 
3) and a question (10) provided to support idea generation. 

 
The colour(s) of the rectangular area (11) illustrates the PSS life cycle stage(s) scenario 
addresses. The next section describes the idea generation diagram introduced to facilitate 
the application of scenario cards to the idea generation. 
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Figure 6.1: An example of the front and back sides of the first version of the near-future scenario card 

 

6.1.2  Development of the idea generation diagram 
 

For making scenario cards effective in generating ideas, the polarity-based approach has 
been adopted based on Manzini and Jégou (2000) and existing scenario examples analysed 
and described in Section 5.1.3. Accordingly, all 35 scenario cards have been mapped on the 
idea generation diagram (Figure 6.2), created as a representation of areas which can be 
addressed by scenarios. The idea generation diagram serves as: 

1) a framework to categorise and position all scenario cards and facilitate their selection 
process (Figure 6.2); 

2) a map for placing ideas generated during the design process and move them from one 
place to another to generate new ideas (Figure 6.3). 

 
The idea generation diagram, made of two axes, combines PSS and DM features. 
Regarding PSS, its life cycle stages have been selected to emphasise their importance. 
According to Vasantha et al. (2012), innovative value adding PSS can only be created 
combining products and services throughout the life cycle stages. Mont (2002) argues that 
the majority of existing PSS are fragmented because of a lack of complete life cycle stages 
perspective. The horizontal axis of the idea generation diagram visualises six PSS life cycle 
stages (1): Design, Business Implementation, Material production and Manufacturing, 
Distribution, Use, and End-of-life. 
 
The vertical axis focuses on the level of customer involvement (2). Matt et al. (2015) 
describe DM as the democratisation of design and emphasise the customer involvement in 
product development and manufacturing processes. The customer involvement can be 
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categorised in five levels: Customer only uses PSS offerings, Customer chooses from PSS 
offerings, Customer monitors PSS offerings, Customer designs PSS offerings, and 
Customer manufactures products/components for PSS offerings. 
 
Manufacturing companies can contribute to democratisation of manufacturing and enable 
the customer involvement. For this reason, the level of the company’s openness is also 
included in the idea generation diagram (3). This describes with whom the company shares 
open production files of products or product components and instructions on how these 
products or their components must be produced. Four levels of openness have been 
identified: Company does not share data, Company shares data with other manufacturing 
facilities, Company shares data with customers, and Company shares data open-source.  
The idea generation diagram with mapped scenario cards (A3 format) also contains a 
complete list of scenarios (4) and numbers, icons and coloured squares representing the 
position of each scenario (5) (Figure 6.2). The same diagram (A1 format) without scenario 
cards mapped on it, has been designed to be used for placing post-it notes during idea 
generation sessions (Figure 6.3). 
 

 
Figure 6.2: The first version of the idea generation diagram with mapped scenarios and the list of scenario titles 
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Figure 6.3: The first version of the idea generation diagram for placing post-it notes 

 
 

6.1.3  Design process 
 

The DM applied to PSS design toolkit can be used in multiple ways: 
 

- Users who wish to transform existing business processes towards offering PSS 
solutions should start from reading all scenario cards from each life cycle stage 
starting from PSS Design and moving towards End-of-Life.  

- Users already offering PSS solutions or having previous PSS development experience 
can start using the toolkit from reading scenario cards from a specific life cycle stage 
they wish to improve.  

- Users who do not have a specific goal and are open to innovations can start from 
selecting cards from any life cycle stage, different levels of the customer involvement 
or the company’s openness. 

 
In either case, the toolkit’s application starts from analysing the idea generation diagram 
(Figure 6.4). Ideas triggered by scenario cards can be written down on post-it notes and 
placed on an empty idea generation diagram. 
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Figure 6.4: The application of the first version of the DM applied to PSS design toolkit 

 
 

6.2 Empirical application I: Workshop with design students 
 
The first version of the DM applied to PSS design toolkit was empirically tested with design 
students (Figure 6.5). The testing aimed at evaluating how effective and usable the first 
version of the DM applied to PSS design toolkit is during a practical idea generation process. 
The following text introduces study participants and data collection activities, discusses 
findings, and summarises recommendations for the new features to be integrated into the 
next version of the DM applied to PSS design toolkit. 
 

 
Figure 6.5: The first empirical toolkit’s application carried out with design students 

 

6.2.1  Participants, activities and data collection methods 
 
The toolkit was tested with 45 undergraduate and postgraduate students from design-related 
backgrounds (e.g. product design, design management, and PSS design, etc.) during an 8-
hour workshop. The workshop was a part of a 2-week pilot course organised by the LeNSin 
project partners and implemented in Tsinghua University, Beijing, China. The course was 
delivered by academics from the host university, also from Hunan University (China), Brunel 
University London (UK) and Cape Peninsula University of Technology (South Africa). 

DM APPLIED TO PSS IDEA GENERATION DIAGRAMDM APPLIED TO PSS IDEA GENERATION DIAGRAM

1 SELECT 2 READ 3 THINK & WRITE DOWN 4 POSITION



6. DM APPLIED TO PSS DESIGN TOOLKIT | 172 
 

Students from 11 universities in China and two universities in the UK took part in the pilot 
course and consented to participate in the research workshop. The empirical testing was 
organised to bring mutual benefits to the students and the researcher: the toolkit provided 
students with the knowledge, while multiple data collection methods enabled the researcher 
to identify the toolkit’s strengths and weaknesses. 
 
Prior to the workshop students were introduced to PSS and DM concepts and given a 
design challenge: to design a Product-Service System enhanced with Distributed 
Manufacturing features addressing lighting issues in the Chinese context. At the beginning 
of the workshop, a short presentation introducing the DM applied to PSS design toolkit was 
delivered. Later, students, already split into 10 groups, were given one hour to familiarise 
themselves with the toolkit’s contents, four hours to generate ideas and place them on the 
idea generation diagram and three hours to select ideas to be further developed and 
integrated into their final PSS concepts. At the end of the workshop, each student was given 
a questionnaire survey (Appendix III) to provide quantitative and qualitative feedback about 
the effectiveness and usability of the toolkit. The workshop was facilitated by the researcher 
and two more academics. The researcher carried out participant observations throughout 
the entire activity and informal conversational interviews with each group at the end of the 
day. Finally, initial and final ideas generated by the students were analysed after the 
workshop. The results of the first empirical testing are summarised in the following 
paragraphs. 

 

6.2.2 Results 
 
6.2.2.1 Effectiveness 
 
Evaluation of the effectiveness of the first version of the DM applied to PSS design toolkit 
aimed at demonstrating 1] how effective the scenario cards and the idea generation diagram 
support the initial idea generation and their integration into a final PSS concept and 2] how 
effective the scenario cards facilitate an understanding of potential benefits of the DM 
application. It has been assessed through the content analysis of the initial and final ideas 
generated by the students and the questionnaire surveys. 
 

Initial idea generation and integration into a final PSS solution 
During the workshop, students analysed scenario cards and generated ideas for PSS 
lighting solutions, recorded them on post-it notes, and placed them on the idea generation 
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diagram. Later, students were asked to select promising ideas to be integrated into their final 
PSS solutions. Quantitatively, students (working in 10 groups) generated an average of 20 
ideas per group and chose 9 of them to be incorporated into their final PSS solutions. 3% of 
all initial ideas were irrelevant to the design brief, 56% were identified as generic (i.e. ideas 
that simply replicated the insights presented in the scenarios), and 41% of the ideas were 
specific (i.e. ideas that creatively re-elaborated insights presented in the scenarios to 
develop PSS solutions not described in the scenarios). 
 
Qualitatively, the contents of initial ideas (examples taken from one group) varied between 
being copied from descriptions of scenario cards (generic ideas): “Entrepreneur receives 
data from sensors and customer feedback to improve PSS offerings.” and addressing 
specific PSS concepts: “Entrepreneur receives design specs to build light-providing drone 
for miners”. However, ideas incorporated into the final concept of the same group was more 
elaborated: “Local entrepreneur builds the drones providing light to miners within guidelines 
utilising local materials and makerspaces. Field worker requests drones per period of use, 
while usage data is shared with entrepreneur”. 
 
Idea generation diagrams filled with post-it notes show that initial ideas generated by six out 
of ten groups covered a complete PSS life cycle and all levels of the customer involvement 
(Figure 6.6). Moreover, seven out of ten groups presented their final ideas along the life 
cycle of their PSS solutions, proving the effectiveness of the toolkit to support life cycle-
oriented thinking (Figure 6.7).  
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Figure 6.6: The first version of the idea generation diagram filled with initial ideas generated by one of the groups 

 

 
Figure 6.7: Final ideas presented along the PSS life cycle by one of the groups 

 

Table 6.2 below summarises results of quantitative data collected using scale questions in 
questionnaire surveys. According to quantitative findings, students gave highest evaluation 
rates to the effectiveness of the idea generation support of both scenario cards (an average 
of 4.2 out of total 5) and the idea generation diagram (4.3/5) (Table 6.2, questions 2 and 9). 
Moreover, the ability of the idea generation diagram to support a complete PSS life cycle-
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oriented thinking also received a high evaluation rate (4.2/5) (Table 6.2, question 10) and 
positive qualitative feedbacks, e.g. “stages give us a good picture of overall design of PSS.” 
However, questionnaire surveys also helped to indicate room for potential improvement. 
According to some participants, scenario cards limited creativity: “They are very well defined 
so do not leave space for new ideas.” In addition, students missed practical examples 
illustrating each scenario: “Provide examples in different contexts or examples that are 
creative”. Moreover, study participants required more idea generation-supporting questions: 
“More question-style, add some questions e.g. to proof / check your ideas, validate selection 
of ideas” and better use guidelines: “Make us think about our concept step-by-step”. Finally, 

improvements must be made to scenario cards in order to better stimulate group discussion, 
as this feature received the lowest evaluation rate (4/5) (Table 6.2, question 3): “The cards 
may relate to real examples can better facilitate the discussion”. 
 

Understanding the potential benefits of DM 
The toolkit has been designed around two Distributed Manufacturing features: customer 
involvement and companies’ openness. By using the toolkit students were meant to get 
familiar with different aspects of these features and their potential benefits. Analysis of initial 
and final ideas shows that the toolkit helped students to grasp the potential benefits of DM. 
Students’ ideas included various levels of customer involvement and companies’ openness, 
e.g.: “Our company will educate users how to maintain and repair solar panels” (company 
shares data with customers and enables them to manufacture components); “Provider is 
able to operate customers’ 3D printers to print parts remotely without sharing digital 3D 
model files of those parts to the customer” (customer only uses PSS offerings while the 
company does not share data). Seven groups included icons of customer involvement and 
companies’ openness in the presentations of their final PSS solutions (Figure 6.8). 
Moreover, prior to the workshop students were introduced to the three key DM elements: the 
localisation of manufacturing, the customer-orientation, and the application of technologies. 
Initial and final students’ ideas addressed all three DM elements, proving that students were 
able to understand them from the scenario cards: “Cooperation with local bamboo 
processing plant” (localisation of manufacturing); “We will educate users how to 
maintain/repair solar panels” (customer-orientation); “Monitor each activity, monitor 
accuracy, share data with friends and family” (application of technologies). 
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Figure 6.8: Icons of customer involvement and companies’ openness from the final presentations of two groups 

 
Quantitative data collected through questionnaire surveys showed that the highest 
evaluation rate has been given to the scenario cards feature to facilitate the understanding 
of the potential benefits of DM (4.3/5) (Table 6.2, question 1). However, students required 
real-life examples to better understanding of the DM potential: “More detailed case studies, 
real-world examples/photos, more depth in the technologies themselves. Additive 
Manufacturing made us think a lot. Maybe subtractive, laser, CNC…? DM benefits: real case 
cost scenarios”.  
 

6.2.2.2 Usability 
 

Evaluation of the toolkit’s usability aimed at 1] analysing how workshop participants 
approached the toolkit and 2] assessing how easy the layouts of the scenario cards and the 
idea generation diagram were to understand and use. This has been evaluated through 
questionnaire surveys, informal conversational interviews, and researcher’s observations 
carried out throughout the entire workshop. 
 

Approach to the toolkit 
Students were free to choose one of two ways to approach the toolkit: 1] divide all scenario 
cards among group members and read them all; or 2] use the idea generation diagram and 
focus on a particular PSS life cycle stage to start the idea generation process. Informal 
interviews with workshop participants and researcher’s observations showed that the 
majority of groups firstly analysed all of the scenario cards, and later started generating 
ideas for each life cycle stage, starting from the PSS Design. Only one group started their 
idea generation process from analysing the idea generation diagram (“We jumped from one 
stage to another, one stage triggered ideas for another stage.”). Having only initial 
knowledge about PSS and DM students felt more comfortable starting from studying all 
scenarios and searching for inspirations. The future version of the DM applied to PSS design 
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toolkit could potentially have various ways to approach it, depending on the user’s 
experience and intentions.  
 

Layouts influence on comprehension and use 
The layouts of the scenario cards and the idea generation diagram were evaluated through 
questionnaire surveys. Qualitative feedback from workshop participants showed that 
illustrations on scenario cards and their general layout were evaluated as 4 (good) by more 
than half of the participants, with an average of 4.2 out of total 5 (Table 6.2, question 4). 
Almost half of the students identified colour coding and icons as 5 (excellent), with an 
average of 4.3 out of total 5 (Table 6.2, question 6). Scenario illustrations were identified as 
inspiring and easy to understand: “Very straightforward and concise, gets you to understand 
the scenario quickly”. On the contrary, scenario descriptions received the lowest evaluation 
rate (3.7/5) (Table 6.2, question 5), identifying needs for improvements. Students highlighted 
that descriptions can be reduced and simplified: “Maybe some important words can be 
marked by highline or some other way”. The low evaluation point given to scenario 
descriptions can also potentially be a result of a language barrier. Furthermore, many 
students found the contexts of scenarios unfamiliar: “It is too globalised, make illustrations 
closer to native culture”. 
 
The idea generation diagram was identified as easy to use (4.3/5) (Table 6.2, question 13), 
compared to its ease of understanding which can be improved (4/5) (Table 6.2, question 12). 
It was highlighted by the students that the layout of the idea generation diagram helped them 
to consider a complete PSS life cycle: “It teases our thinking of the overall lifecycle, it 
reminded us about end-of-life, which we usually forget”. However, students found the idea 
generation diagram difficult to understand because of the polarities and the number of icons 
provided: “DM diagram is difficult to understand. If we can understand the relationship 
between customer involvement and product LCA with ease it will be better”. The table below 
summarises questions provided to and quantitative feedback collected from the students.  
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Table 6.2: Quantitative feedback collected to evaluate the effectiveness and usability of the first version of the 
DM applied to PSS design toolkit 

Scenario Cards 
 

Question 
Evaluation 
1 
Very 
poor 

2 
Poor 

3 
Sufficient 

4 
Good 

5 
Excellent Average 

Ef
fe

ct
iv

en
es

s 

1. To what extent the 
Scenario Cards helped 
you to understand the 
potential benefits of DM 
applied to PSS?  

0% 0% 7% 53% 40% 4.3 

2. To what extent are the 
Scenario Cards useful to 
generate ideas?  

0% 2% 15% 41% 42% 4.2 

3. To what extent the 
Scenario Cards helped 
you to stimulate the 
discussion in your group?  

0% 2% 12% 61% 25% 4.0 

Us
ab

ili
ty

 

4. To what extent are the 
illustrations on the 
Scenario Cards easy to 
understand?  

0% 0% 11% 55% 34% 4.2 

5. To what extent are the 
descriptions of the 
scenarios easy to 
understand? 

0% 4% 30% 54% 12% 3.7 

6. To what extent are the 
colour coding and the 
icons easy to understand? 

0% 0% 19% 35% 47% 4.3 

7. To what extent, in 
general, is the layout of 
the Scenario Cards 
relevant to its contents? 

0% 0% 14% 52% 33% 4.2 

8. To what extent are the 
Scenario Cards easy to 
use? 

0% 0% 19% 60% 21% 4.0 

Idea generation diagram 
 

Question 
Evaluation 
1 
Very 
poor 

2 
Poor 

3 
Sufficient 

4 
Good 

5 
Excellent Average 

Ef
fe

ct
iv

en
es

s 

9. To what extent is the 
DM + PSS Idea 
Generation Diagram 
useful to generate ideas? 

0% 0% 12% 50% 38% 4.3 

10. To what extent has 
the Idea Generation 
Diagram helped you to 
take into account a 
complete lifecycle of your 
concept? 

0% 2% 17% 41% 41% 4.2 
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11. To what extent the 
Idea Generation Diagram 
helped you to stimulate 
the discussion in your 
group? 

0% 5% 42% 39% 42% 4.2 
Us

ab
ili

ty
 

12. To what extent is the 
Idea Generation Diagram 
easy to understand? 

0% 0% 17% 71% 2% 4.0 

13. To what extent is the 
Idea Generation Diagram 
easy to use? 

0% 0% 2% 61% 37% 4.3 

 

6.2.3  Limitations of the study with design students 
 

Despite the fact that the testing with students helped to identify the strengths and 
weaknesses of the first version of the DM applied to PSS toolkit, there are biases and 
limitations to take into consideration. When providing feedback, students were reacting 
mostly positively to the toolkit, making it challenging for the researcher to identify whether it 
was their genuine opinion. However, this bias has been addressed by selecting multiple data 
collection methods. Moreover, the majority of the students were not native English speakers 
and faced some difficulties in understanding the contents of the scenario cards. This 
required continues support from workshop facilitators. 
 

6.2.4  Recommendations for improvements 
 

Data collected through questionnaire surveys, researcher’s observations, informal 
conversational interviews, and the content analysis show that the DM applied to PSS design 
toolkit partially achieved its goals: 1] it has provided workshop participants with knowledge 
about potential DM benefits; 2] it has encouraged them to innovate different PSS life cycle 
stages; and, to some extent, 3] it has stimulated creative future-oriented thinking. However, 
the first practical application proved that the initial version of the toolkit requires further 
improvements in order to better support the idea generation for PSS. Table 6.3 summarises 
toolkit’s strengths and weaknesses along with recommendations for improvements to be 
implemented into the next version of the toolkit. 
 

Scenario cards 
The variety and depth of initial and final ideas generated during the workshop show that the 
scenario cards helped the students to get familiar with DM features, understand their 
potential opportunities and incorporate them into PSS concepts. Judging from the students’ 
verbal feedback and researcher’s observations, the way DM model was presented aroused 
students’ interest and initiated discussions. In terms of the layout, illustrations facilitated a 
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rapid understanding of each scenario card. However, the study shows that the scenario 
cards are text-heavy and too specific and limit creativity. Cards are also missing more 
detailed explanations of DM features and their technological aspects, including DM industrial 
case studies. Finally, it emerged that more questions provided on the cards are needed to 
better facilitate the idea generation process. To summarise, five recommendations to 
improve scenario cards can be outlined from the workshop results: 1] make scenarios less 
specific leaving the room for interpretation; 2] provide examples of DM real-world case 
studies; 3] increase the amount of idea-triggering questions; 4] reduce and organise the 
amount of text on both sides of the card, at the same time keeping the essential information; 
5] consider various cultural context when describing scenarios. 
 

Idea generation diagram 
The idea generation diagram aimed at supporting its users in considering the complete PSS 
life cycle and different levels of customer involvement in various life cycle stages. The initial 
ideas generated by students and mapped on the idea generation diagrams show that 
workshop participants considered each life cycle stage of their PSS concepts. This has been 
also proved through verbal feedback. However, some participants highlighted that there was 
a lack of guidelines provided on how to start and finish the idea generation process and how 
to integrate initial ideas into final PSS solutions. Customer involvement and Company’s 
openness aspects have been identified as confusing and difficult to comprehend. To 
summarise, three recommendations to improve idea generation diagram can be listed from 
the workshop results: 1] provide questions or use guidelines on the diagram; 2] support the 
diagram with step-by-step guidelines for different user groups depending on their experience 
and intentions; 3] remove Customer Involvement axis and replace it with a different one 
better representing key DM features. 
 
Table 6.3: Recommendations for new features to be implemented in the second version of the toolkit 

Scenario cards 

 Worked Did not work 
Examples of 
suggestions from 
participants 

Recommendations for 
improvements 

Ef
fe

ct
iv

en
es

s 

1. Overall DM 
concept and 
the way it was 
presented 
aroused 

1. Scenarios limited 
creativity and caused 
difficulties in applying 
them 

“Scenarios are very 
well defined so do not 
leave space for new 
ideas.” 

1. Make scenario 
descriptions less specific, 
at the same time keeping 
the essential information 
for educational purpose. 
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students’ 
interest. 

2. DM features were 
missing more 
detailed explanations 
about technological 
features and real-
world cases. 

“A good case could 
help us easier to 
understand.” 

2. Include case studies to 
better illustrate DM 
potential and include 
more advanced 
technological features. 

3. A lack of questions 
to trigger idea 
generation. 

“Give more questions 
to inspire us.” 
 

3. Provide more questions 
on each scenario card to 
trigger idea generation. 

Us
ab

ili
ty

 2. Illustrations 
were easy to 
understand 
and inspiring. 
 

4. Too much text 
 

“Cutting down the 
descriptions to simple 
short sentences would 
be beneficial (if 
possible, bullet 
points).” 

4. Reduce and organise 
text on scenario cards as 
much as possible. 
 

5. Cultural difference 
 

“One thing to do better 
is to take into 
consideration the 
context of the reader.” 

5. Make scenario 
descriptions more 
applicable in various 
contexts. 

Idea generation diagram 

 Worked Did not work 
Examples of 
suggestions from 
participants 

Recommendations for 
improvements 

Ef
fe

ct
iv

en
es

s 

3. Focus on a 
complete PSS 
lifecycle. 

6. A lack of support 
for idea generation 
using the diagram 
 

“Grouping of questions 
per life cycle stages. 
“Have you thought 
of…?” 

6. Support the diagram 
with questions or use 
guidelines.  

7. A lack of 
guidelines where to 
start and finish the 
idea generation 
process. 

“Make us think about 
our concept step-by-
step.” 
 
“If the diagram could 
have more rules and 
activities it will be 
better.” 

7. Provide more specific 
step-by-step guidelines of 
the toolkit application 
process, particularly 
emphasising how to start 
and finish. 

Us
ab

ili
ty

 4. Works as 
guidance and 
provides a big 
picture of a 
concept 

8. Confusion linked 
to two different DM 
categorisation: 
customer 
involvement and 
company’s 
openness. 

“It is not easy to map 
on the diagram. 
[Customer involvement 
icons] need to be 
simplified or re-
categorized and help 
user to understand the 
contents easier.” 

8. Simplify the diagram, 
keep PSS life cycle 
stages and remove 
Customer Involvement 
and Company’s 
Openness, potentially 
replacing them by a 
different axis. 

 
 

6.3 The second version of the DM applied to PSS design toolkit 
 

The toolkit’s design has been revised and updated according to the findings from the first 
empirical testing with design students. All recommendations of improvements summarised in 
the table above have been considered in the updated version of the toolkit. This section 
describes new features of the second version of the DM applied to PSS design toolkit. 
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6.3.1  Development of scenario cards’ selection diagrams 
 

Students identified that the first version of the DM applied to PSS design toolkit lacked step-
by-step use guidelines and instructions of how to start. For this reason, four scenario cards’ 
selection diagrams have been introduced. The aim of the card selection diagrams is to 
enable toolkit’s users to identify and select relevant scenario cards avoiding the need to read 
all of them. Cards’ selection diagrams classify scenario cards according to 1] PSS 
implementation barriers they address; 2] PSS life cycle stages they tackle; 3] key DM 
features they include; and 4] a combination of all three. Each diagram has a distinctive 
shape and their contents are described below.  
 

PSS implementation barriers scenario cards’ selection diagram (Figure 6.9) 
The heptagon-shaped diagram is created for users who 1] are familiar with PSS 
implementation barriers their existing PSS face, or 2] are aware of PSS barriers their 
(potential) competitors experience. The diagram classifies scenario cards into seven 
categories of PSS implementation barriers collected through the literature review. PSS 
barriers for companies are divided into four categories: Internal mind-set (1); Knowledge and 
expertise (2); Financial resources (3); and External collaboration (4). PSS barriers for 
customers are split into three categories: Knowledge about PSS (5); Cultural mind-set (6); 
and Use of products and services (7). Each category is allocated a distinctive colour and 
briefly described (8). Near-future scenarios in each category are represented in numbers (9). 
The PSS implementation barriers scenario cards’ selection diagram encourages its user to 
think of PSS implementation barriers their company (10) and/or customers (11) experience. 
Users are supposed to read and discuss each PSS barrier category and select scenario 
cards relevant to their PSS. 
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Figure 6.9: ‘PSS implementation barriers’ scenario cards’ selection diagram 

 

PSS life cycle stages scenario cards’ selection diagram (Figure 6.10) 
The circle-shaped diagram is created for users who 1] wish to improve a particular stage of 
their existing PSS, or 2] design a new PSS stage-by-stage. The diagram classifies scenario 
cards into four PSS life cycle stages: Design (1); Material production and Manufacturing (2); 
Use (3); and End-of-life (4). The Distribution stage has been removed from the PSS life 
cycle stages since it contained only one scenario card. Distribution is intuitive and included 
in all life cycle stages because of the toolkit’s focus on Distributed Manufacturing. Brief 
descriptions of each stage are provided around the diagram (5). Heptagon-shaped numbers 
represent near-future scenario cards and their colours refer to PSS implementation barrier 
categories (6). The diagram users are meant to either select cards from a specific life cycle 
stage or explore DM applied to PSS opportunities for each PSS life cycle stage. 
 



6. DM APPLIED TO PSS DESIGN TOOLKIT | 184 
 

 
Figure 6.10: ‘PSS life cycle stages’ scenario cards’ selection diagram 

 

Key DM features scenario cards’ selection diagram (Figure 6.11) 
The triangle-shaped diagram is created for users who wish to innovate their existing or 
create new PSS by implementing specific DM features. The diagram classifies scenario 
cards according to three key DM features: Manufacturing localisation (1); Customer-
orientation (Personalisation) (2); and digital and physical technologies (3). Characteristics of 
each key DM features are listed outside each category of the diagram (4). Just like in PSS 
life cycle stages diagram, this scenario card selection diagram contains coloured heptagon-
shaped numbers of the scenario cards (5). Its users are free to select scenario cards from a 
specific DM feature category or consider all features in their PSS solution. 
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Figure 6.11: ‘Key DM features’ scenario cards’ selection diagram 

 

Overall DM and PSS scenario cards’ selection diagram (Figure 6.12) 
The rectangle-shaped diagram combines all three formerly introduced cards’ selection 
diagrams. It is created for users who wish to improve each PSS life cycle stage with key DM 
features. The overall DM and PSS scenario cards’ selection diagram consists of two axes: 
PSS life cycle stages (1) and key DM features (2). At the bottom of the diagram coloured 
heptagons refer to PSS implementation barrier categories from the first PSS implementation 
barrier scenario cards’ selection diagram (3). Each intersection of axes contains numbers of 
scenario cards addressing a specific PSS life cycle stage and containing a specific key DM 
feature (4). The overall DM and PSS diagram provides an overview of DM and PSS 
combination and enables its users to select very specific scenario cards. 
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Figure 6.12: Overall DM and PSS scenario cards’ selection diagram 

 

6.3.2  Improvements made to near-future scenario cards 
 

In short, the participants of the first empirical toolkits application found scenario cards 
engaging and illustrations particularly inspiring. For this reason, scenario illustrations were 
left unchanged. Nevertheless, students required changes related to scenario descriptions, 
idea-triggering questions, and more information regarding DM. The introduction of the 
scenario cards’ selection diagrams also caused changes to the scenario cards. The 
following features implemented in the scenario card are illustrated in Figure 6.13 and 
discussed below. 
 
First of all, scenario descriptions were reworded to be less specific and applicable in various 
contexts (1). Secondly, PSS implementation barriers addressed by each scenario were 
included in each card (2). In relation to PSS implementation barriers, scenario number has 
been changed to have the same look as in the scenario cards’ selection diagrams (3). PSS 
life cycle stage(s) addressed by the scenario were introduced under the scenario illustration 
with the circle icon corresponding to the cards’ selection diagram (4). In the same way, the 
key DM feature(s) included in the scenario were listed underneath (5). A DM case study 
illustrating a specific DM feature described in the scenario has been outlined and illustrated 
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on the back side of the scenario card (6). Scenario limitations and benefits have been 
organised and described with bullet-points in order to improve the ease of reading (7). 
Based on the requests from the empirical study participants, more idea-triggering questions 
have been introduced to support idea generation process (8). The background of the 
questions has been changed into neutral grey, so only colours related to PSS 
implementation barriers have been left on the card (9). Finally, participants of the empirical 
study required more information about DM, so additional cards better describing DM 
features, such as Additive Manufacturing and monitoring technology have been introduced. 
As a result, the number of scenario cards increased from 35 to 44. 
 

  
Figure 6.13: Changes made to the front and back sides of the second version of the near-future scenario card 

 

6.3.3  Improvements made to the idea generation diagram 
 

The empirical application of the first version of the toolkit confirmed that the idea generation 
diagram assisted PSS life cycle-oriented thinking. For this reason, it was decided to keep the 
horizontal PSS life cycle stages axis (1) in the updated version of the diagram (Figure 6.14). 
The idea generation diagram contains the same four stages of the PSS life cycle stages 
scenario cards’ selection diagram (Section 6.3.1). What is more, Customer involvement and 
Company’s openness, the elements identified as confusing and difficult to comprehend have 
been removed from the idea generation diagram. In the updated version of the diagram, the 
vertical axis represents the three key DM features: application of digital and physical 
technologies, localisation of manufacturing and personalisation (customer-orientation) (2). 
The final improvement made to the idea generation diagram is enhanced focus on the 
service element of PSS (3). Since DM triggers a strong focus on a product element 
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(because of the “manufacturing” aspect), encouraging service-oriented thinking is crucial for 
successful PSS development. 
 

 
Figure 6.14: The second version of the idea generation diagram 

 
 

6.4 Empirical application II: Structured interviews with experts  
 

The second version of the DM applied to PSS toolkit has been empirically tested with 
experts, companies, design agencies, and students. The first testing in a form of structured 
interviews has been carried out with experts from PSS- and/or DM-related backgrounds 
(Figure 6.15). This research study aimed at evaluating toolkit’s effectiveness and usability, 
as well as the completeness of its contents by taking advantage of experts’ knowledge. This 
section introduces participants, outlines data collection activities, discusses results, and 
summarises recommendations for improvements. 
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Figure 6.15: Structured interviews with PSS and/or DM experts 

 

6.4.1  Participants, activities and data collection methods 
 

The first testing of the second version of the DM applied to PSS design toolkit has been 
conducted with 9 participants: three experts from DM-related fields, two experts with PSS-
related backgrounds and four experts with competences in both DM and PSS (Table 6.4). 
Five participants were academics (educators and researchers) and four of them were 
industry professionals. Two experts (EX1, EX6) already took part in the semi-structured 
expert interviews implemented in Descriptive Study I and were familiar with the research 
scope and initial findings. 
 
Table 6.4: Profiles of PSS and/or DM experts 

Expert ID Area of expertise Expert position 

EX1 DM and PSS – Data-driven innovations 
and circular economy Academic Fellow - Academia 

EX2 DM – Additive Manufacturing Senior Lecturer - Academia 

EX3 DM and PSS – Servitisation and supply 
chain operations Head of strategy and innovation - Industry 

EX4 DM – Logistics Director of operations - Industry 
EX5 DM and PSS – Logistics Quality co-ordinator - Industry 
EX6 DM – Open-source projects  Strategic designer, Entrepreneur - Industry 
EX7 PSS – Socio-technical sustainability Professor - Academia 

EX8 DM and PSS – Business model 
innovation and circular economy Lecturer - Academia 

EX9 PSS – Sustainability in industrial 
practices Senior lecturer - Academia 
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All experts were contacted via email and invited to take part in two-hour face-to-face mini-
workshops with no more than two participants attending one session. In total, six sessions 
were carried out. During the mini-workshop, experts were introduced to the research 
background and every element of the DM applied to PSS design toolkit. Later, they were 
asked to select five scenario cards each using any of the cards’ selection diagrams. Experts 
were given some time to get familiar with the contents of the cards’ selection diagrams, 
scenario cards, and the idea generation diagram. The researcher facilitated all sessions and 
was present to support the participants. After participants made themselves familiar with the 
toolkit’s contents, they were asked to answer prearranged questions related to 
completeness, effectiveness, and usability of the cards and the diagrams. Answers were 
noted down and recorded using an audio recorder. At the end of each session, experts were 
also asked to respond to scale questions in order to provide quantitative feedback (Table 
6.5). Questions given to experts were composed in the same way as those used in 
questionnaire surveys in the previous workshop and the upcoming ones in order to receive 
consistent feedback from all evaluation studies. The experts’ responses to qualitative and 
quantitative questions are summarised in the following paragraphs. 
 

6.4.2  Results 
 

6.4.2.1 Completeness 
 

The evaluation of the completeness of the scenario cards, cards’ selection diagrams and the 
idea generation diagram aimed at assessing how complete are the contents of each element 
of the toolkit. 
 
Questionnaire results showed that most of the experts rated the completeness of scenario 
cards 5 (excellent) with an average of 4.5 out of total 5 (Table 6.5, question 1). Study 
participants complimented scenario cards clarity and usefulness: “They are good, they are 
easy to relate with what you are doing.” (EX4). However, experts emphasised that cards still 
contain too much text and are too context-specific: “Storytelling is very important. Make it 
simple and culturally diverse.” (EX6). On the contrary, the completeness of the idea 
generation diagram received the lowest evaluation rate of all the other aspects of the toolkit 
(3.0/5) (Table 6.5, question 9). The feature of the idea generation diagram that must be 
improved is its ability to support service-oriented thinking: “PSS stages are very generic. 
Think about incorporating both – products and services.” (EX1). Most of the respondents 
rated cards’ selection diagrams 4 (good) and 3 (sufficient) with an average of 3.4 out of total 



6. DM APPLIED TO PSS DESIGN TOOLKIT | 191 
 

5 (Table 6.5, question 5). They were missing more elaborated categorisation and better 
explanation of each diagram: “Consider adding more descriptions around categories” (EX9). 
 

6.4.2.2 Effectiveness 
 

Assessment of the effectiveness of each element of the toolkit aimed at demonstrating 1] 
how well the toolkit facilitates an understanding of potential benefits of DM application to 
PSS and 2] how well the toolkit supports the idea generation process. 
 

Understanding the potential benefits of DM 
The great majority of the study participants rated scenario cards ability to provide information 
about DM benefits 4(good) (4.0/5) (Table 6.5, question 2): “I definitely understood DM 
potential” (EX5). However, the experts identified the absence of the diversity of DM case 
study examples: “You can consider differentiating examples according to size of companies” 
(EX9). On the contrary, the ability of cards’ selection diagrams to give an understanding of 
DM benefits was rated 2 (poor) by most of the experts, with an average of 3.1 out of total 5 
(Table 6.5, question 6). Diagrams were identified as difficult to be related to specific 
business cases: “'You need to understand what companies really need in terms of DM 
application” (EX8). The idea generation diagram received a similar evaluation from the 
experts (3.2/5) (Table 6.5, question 10). According to the experts, the toolkit has a ‘negative’ 
approach, since it is build using PSS implementation barriers, and requires a more 
encouraging, positive input for successful DM application to PSS: “Companies would like to 
start from inspiration/opportunities. Not from barriers, not from something negative” (EX9).  
 

Idea generation 
Although the experts were not asked to generate ideas after selecting scenario cards, they 
were asked to imagine how the idea generation could work using the toolkit. As a result, 
toolkit’s ability to support idea generation received the lowest evaluation rates from the 
experts. Although nearly half of the experts rated the ability of scenario cards to support idea 
generation 5 (excellent), a third of the participants rated it as 2 (poor), with an average of 3.9 
out of total 5 (Table 6.5, question 3). Academic participants described cards as a great 
educational tool, containing sufficient amount of information for students to learn about DM 
and PSS: “With such level of detail, it makes it a perfect educational tool” (EX8). However, 
for professionals, cards were too specific and restricting idea generation process: “It is 
missing a challenge” (EX7). Most of the experts rated cards’ selection diagrams 3 (sufficient) 
(3.3/5) (Table 6.5, question 7) and the idea generation diagram 2 (poor) with an average of 
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3.0 out of total 5 (Table 6.5, question 11) to support idea generation. All diagrams were 
described as missing guidelines to facilitate their application: “Do get control of the process. 
More structured steps are needed” (EX2). 
 

6.4.2.3 Usability 
 

Evaluation of the usability of the DM applied to PSS design toolkit aimed at assessing ease of 
use of the scenario cards, cards’ selection diagrams and the idea generation diagram. 
 
Usability of the scenario cards received high evaluation rates from study participants (4.3/5) 
(Table 6.5, question 4). Experts were satisfied with the way scenarios were described and 
illustrated: “It is good that they are written in English and not in PhD” (EX5). However, some 
experts found the word ‘barrier’ somehow confusing: “"Barrier" is a bit misleading. I would 
not put it on cards” (EX6). In terms of cards’ selection diagrams, most of the experts chose 
the overall diagram to select their scenario cards. Two experts chose PSS implementation 
barrier cards’ selection diagram, while the PSS life cycle stages diagram and the key DM 
features diagram were chosen by one expert each. The majority of the experts rated the 
usability of the cards’ selection diagrams 4 (good) (3.2/5) (Table 6.5, question 8). They 
identified visual diagrams’ representation appealing: “I like different geometry” (EX1). 
Despite that, the colours can be improved: “Blue colours are difficult to differentiate” (EX5). 
The idea generation diagram was rated 3 (sufficient) in terms of usability by most of the 
experts (3.4/5) (Table 6.5, question 12). Experts argued that the diagram is not necessary, 
and the creative process can be carried out without using the diagram: “It can exist, but the 
diagram is not a necessity. I would put ideas on a wall and make clusters myself” (EX8). 
 
Table 6.5: Quantitative feedback from PSS and/or DM experts collected to evaluate the completeness, 
effectiveness, and usability of the second version of the toolkit 

Scenario Cards 

 
Question 

Evaluation 
1 Very 
poor 

2 
Poor 

3 
Sufficient 

4 
Good 

5 
Excellent Average 

Co
m

pl
et

en
es

s 

1. To what extent are the 
contents of the scenario 
cards sufficient? 

0% 0% 13% 25% 62% 4.5 
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Ef
fe

ct
iv

en
es

s  
2. To what extent the 
scenario cards helped you 
to understand the 
potential benefits of DM 
applied to PSS? 

0% 0% 14% 72% 14% 4.0 

3. To what extent are the 
scenario cards useful for 
idea generation process? 

0% 29% 0% 29% 42% 3.9 

Us
ab

ili
ty

 

4. To what extent are the 
scenario cards easy to 
use? 

0% 0% 14% 43% 43% 4.3 

Card Selection Diagrams 
 

Question 
Evaluation 
1 Very 
poor 

2 
Poor 

3 
Sufficient 

4 
Good 

5 
Excellent Average 

Co
m

pl
et

en
es

s 

5. To what extent are the 
contents of the card 
selection diagrams 
sufficient? 

0% 12% 38% 50% 0% 3.4 

Ef
fe

ct
iv

en
es

s 

6. To what extent the card 
selection diagrams helped 
you to understand the 
potential benefits of DM 
applied to PSS? 

0% 37% 25% 25% 13% 3.1 

7. To what extent are the 
card selection diagrams 
useful for idea generation 
process? 

0% 25% 37% 25% 13% 3.3 

Us
ab

ili
ty

 

8. To what extent are the 
card selection diagrams 
easy to use? 

0% 23% 33% 44% 0% 3.2 

Idea generation diagram 

 Questions 
Evaluation 
1 Very 
poor 2 Poor 3 

Sufficient 
4 
Good 

5 
Excellent Average 

Co
m

pl
et

en
es

s 

9. To what extent are the 
contents of the idea 
generation diagram 
sufficient? 

0% 33% 33% 33% 0% 3.0 

Ef
fe

ct
iv

en
es

s 10. To what extent the 
idea generation diagram 
helped you to understand 
the potential benefits of 
DM applied to PSS? 

0% 20% 40% 40% 0% 3.2 
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11. To what extent is the 
idea generation diagram 
useful for idea generation 
process? 

0% 40% 20% 40% 0% 3.0 
Us

ab
ili

ty
 

12. To what extent is the 
idea generation diagram 
easy to use? 

0% 0% 60% 40% 0% 3.4 

 

6.4.3  Limitations of the study with experts 
 

Although the study helped to collect feedback from 9 knowledgeable experts, it had some 
limitations linked to time constraints and the diversity of experts’ backgrounds within PSS 
and DM fields. Experts were not asked to develop ideas, only to simulate the application of 
the toolkit. As a result, their feedback about the idea generation process might be 
inaccurate.  
 

6.4.4  Recommendations for improvements 
 

The evaluation study carried out with academics and experts helped to identify the strengths 
and weaknesses of the second version of the DM applied to PSS design toolkit. Toolkit’s 
completeness has been assessed for the first time with required improvements identified. 
Table 6.6 summarises toolkit’s strengths and weaknesses along with recommendations for 
improvements to be implemented into the next version of the toolkit. 
 

Scenario cards 
Responses to quantitative questions summarised in Table 6.6, shows that the experts found 
scenario cards more complete, effective and usable than other elements of the toolkit. New 
features introduced to the second version of the cards were assessed positively by the 
experts: increased number of questions provided clarity along with DM case studies and 
better-organised text made it easier to read scenario cards. However, a number of 
improvements to address the weaknesses discussed in the results section can be 
summarised as follows: 1] Scenarios presented on cards have to be less context-dependant 
and applicable in various cultures; 2] The text on both sides of the cards should be reduced 
where possible; 3] DM case study examples have to be more diverse in terms of the size of 
companies; 4] Scenario descriptions, questions, and provided guidelines have to better 
encourage idea generation; and 5] Descriptions of PSS implementation barriers each 
scenario addresses must be presented in a more sensitive way. 
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Cards’ selection diagrams 
To some extent cards’ selection diagrams achieved its goal and supported the selection of 
scenario cards. The overall cards’ selection diagram has been selected by more than half of 
the study participants, while PSS life cycle stages and key DM features cards’ selection 
diagrams have been chosen by only one expert each. Diagrams received a positive 
evaluation from industry experts in terms of the completeness and usability. However, the 
diagrams require further improvements to be implemented in the future version. Firstly, the 
categories in cards’ selection diagrams need to be divided into subcategories with 
explanations of each of them. Secondly, specific use guidelines have to be outlined for each 
diagram and different user groups. Finally, colour coding must be improved making colours 
more distinctive and recognisable. 
 

Idea generation diagram 
Quantitative feedback from study participants shows that the idea generation diagram most 
of all other elements of the toolkit failed to achieve its goal. Experts were questioning its 
usefulness and potential to support product- and service-oriented thinking. Feedback from 
experts helped to define recommendations for new features to be applied to the updated 
version of the diagram. Firstly, the diagram must have a stronger focus on the service 
element. Secondly, the idea generation diagram can be improved to encourage a more 
positive approach to the creative process. For those starting idea generation from 
addressing PSS implementation barriers, the toolkit provides a negative overview. Finally, 
the diagram must be supported with use guidelines explaining to the user how to carry out 
the idea generation process. 
 
Table 6.6: Recommendations for new features to be implemented in the second version of the toolkit 

Scenario cards 

 Worked Did not work 
Examples of 
suggestions from 
participants 

Recommendations for 
improvements 

Co
m

pl
et

en
es

s 1.Easy to relate 
to different 
business 
 
2. Questions are 
useful 
 

1. Scenarios 
difficult to relate 
to different 
cultural contexts 

“Make scenarios more 
culturally diverse.” 

1. Make scenarios context-
independent and applicable 
in different cultures. 
 

2. Too much 
text, with 
specific barriers 
to be improved 

“"PSS" is quite 
repetitive. Keep 
descriptions plain and 
simple.” 

2. Reduce the text where 
possible (keeping the 
essential information). 
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Ef
fe

ct
iv

en
e s

s 
3. Case studies 
provide 
understanding 
 
4. Works well for 
educational 
purposes 

3. A lack of 
diversity in case 
study examples 

“Card 21 - contains big 
company example. 
Could be a small one. 
Choose different levels.” 

3. Make case studies more 
diverse. 

4. Too specific 
scenarios with a 
missing 
“challenge” for 
idea generation 

“The toolkit is very 
strategic. Especially 
questions. And there is 
too much of information 
provided to generate 
ideas.” 

4. Improve scenario ability 
to support idea generation: 
simplify scenario 
descriptions, reword 
questions, provide 
guidelines. 

Us
ab

ili
ty

 

5. Easy to read 
and understand 

5. The 
misleading and 
negative word 
“barrier” 

“"Barrier" is a bit 
misleading. I would not 
put them on cards. 
Maybe a quick 
illustration representing 
what struggles (pain 
points) this scenario can 
help to overcome.” 

5. Replace the word 
“barrier” with a more 
appropriate and less 
negative one. Improve 
barrier descriptions. 

Card selection diagrams 

 Worked Did not work 
Examples of 
suggestions from 
participants 

Recommendations for 
improvements 

Co
m

pl
et

en
es

s 

6. Useful for 
companies 
 

6. A lack of 
categorisation 

“However, it is 
confusing, categories 
need clear descriptions 
about what each of it 
contains.” 

6. Divide card selection 
diagrams into 
subcategories and explain 
each of them. 

Ef
fe

ct
iv

en
es

s  7. The overall 
diagram is the 
most 
comprehensive 
and applicable 

7. Difficult to 
relate to specific 
business cases 

“It is difficult to get in. 
difficult to relate to your 
own business. Find a 
better way to engage 
users.” 

7. Describe specific 
guidelines for each diagram 
and different user groups. 8. More specific 

guidelines 
required for the 
diagram use 

“Structure the card 
selection process a bit 
better. Maybe you can 
create a game that 
helps focusing on 
something specific and 
narrow the process step 
by step.” 

Us
ab

ili
ty

 

8. Well 
designed, 
especially 
different shapes 
for each 
diagram 

9. Too similar 
and confusing 
colours 
 
 

“Blue colours are difficult 
to differentiate.” 

8. Improve colour coding, 
make colours more 
distinctive and 
recognisable. 

Idea generation diagram 

 Worked Did not work 
Examples of 
suggestions from 
participants 

Recommendations for 
improvements 
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Co
m

pl
et

en
es

s 
9. Two axes is a 
good way to 
categorise 
scenarios/ideas 

10. A lack of 
focus on a 
service element 

“Consider making the 
axes based on types of 
PSS, not product-
centred.” 

9. Emphasise the service 
element to make toolkit 
users focus on it. 

Ef
fe

ct
iv

en
es

s 

10. Provides a 
good overall 
picture of a 
concept 

11. The 
negative 
approach to the 
overall toolkit 
caused by focus 
on barriers 

“In the future barriers 
might not apply. Think 
about other, more 
positive approach.” 

10. Make barriers less 
present and emphasised. 

12. A lack of 
guidelines for 
idea generation 
process 

“More guidelines for 
idea navigation. 
Something that shows 
idea inclination - if user 
focuses on one corner 
of the diagram, how to 
encourage him/her to 
also develop ideas in 
other areas?” 

11. Support the diagram 
with guidelines for idea 
generation and positioning 
on the diagram, or outside 
it. 

Us
ab

ili
ty

 11. Has the 
potential to be 
interpreted and 
used in a 
flexible manner 

13. A lack of 
usefulness  

“It can exist, but the 
diagram is not a 
necessity. I would put 
ideas on a wall and 
make clusters myself.” 

 
 

6.5 Empirical application III: Workshops with companies and 
design agencies 

 
The second empirical testing of the second version of the DM applied to PSS design toolkit 
has been conducted with companies and design agencies (Figure 6.16). The testing 
involved toolkit’s target users – manufacturers and design practitioners – and aimed at 
evaluating toolkit’s completeness, effectiveness, and usability. This section discusses the 
procedure and study findings, as well as summarises recommendations for potential toolkit’s 
improvements. 
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Figure 6.16: Toolkit’s evaluation workshop with food production and distribution company  

 
6.5.1  Participants, activities and data collection methods 

 
Companies and design agencies operating in the South of Brazil were selected to test DM 
applied to PSS design toolkit in idea-generation workshops. Brazilian context has been 
chosen for two reasons. Firstly, the LeNSin project activities (i.e. the pilot course) took place 
in Brazil and, as a result, convenience sampling was adopted. The second reason is the 
overall willingness of Brazil to adopt PSS solutions. 49% of Brazil’s population live in rural 
areas or shantytowns and survives on minimal incomes (Santos et al., 2009). A lack of 
financial resources encourages people to share common goods and rely on their neighbours 
and communities (Santos, 2014). PSS practices in Brazil develop as a necessity rather than 
an intentional solution. PSS design courses implemented in the universities around Brazil 
raise generations of designers with a strong PSS focus. Furthermore, Brazil is considered as 
one of the world’s emerging countries and constantly seek to adopt “Western lifestyles” 
(Schäfer et al., 2011). Brazil is attracting attention from companies worldwide that wish to 
access its consumers, producers, and entrepreneurs (Santos et al., 2009). The study 
organised to evaluate the design toolkit aimed at companies and design agencies with a 
strong focus on improving the PSS development in the Brazilian context. 
 
A local LeNSin project partner with an extended contact list acted as a middleman and 
facilitated participant recruitment process. An open call of participation in the study was 
disseminated via email to all companies’ and agencies’ employees. Workshops were 
presented to the potential participants as short training sessions to highlight the benefits of 
participating. In total, 91 participants from four manufacturing companies and two design 
agencies agreed to take part in the testing of the toolkit. Participating companies were major 



6. DM APPLIED TO PSS DESIGN TOOLKIT | 199 
 

food, hydraulic systems, car and cleaning equipment manufacturers. Companies’ employees 
participating in studies were from various roles, ranging from management to the creative 
sector. Designers from design agencies were specialising in bespoke product and service 
solutions (Table 6.7). All participating businesses were familiar with Product-Service 
Systems concept and had PSS business model implementation in their near future plans. In 
total, five two-hour creativity sessions were carried out within two weeks-time: one for each 
manufacturing company and a joint session for the design agencies. Each workshop has 
been carried out within the premises of each company. 
 
Taking into consideration the busy schedules of industry professionals, workshops were 
planned to get most out of them. Each workshop started with a brief 20-minute introductory 
presentation, providing an overview of PSS and DM and the design toolkit. Later, 
participants already split into groups prior to the workshop, were given one hour to apply the 
toolkit to generate PSS ideas for their particular business contexts. Each creativity session 
was ended with 40-minute group presentations and a collective discussion. Workshops were 
supervised by the researcher and the local LeNSin project partner. The researcher carried 
out participant observations during all workshops and analysed participants’ ideas after each 
workshop. For giving more time for actual toolkit’s application and discussions, questionnaire 
surveys were emailed to each participant straight after the study. Only after returning 
completed questionnaire surveys participants were eligible to receive certificates of 
attendance. The following text outlines study results and summarises potential 
improvements to be integrated into the updated version of the DM applied to PSS design 
toolkit. 
 
Table 6.7: Companies and design agencies that took part in the empirical testing of the second version of the 
toolkit  

Workshop ID Industry focus Number of 
participants 

W1 Food production and distribution 46 
W2 Hydraulic systems manufacturing 7 
W3 Industrial cleaning equipment manufacturing 16 
W4 Vehicle production 12 
W5 Bespoke design solutions 13 
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6.5.2  Results 
 

6.5.2.1 Completeness 
 

The evaluation of the completeness of the DM applied to PSS design toolkit aimed at 
assessing contents of each element of the toolkit. Table 6.8 shows that completeness of the 
scenario cards, most of the cards’ selection diagrams and the idea generation diagram were 
evaluated as 5 (excellent) by most of the participants. In general, companies’ and agencies’ 
employees gave higher evaluation points to all aspects of the toolkit compared to the 
feedback from the experts. Qualitative results from questionnaire surveys show that the 
study participants appreciated the relevance of the near-future scenarios: “All descriptions 
are complete, and clear, so it’s easy to understand and relate to our roles” (W3). However, 
some participant found scenario cards too technology-oriented: “My difficulty in course 
[workshop] is about the situation because of technology, factory” (W1). 
 
Regarding the cards’ selection diagrams, the overall DM and PSS diagram has been 
evaluated as the best of all four cards’ selection diagrams (4.7/5) (Table 6.8, question 16): 
“This one shows connections between categories, which I think is really good” (W5). On the 
contrary, PSS implementation barriers cards’ selection diagram was rated 4 (good) by most 
of the study participants, with an average of 4.2 out of total 5 (Table 6.8, question 7). 
Companies’ and agencies’ employees found it complex and difficult to comprehend: “Maybe, 
it could have less options to simplify the choices” (W4). 
 
The axes of the idea generation diagram were described as easy to comprehend; however, 
they can be supported with more explanations: “We understood as a sequence. Maybe you 
could put a legend on each box explaining better the propose” (W2). 

 

6.5.2.2 Effectiveness 
 

Evaluation of the effectiveness of the toolkit aimed at 1] showing an understanding of 
potential DM benefits caused by the scenario cards and the idea generation diagram; 2] 
demonstrating how well the latter can support initial idea generation; and 3] demonstrating 
how effectively the cards’ selection diagrams support the cards’ selection process. Since the 
previous idea generation session with design students proved that the toolkit successfully 
supported PSS life cycle-oriented thinking, this aspect was not included in the empirical 
testing with companies and design agencies. 
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Understanding the potential benefits of DM 
The analysis of the ideas developed by companies showed that they covered all key DM 
features (Figure 6.17): the localisation of manufacturing: “Professionals with knowledge in 

the local languages to guarantee the quality of the local service” (W2); the customer-

orientation: “Products: the clients choose the ingredients to personalise the meal” (W1) and 

the application of technologies: “Input sensors in requests, tickets and DM-related activities, 

to make Big Data and with that understand the client needs and apply that to improve our 

activity” (W5). According to the results from questionnaire surveys, the ability of scenario 

cards to understand DM benefits was rated 5 (excellent) with an average of 4.4 out of total 5 

(Table 6.8, question 3). The same aspect of the idea generation diagram has been 

evaluated mostly as 4 (good) (4.3/5) (Table 6.8, question 20). The study participants did not 

suggest any potential improvements to be implemented in the idea generation diagram: “I 

believe that with the synthesis process, the diagram already presents satisfactorily the 

potential benefits” (W2). 

 

 

Figure 6.17: Ideas developed for each PSS life cycle stage and all DM features 
 

Idea generation 
During five idea generation workshops companies’ and agencies’ employees generated 125 
ideas, around 7 ideas per group. Similar to the creativity session with the students in 
Tsinghua University, ideas of industry professionals varied between generic and specific: 
33% of all ideas were generic and 65% were specific to particular projects. Only 2% of the 
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ideas were irrelevant. Compared to students, industry professionals developed more specific 
ideas, likely caused by their experience or the fact that ideas were related to real business 
cases. Each company came up with ideas relevant to their industry focus: 1] Food: “Location 

idea: shop, BRF kiosk and vending machine” (W1); 2] Hydraulic systems: “Product in the 

water that you “drink” is programmed to make a pipe heal in case of damage” (W2); 3] 

Industrial cleaning equipment: “Distribute 3D printers to local [company] dealers and enable 

them to print disposable bags” (W3); 4] Vehicles: “Van that goes to the customer location 

(garage) and prints parts. Benefits them, install, etc.” (W4); 5] Public transport (by design 

agencies): “Collect data from bus companies about where to better plan the bus route” (W5). 

The range of ideas proofed the toolkit’s ability to support various business sectors. It was 

observed that designers and employees with creative roles (e.g. innovation managers) found 

it easier and more intuitive to generate ideas using the provided toolkit compared to 

participants with non-creative roles (e.g. supply chain planner). 

 

The results from questionnaire surveys showed that most of the study participants rated the 
idea generation using scenario cards 5 (excellent) (4.4/5) (Table 6.8, question 4). Industry 
professionals were particularly satisfied with the cards’ ability to facilitate lively group 
discussions: “The cards are necessary for everyone start a discussion about Manufacturing 
Distribution” (W3). However, according to some participants, cards were not well organised 
and caused difficulties in reading them during a short creative session. Moreover, study 
participants noticed similar scenario cards: “during the workshop my group was directed to 
two very similar cards (about hygiene) that could be merged into one card” (W4). Results 
from scale questions show that the idea generation diagram has been rated 4 (good) by 
most of the study participants and required further improvements. The diagram’s ability to 
support the idea generation process received lowest evaluation mark (4.1/5) (Table 6.8, 
question 21), however, it was helpful sorting out the ideas: “The diagram is not so efficient to 
generate ideas, but to organize them” (W2). The diagram also lacked use guidelines and the 
initiation of group discussion: “As we will use post-its, you could put more information inside 
the boxes. And questions that inspire discussion” (W5). 
 

Cards’ selection 
The overall DM and PSS cards’ selection diagram has been applied by 10 out of 19 groups 
attending the workshops. The second most used cards’ selection diagram was PSS 
implementation barriers diagram applied by three groups. Two groups used the key DM 
features diagram. The remaining four teams chose to browse all scenario cards along with 
the idea generation diagram. The PSS life cycle stages diagram has not been used by any 
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of the groups. The results from questionnaire surveys also showed that the overall DM and 
PSS cards’ selection diagram was identified as the most effective to support cards’ selection 
process: “Having little time its good, in terms of layout I think is very effective” (W5). The 
effectiveness of the PSS life cycle stages diagram received the lowest evaluation rate (4.1/5) 
(Table 6.8, question 11). Study participants identified that the diagram lacked sufficient 
explanations on how to use it: “It could add some step by step with more details how one 
can do the exercise and choose the card correctly” (W1). 
 

6.5.2.3 Usability 
 

The usability of the DM applied to PSS design toolkit aimed at assessing the ease of use of 
each element of the toolkit. 
 
The usability aspect of the scenario cards has been rated 5 (excellent) by most of the 
workshop participants, with an average of 4.5 out of total 5 (Table 6.8, question 6). Industry 
experts appreciated the layout of the cards and their ease of use: “I found the scenario very 
easy to understand and very useful” (W1). However, some participants agreed that the 
scenario cards were text-heavy: “There is a lot of text. I think the key information could be 
more highlighted, featured in some way to help the selection and memorization” (W5). 
Based on the results from scale questions, the overall DM and PSS cards’ selection diagram 
has been evaluated as the most useful (4.7/5) (Table 6.8, question 18). The participants 
found intersecting axes particularly useful and providing the big picture of areas for potential 
improvements: “Really good to select the examples filtering by the desired criteria” (W5). 
However, the diagram can be improved with use guidelines: “I think the diagram could have 
an explanation of how to select cards” (W1). The least useful cards’ selection diagram has 
been named the PSS implementation barriers diagram (4.1/5) (Table 6.8, question 9). The 
majority of the participant had issues with colours the diagram contained: “When we try to 
understand the connection with other diagrams that colour create confusion to understand” 
(W2). 
 
The idea generation diagram has been rated 4 (good) and 5 (excellent) by the equal number 
of the study participants (4.2/5) (Table 6.8, question 23). Industry experts enjoyed the format 
and layout of the diagram: “You have a complete notion of the project you are improving and 
evaluating, the white background is good because you feel freer to add a lot of information, 
drawings, etc.” (W5). On the other hand, the idea generation diagram has been named as 
too customer-oriented and lacking support for companies: “The diagram is for consumer, in 
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this way to be improved it’s need to be more related with the administration, that is, work 
more means of product” (W1). The table below summarises feedback collected from the 
companies’ and agencies’ employees. 
 
Table 6.8: Quantitative feedback collected from companies and design agencies to evaluate the completeness, 
effectiveness, and usability of the second version of the toolkit 

 

Scenario cards 

Question 
Evaluation 
1 Very 
poor 

2  
Poor 

3 
Sufficient 

4 
Good 

5 
Excellent Average 

Co
m

pl
et

en
es

s 

1. To what extent are the 
scenario descriptions 
(including illustrations) easy 
to understand? 

0% 0% 0% 48% 52% 4.5 

2. To what extent are the 
PSS barriers presented on 
each card, relevant to 
scenarios? 

0% 4% 0% 46% 50% 4.4 

Ef
fe

ct
iv

en
es

s 

3. To what extent the 
Scenario Cards helped you 
to understand the potential 
benefits of DM applied to 
PSS? 

0% 0% 9% 43% 48% 4.4 

4. To what extent are the 
Scenario Cards useful for 
idea generation process? 

0% 0% 13% 30% 57% 4.4 

5. To what extent the 
scenario cards helped you to 
stimulate the discussion in 
your group? 

0% 0% 8% 38% 54% 4.5 

Us
ab

ili
ty

 

6. To what extent are the 
Scenario Cards easy to use? 0% 0% 4% 46% 50% 4.5 

 

Cards’ selection diagrams 

Questions 
Evaluation 
1 Very 
poor 

2  
Poor 

3 
Sufficient 

4 
Good 

5 
Excellent Average 

PSS implementation barriers diagram 

Co
m

pl
et

en
es

s 7. To what extent are the 
categories of PSS 
implementation barriers, 
presented in this diagram, 
sufficient enough to explain 
key obstacles for PSS 
development? 

0% 0% 13% 52% 35% 4.2 
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Ef
fe

ct
iv

en
es

s 
8. To what extent is the 
diagram helpful to select 
relevant scenario cards? 

0% 0% 13% 57% 30% 4.2 

Us
ab

ili
ty

 

9. To what extend is the 
diagram easy to use? 0% 5% 17% 43% 35% 4.1 

 PSS life cycle stages diagram 

Co
m

pl
et

en
es

s 10. To what extent are the 
PSS life cycle stages, 
presented in this diagram, 
helpful to consider a 
complete lifecycle of your 
PSS offerings? 

0% 4% 8% 40% 48% 4.3 

Ef
fe

ct
iv

en
es

s 

11. To what extent is the 
diagram helpful to select 
relevant scenario cards? 

0% 4% 8% 60% 28% 4.1 

Us
ab

ili
ty

 

12. To what extent is the 
diagram easy to use? 0% 8% 8% 44% 40% 4.2 

 Key DM features diagram 

Co
m

pl
et

en
es

s 13. To what extent are the 
DM features, presented in 
this diagram, helpful to 
understand the potential of 
Distributed Manufacturing? 

0% 5% 5% 40% 50% 4.4 

Ef
fe

ct
iv

en
es

s 

14. To what extent is the 
diagram helpful to select 
relevant scenario cards? 

0% 4% 10% 48% 38% 4.2 

Us
ab

ili
ty

 

15. To what extent is the 
diagram easy to use? 0% 4% 9% 48% 39% 4.2 

 Overall DM and PSS diagram 

Co
m

pl
et

en
es

s 16. To what extent is the 
diagram helpful to 
understand Distributed 
Manufacturing potential to 
improve PSS development? 

0% 0% 0% 33% 67% 4.7 
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Ef
fe

ct
iv

en
es

s 
17. To what extent is the 
diagram helpful to select 
relevant scenario cards? 

0% 0% 17% 33% 50% 4.3 

Us
ab

ili
ty

 

18. To what extend is the 
diagram easy to use? 0% 0% 0% 33% 67% 4.7 

 

Idea generation diagram 

Question 
Evaluation 

1 Very 
poor 

2 
Poor 

3 
Sufficient 

4 
Good 

5 
Excellent Average 

Co
m

pl
et

en
es

s 

19. To what extent are the 
contents (axes) of the Idea 
Generation Diagram 
sufficient? 

0% 0% 22% 35% 43% 4.2 

Ef
fe

ct
iv

en
es

s 

20. To what extent the Idea 
Generation Diagram helped 
you to understand the 
potential benefits of DM 
applied to PSS? 

0% 0% 4% 64% 32% 4.3 

21. To what extent is the 
Idea Generation Diagram 
useful for idea generation 
process? 

0% 0% 18% 50% 32% 4.1 

22.To what extent the Idea 
Generation Diagram helped 
you to stimulate the 
discussion in your group? 

0% 0% 14% 45% 41% 4.3 

Us
ab

ili
ty

 

23. To what extent is the 
Idea Generation Diagram 
easy to use? 

0% 0% 18% 41% 41% 4.2 

 

It can be seen from Tables 6.5 and 6.8 that quantitative results collected from manufacturing 

companies and design agencies are quite different compared to those collected from 

experts. In general, participants from companies and design agencies gave higher 

evaluation points (with minimum 4.1/5 on average) to all aspects of the toolkit compared to 

experts (with minimum 3.0/5 on average). Such contrast can be caused by the difference in 

the type of participation. Experts did not apply the toolkit to generate ideas and only 

analysed it from the theoretical point of view. Moreover, experts were more likely to be 

critical because of their knowledge and “expert” status and the structured interview method. 

On the contrary, manufacturing companies and design agencies applied the toolkit in a more 

dynamic and informal environment which resulted in more positive feedback. However, 
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participants of both studies agreed (with mostly excellent evaluation scores) that contents of 

the scenario cards were complete and cards themselves easy to use. 

 

6.5.3  Limitations of the study with companies and design agencies 
 

The study experienced some limitations related to a language barrier, duration of the 
workshops and participants’ expertise and roles in companies. In questionnaire surveys, 
participants also provided workshop organisation-related feedback. Struggles expressed by 
the industry professionals helped to identify key limitations. Firstly, nearly all participants 
were native Portuguese speakers and had difficulties in understanding the contents of the 
toolkit: “It would be easier for us if the material was translated” (W1). This limitation has been 
addressed by having a local LeNSin partner acting as an interpreter. Secondly, according to 
the study participants, the amount of time given to complete the creative task was too short: 
“I think it is necessary more than only 2 hours in this course because the topics are very 
interesting and useful” (W4). The short duration of workshops is also a reason for the 
relatively small quantity of ideas developed by each group. Finally, the study participants 
worked in groups together with their colleagues from various roles. Some participants had 
difficulties in idea generation and collaboration with their more creative colleagues: “Before 
starting to work with the tool, we could perform creative activities that awaken the creative 
side of each individual (who often performs certain non-creative functions in the company)” 
(W1). This limitation has been addressed by the workshop facilitators actively supporting 
each group during the creative sessions. 
 

6.5.4  Recommendation for improvements 
 

Five idea generation workshops implemented with companies and designers were 
particularly beneficial to collect feedback from the toolkit’s target users. The studies helped 
to identify the strengths and weaknesses of each element of the toolkit, including all four 
cards’ selection diagrams. The text below discusses, and Table 6.9 summarises toolkit’s 
advantages and potential improvements to be implemented into the updated version of the 
DM applied to PSS toolkit. 
 

Scenario cards 
All aspects of the scenario cards were evaluated as excellent by the study participants. The 
cards were named as easy to understand and use, interesting and thought-provoking. The 
researcher observed that the scenario cards also facilitated lively group discussion. 
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However, some minor improvements need to be considered. First of all, the focus on 
technologies in scenarios needs to be reduces, since the scenario cards are created to 
address all three key DM features. Secondly, the scenario cards need to be better organised 
to facilitate their selection and analysis. Thirdly, similar scenario cards must be removed or 
joined. Finally, the amount of text on the scenario cards need to be reduced where possible.  
 

Cards’ selection diagrams 
The freedom given to industry professionals to choose any of four cards’ selection diagrams 
helped to identify which diagrams they preferred the most. Only four out of 19 groups did not 
use cards’ selection diagrams, the rest of the participants found them supporting relevant 
cards’ selection. Observations helped to identify that the overall DM and PSS diagram was 
selected by more than half of the participants. Participants’ choice shows that, instead of 
choosing individual diagrams, they preferred to have a complete overview of areas scenario 
cards potentially address. The PSS implementation barriers diagram was the second most 
chosen diagrams followed by the key DM features diagram. PSS life cycle stages cards’ 
selection diagram has not been used by any of the groups. Results from the participant 
observations suggest removing PSS life cycle stages diagram since life cycle stages are 
included in the overall DM and PSS diagram. Participants’ feedback in the questionnaire 
surveys suggests the following improvements to be integrated into the updated version of 
the cards’ selection diagrams. Firstly, the categories of each diagram need to be provided 
with more detailed descriptions explaining what each category contains. Secondly, diagrams 
have to be supported with better use guidelines explaining the cards’ selection process. 
Finally, layouts and colours used in the diagrams need to be simplified.  
 

Idea generation diagram 
The results from the study show that the idea generation diagram has partially achieved its 
goals. The format of the diagram was named as easy to use and understand and, to some 
extent, it supported the group work. Moreover, the diagram facilitated the innovation of ideas 
already developed using scenario cards. It can be summarised that together with scenario 
cards the idea generation diagram comprehensively supports the idea generation process. 
However, the results from the creative sessions with industry professionals are summarised 
into the following potential improvements. First, intersections between both axes need to be 
explained, potentially with questions providing information about the combination between 
DM and PSS. Second, company-oriented use guidelines must be provided along with the 
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diagram. Table 6.9 summarises findings from the study with industry professionals and 
outlines potential toolkit’s improvements. 
 
Table 6.9: Recommendations for new features to be implemented in the third version of the toolkit 

Scenario cards 

 Worked Did not work Examples of suggestions from 
participants 

Recommendations 
for improvements 

Co
m

pl
et

en
es

s 

1. Relevant and 
thought-
provoking 

1. Too 
technology-
oriented 

“I think the cards are focused 
in technologies industries, like 
IT, mechanical, etc…, but I 
didn´t find examples that could 
be used in food companies.” 

1. Reduce the focus 
on technologies. 

Ef
fe

ct
iv

en
es

s  

2. Facilitates 
lively group 
discussion 

2. A lack of 
organisation into 
clusters 

“By the same idea of filtered 
information, so the group could 
put the chosen cards all 
together and everybody can 
read the key solutions and 
challenges, maybe the same 
background colour.” 

2. Organise cards to 
facilitate the 
selection of related 
scenario cards. 

3. Some 
scenarios are 
too similar 

“It could be better if the cards 
(probably 34 and 35 about 
hygiene) were merged into 
one, since the idea is very 
similar.” 

3. Eliminate similar 
scenario cards. 

Us
ab

ili
ty

 

3. Easy to 
understand and 
use 

4. Too much 
text 

“In my opinion, they could be 
more direct and simple, with 
less words and just 1 side. If 
we had to read all the card, we 
would spend about 10/15 
minutes.” 

4. Reduce and 
organise textual 
information. 

Cards’ selection diagrams 

 Worked Did not work Examples of suggestions from 
participants 

Recommendations 
for improvements 

PSS implementation barriers diagram 

Co
m

pl
et

en
es

s 

4. Contains all 
the key PSS 
implementation 
barriers 

5. The overall 
complexity of 
the diagram 

“I think the point is, the 
diagram is a little complex, so 
the people that will use in the 
first time needs a special 
support.” 
 
“Maybe, it could have less 
options to simplify the 
choices.” 

5. Simplify the 
diagram both 
textually and visually. 

Ef
fe

ct
iv

en
es

s 

5. The scenario 
car selection is 
easy and 
intuitive 

6. A lack of 
explanation of 
how to use it 

“It could add some step by 
step with more details how one 
can do the exercise and 
choose the card correctly.” 

6. Provide better use 
guidelines. 
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Us
ab

ili
ty

 6. The format 
makes the 
diagram easy to 
use 

7. Colours too 
similar 

“The background who 
represent barriers to clients 
and company could be without 
colours because when we try 
to understand the connection 
with other diagrams that colour 
create confusion to 
understand.” 

7. Improve the colour 
coding. 

PSS life cycle stages diagram 

Co
m

pl
et

en
es

s  7. Provide a 
good 
categorisation of 
PSS life cycle 
stages 

8. Missing 
subcategories 

“It could have some 
specification about 
subcategories, for example, in 
the use category the cards that 
are about maintenance, could 
be differenced from the ones 
about repair, from the access, 
etc.” 
 
“I think it should have a 
division inside the “use”. Take 
the maintenance, repair and 
upgrade a part.” 

8. Provide 
subcategorisation of 
each PSS life cycle 
stage 

Ef
fe

ct
iv

en
es

s  8. Facilitates the 
card selection 
process and 
supports group 
discussion 

9. A lack of 
explanation of 
how to use it 

“I think the diagram should 
have an explanation of how to 
use it.” 

9. Provide better use 
guidelines. 

Us
ab

ili
ty

 

9. The format is 
easy to use 

10. Colours too 
similar and the 
layout is 
confusing 

“Perhaps a possible 
improvement would be to 
organize the diagram from the 
product lifecycle timeline 
(intuitively indicating the order 
in which each step occurs). 
Also the shape and colour of 
the three different diagrams 
could talk to each other better.” 

10. Improve the 
colour coding and 
make the layout 
linear. 

Key DM features diagram 

Co
m

pl
et

en
es

s 

10. Suggests 
innovations 

11. Missing 
information 
about DM 
(subcategories) 

“My suggestion is separating 
the subcategories (for 
example, in hardware: 3d 
printing, 4d printing, sensors, 
etc) by colour.” 
 
“'To understand how new 
hardware and software 
solutions are so helpful on this 
subject.” 

11. Provide more 
information about 
DM features. 

Ef
fe

ct
iv

en
es

s  

11. Supports 
group 
discussion 

12. A lack of use 
guidelines 

“It could add some step by 
step with more details how one 
can do the exercise and 
choose the card correctly.” 

12. Provide better 
use guidelines. 
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Us
ab

ili
ty

 
12. Intuitive and 
easy to use 

13. Colours too 
similar 

“The colours are a problem. 
Red is almost same as orange, 
and the greys are close.” 

13. Improve the 
colour coding. 

Overall DM and PSS diagram 

Co
m

pl
et

en
es

s 

13. Best of all 
card selection 
diagrams 

14. Overall, too 
many cards’ 
selection 
diagrams 

“Why not make only this 
diagram, putting the further 
information in the head of line 
and row?” 
 
“Only one diagram and the 
idea generation sheet, so it 
could be easier to integrate in 
an office routine.” 

14. Consider making 
this diagram the only 
card selection 
diagram. 

Ef
fe

ct
iv

en
e

ss
 14. Helps to 

identify desired 
criteria 

15. Difficult to 
find cards with 
related contents 

“During the workshop my 
group was directed to similar 
cards. It would be good to 
make it easier to find related 
cards.” 

15. Facilitate related 
cards’ selection 
process. 

Us
ab

ili
ty

 15. The layout 
shows the 
connection 
between 
categories 

16. Complicated 
cards’ selection 
process 

“It could add some step by 
step with more details how one 
can do the exercise and 
choose the card correctly.” 

16. Provide better 
use guidelines. 

Idea generation diagram 

 Worked Did not work Examples of suggestions from 
participants 

Recommendations 
for improvements 

Co
m

pl
et

en
es

s  

16. Intuitive and 
easy to 
comprehend 

17. Missing 
explanations 
inside the 
intersecting 
squares 

“As we will use post-its, you 
could put more information 
inside the boxes.” 
 
“We understood as a 
sequence. That we need put 
the same idea in different 
moment. Maybe you could put 
a legend on each box 
explaining better the propose.” 

17. Better explain 
each intersection of 
both axes. 

Ef
fe

ct
iv

en
es

s  

17. Good to 
innovate existing 
ideas 

18. A lack of 
group 
discussion 

“Put questions that inspire 
discussion.” 
 
“Maybe if we had a few 
questions to answer in each 
box to facilitate the 
discussion.” 

18. Provide 
questions to better 
support group 
discussion. 

19. A lack of 
information on 
how to use it 
 

“Like a board game with 
rounds, should have a guide 
step by step. First, do this, 
second do that, then this.” 

19. Provide better 
use guidelines 
highlighting 
companies point of 
view. 

Us
ab

ili
ty

 

18. The format 
facilitates group 
work 

20. Too 
customer-
oriented 

“The diagram is for consumer, 
in this way to be improved it’s 
need to be more related with 
the administration, that is, work 
more means of product.” 
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6.6 Empirical application IV: Workshop with PSS design students 
 

The final empirical application of the second version of the DM applied to PSS design toolkit 
has been carried out with PSS design students (Figure 6.18). The study aimed at evaluating 
toolkit’s effectiveness and usability. Completeness aspect of the toolkit has been evaluated 
only with experts, manufacturing companies and design agencies because of their expertise. 
Students have been identified as lacking experience and knowledge to evaluate the quality 
of the toolkit’s contents. The text below outlines the research activities, discusses the 
findings, and summarises potential toolkit’s improvements. 
 

 
Figure 6.18: Workshop with PSS design students 

 

6.6.1  Participants, activities and data collection methods 
 

4-hour idea generation workshop has been implemented at The Federal University of 
Parana, Brazil. Workshop participants were 19 undergraduate product design students 
attending the PSS design module. Same as the first evaluation study carried out with 
students at Tsinghua University, this workshop was a part of a 2-week pilot course 
organised by the LeNSin project partners. The empirical study-creative activity intended not 
only help the researcher to collect feedback about the toolkit but also support students 
tackling the design challenge introduced at the beginning of the pilot course: to design 
sustainable PSS water solutions for low-income households in the Brazilian context. 
 
The workshop has been scheduled to be implemented during the second part of the pilot 
course when students are already familiar with the problem, PSS and DM and have their 
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initial design ideas. On the day of the workshop students, working in four groups were 
introduced to each element of the DM applied to PSS design toolkit. They were asked to 
apply the toolkit to improve their initial PSS ideas with DM features. Students were provided 
with the complete set of the scenario cards, the overall DM and PSS cards’ selection 
diagram and the idea generation diagram. Being the most successful in the previous studies, 
only the overall DM and PSS cards’ selection diagram was given to the participants to 
simplify their task. Tight workshop schedule allowed students to spend one hour familiarising 
themselves with the toolkit; dedicate two hours for the idea generation using post-it notes; 
and spend one more hour discussing developed ideas and choosing the ones to be 
integrated into the final solution. At the end of the workshop, questionnaire surveys were 
given to each participant to complete. The workshop was facilitated by the researcher and 
three more academics. Participant observations have been carried out throughout the entire 
workshop. Finally, final ideas integrated into all four PSS water solutions presented by 
students were analysed after the workshop. The outcomes from the creativity session with 
students are summarised in the text below.   
  

6.6.2  Results 
 

6.6.2.1 Effectiveness 
 

Effectiveness of the toolkit was assessed using the same criteria as in the study with 
industry professionals. Evaluation of the effectiveness aimed at: 1] demonstrating how well 
the scenario cards and the idea generation diagram support an understanding of potential 
DM benefits; 2] showing the ability of the scenario cards and the idea generation diagram to 
support initial idea generation; and 3] demonstrating how effectively the overall DM and PSS 
cards’ selection diagram support the cards’ selection process. In order to overcome study 
limitations related to the language barrier, students were allowed to write their initial ideas in 
Portuguese. Only the ideas integrated into the final PSS solutions were presented in 
English. The content analysis of this study focused on the final ideas only. 
 

Understanding the potential benefits of DM 
The analysis of the final ideas showed that the students included all key features of DM and 
the toolkit helped its users to identify the potential of DM: the localisation of manufacturing: 
“Mobile FAB LAB will deliver home maintenance”; the customer-orientation: “File download 
and freedom of modification by user (open source)”; and the application of technologies: 
“Smartphone app for reading and storing sensor data”. An absolute majority of the workshop 
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participants gave the highest evaluation rates to the ability of the scenario cards to provide 
an understanding of DM (4.8/5) (Table 6.10, question 1). Students identified case studies as 
particularly helpful: “The examples on the flip side made it very easy”. However qualitative 
feedback from students showed that, to some extent, cards lacked information about PSS 
and DM: “I haven't known the basics of the DM and PSS. Perhaps you can create a basic 
card with the fundamentals”. According to the students, the idea generation diagram needed 
to be improved to better support an understanding of the DM potential (4.3/5) (Table 6.10, 
question 8). Furthermore, the students missed descriptions and explanations of the axes of 
the diagram: “The different topics of the three lines were difficult to understand. Especially 
the localisation and personalisation”. 
 

Idea generation 
Students working in four groups developed 131 initial ideas, around 33 ideas per group. 
Around 1/3 of all initial ideas were selected by students to be integrated into their final PSS 
water solutions (Figure 6.19). The quantitative results from the questionnaire surveys 
showed that students were satisfied with the idea generation using scenario cards (4.8/5) 
(Table 6.10, question 2). However, same as companies’ and design agencies’ employees, 
students identified some scenario cards being too similar to one another: “Some scenarios 
were too similar or ambiguous”. Idea generation process using idea generation diagram was 
rated 5 (excellent) by more than half of the students with an average of 4.4 out of total 5 
(Table 6.10, question 9). According to students, the diagram helped them to organise ideas 
into a complete concept: “I found it helps by providing "a line of thinking", it's like a step by 
step thinking construction”. However, the idea generation diagram was still missing more 
detailed step-by-step use guidelines: “Give more explanation about use”. 
 

    
Figure 6.19: Selected final ideas and their integration in the final PSS concept by one of the groups  
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Cards’ selection 
Students selected scenario cards by applying only the overall DM and PSS cards’ selection 
diagram. The majority of the students found the diagram excellent in supporting cards’ 
selection process (4.4/5) (Table 6.10, question 6). According to them, using the diagram at 
the beginning of the creative session helps to identify the overall direction of the concept: “I 
really thought it was good and it shown some light on me on the idea”. Some students 
argued that the diagram is not needed, because reading all scenario cards are enough to 
support the idea generation: “I think that is an excellent tool, but maybe we can get the ideas 
without the numbers in boxes. The cards already induced us to think about analogies and 
possible ideas”. 
 

6.6.2.2 Usability 
 

Usability of the toolkit aimed at assessing how easy each element of the toolkit was 
understood and used. 
 

The results from questionnaire surveys showed that the usability of the scenario cards was 
evaluated mostly as excellent and they were particularly easy to understand (4.7/5) (Table 
6.10, question 4). Students highlighted that the information on the scenario cards was well 
organised: “All cards are very well designed”. However, students suggested to better 
illustrate case studies: “I think the photos could be more representative about the case”. The 
overall DM and PSS cards’ selection diagram was evaluated mostly good in terms of its 
usability (4.4/5) (Table 6.10, question 7). Same as industry professionals, students found 
colours in the diagram confusing: “Maybe if the numbers have more distinct colours they 
would be easier to spot”. Half of all participant named the idea generation diagram as 
excellent to use (4.3/5) (Table 6.10, question 12). Students enjoyed placing their ideas on a 
large sheet of paper: “I think that the big size of the paper was REALLY great. Very helpful 
so everyone could see and generate ideas”. Despite that, the ease of understanding of the 
idea generation diagram needs to be improved (4.1/5) (Table 6.10, question 11). Feedback 
from students showed that the diagram missed the explanation of the axes: “Maybe some 
subtitles to describe what is which square”. Table 6.10 summarises quantitative feedback 
collected from the students. 
 
 
 



6. DM APPLIED TO PSS DESIGN TOOLKIT | 216 
 

Table 6.10: Quantitative feedback collected from PSS design students to evaluate the effectiveness and usability 
of the second version of the toolkit 

Scenario Cards 
 

Question 
Evaluation 
1 Very 
poor 

2 
Poor 

3 
Sufficient 

4 
Good 

5 
Excellent Average 

Ef
fe

ct
iv

en
es

s 

1. To what extent the 
scenario cards helped you 
to understand the 
potential benefits of DM 
applied to PSS? 

0% 0% 0% 19% 81% 4.8 

2. To what extent are the 
scenario cards useful for 
idea generation process? 

0% 0% 0% 25% 75% 4.8 

3. To what extent the 
scenario cards helped you 
to stimulate the discussion 
in your group? 

0% 0% 6% 19% 75% 4.7 

Us
ab

ili
ty

 

4. To what extent are the 
scenario descriptions 
(including illustrations) 
easy to understand? 

0% 0% 6% 19% 75% 4.7 

5. To what extent are the 
scenario cards easy to 
use? 

0% 0% 13% 31% 56% 4.4 

Cards’ Selection Diagram (Overall DM and PSS diagram) 
 

Question 
Evaluation 
1 Very 
poor 

2 
Poor 

3 
Sufficient 

4 
Good 

5 
Excellent Average 

Ef
fe

ct
iv

en
es

s  

6. To what extent is the 
diagram helpful to select 
relevant scenario cards? 

0% 0% 6% 44% 50% 4.4 

Us
ab

ili
ty

 

7. To what extent are the 
card selection diagrams 
easy to use? 

0% 0% 6% 50% 44% 4.4 

Idea generation diagram 

 Questions 
Evaluation 
1 Very 
poor 2 Poor 3 

Sufficient 
4 
Good 

5 
Excellent Average 

Ef
fe

ct
iv

en
es

s 

8. To what extent the idea 
generation diagram 
helped you to understand 
the potential benefits of 
DM applied to PSS? 

0% 0% 6% 56% 38% 4.3 

9. To what extent is the 
idea generation diagram 
useful for idea generation 
process? 

0% 0% 13% 31% 56% 4.4 
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10. To what extent the 
idea generation diagram 
helped you to stimulate 
the discussion in your 
group? 

0% 0% 7% 33% 60% 4.5 
Us

ab
ili

ty
 

11. To what extent is the 
idea generation diagram 
easy to understand? 

0% 0% 12% 63% 25% 4.1 

12. To what extent is the 
idea generation diagram 
easy to use? 

0% 0% 19% 31% 50% 4.3 

 

6.6.3  Limitations of the study with PSS design students 
 

Regardless of mutual benefits empirical toolkit’s application brought to the researcher and 
the students, biases and limitation must be considered. Firstly, most of the participants were 
first- or second-year undergraduate students with little or no experience in attending group 
activities and creative session. In order to overcome challenges faced by inexperienced 
participants, a continues support was offered by the workshop facilitators. Secondly, all 
participating students were not native English speakers and experienced limitations linked to 
the language barrier. However, students were allowed to write and discuss their ideas in 
Portuguese, and bilingual facilitators were ready to respond to students’ questions. Finally, 
students were acting positively during the workshops and provided mostly positive feedback, 
making it challenging for the researcher to identify whether it is their genuine opinion. This 
bias has been addressed by conducting observations and content analysis as additional 
research methods. 
 

6.6.4  Recommendations for improvements 
 

The idea generation workshop implemented with PSS design students at The Federal 
University of Parana was the final study organised to evaluate the second version of the DM 
applied to PSS design toolkit. The creativity session helped to identify the advantages and 
disadvantages of the scenario cards, the overall DM and PSS cards’ selection diagram and 
the idea generation diagram. The empirical toolkit’s application also aimed at providing 
students with knowledge about DM and PSS. The text below summarises toolkit’s strengths 
and potential improvements to be implemented into the next version of the DM applied to 
PSS toolkit. The complete list of toolkit’s successful aspects and potential improvements are 
outlined in Table 6.11.  
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Scenario cards 
In general, students found scenario cards informative and well designed. DM case studies 
described on the backside of each card helped students to better understand DM and its 
potential benefits. Feedback from the students also helped to define recommendations for 
new features to be implemented into an improved version of the scenario cards. Firstly, 
more information about PSS and DM needs to be provided in addition to the cards. 
Secondly, repetitive scenario cards have to be removed or redefined. Finally, DM case 
studies need better illustrations.  
 

Overall DM and PSS cards’ selection diagram 
The only cards’ selection diagram applied by the students helped to define the direction of 
their PSS concepts. It was identified as easy to understand and use. However, the students 
found the diagram not necessary for the idea generation process using scenario cards. The 
cards’ selection diagram can be improved by providing flexible guidelines for different user 
groups. Furthermore, colours presenting categories of PSS implementation barriers need to 
be more distinct to reduce confusion. 
 

Idea generation diagram 
According to the students, the idea generation diagram was particularly useful and gave a 
complete overview of their initial PSS concepts. The large format of the diagram also 
facilitated a group engagement. Nevertheless, the idea generation diagram can be further 
improved by describing intersections between DM and PSS axes. Better use guidelines 
supporting the diagrams and the overall toolkit need to be defined and supplied along with 
the toolkit. 
 
Table 6.11: Recommendations for new features to be implemented in the third version of the toolkit 

Scenario cards 

 Worked Did not work Examples of suggestions 
from participants 

Recommendations for 
improvements 

Ef
fe

ct
iv

en
es

s 

1. Case studies 
supported idea 
generation 

1. Not enough 
info about PSS 
and DM 

“I haven't known the 
basics of the DM and 
PSS. Perhaps you can 
create a basic card with 
the fundamentals.” 

1. Provide more information 
about the fundamentals of 
PSS and DM on a separate 
introductory card. 

2. Some 
scenarios are 
too similar 

“Some scenarios were too 
similar or ambiguous.” 

2. Eliminate repetitive 
scenarios. 
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Us
ab

ili
ty

 
2. Information 
on cards well 
organised 

3. Poorly 
illustrated case 
studies 

“Attach more cases. 
Maybe 2.” 
 
“I think the photos could 
be more representative 
about the case.” 

3. Provide better images 
along with case studies.  

Cards’ selection diagram (Overall DM and PSS diagram) 

 Worked Did not work Examples of suggestions 
from participants 

Recommendations for 
improvements 

Ef
fe

ct
iv

en
es

s 

3. Provides the 
direction on how 
to use the tool 

4. The diagram 
is not necessary 
for the card 
selection 

“I think that is an excellent 
tool, but maybe we can 
get the ideas without the 
numbers in boxes. The 
cards already induced us 
to think about analogies 
and possible ideas.” 

4. Make the card selection 
process flexible and 
applicable for different 
users. 

Us
ab

ili
ty

 

4. Easy to 
understand and 
use 

5. Too similar 
colours 

“Maybe if the numbers 
have more distinct 
colours, they would be 
easier to spot.” 

5. Improve the colour 
coding. 

Idea generation diagram 

 Worked Did not work Examples of suggestions 
from participants 

Recommendations for 
improvements 

Ef
fe

ct
iv

en
es

s  

5. Provides a 
good overall 
picture of a 
concept 

6. A lack of 
explanations in 
each section 

“The different topics of the 
three lines were difficult to 
understand. Especially 
the localisation and 
personalisation.” 
 
“Maybe some subtitles to 
describe what is which 
square.” 

6. Better explain each 
intersection of both axes. 

7. A lack of step-
by-step 
guidelines “My suggestion is to find a 

way to make the tool 
more intuitive (we lost 
some time to understand 
the interaction between 
different parts).” 

7. Support the diagram and 
the overall toolkit with 
better use guidelines.  

Us
ab

i li
ty

 6. A1 size is 
good for 
everyone to get 
engaged 

8. Not clear 
interaction 
between 
different 
elements of the 
tool 

 
 

6.7 Summary of the empirical applications of the second version of 
the DM applied to PSS design toolkit 

 
This section provides a summary of the results from three studies: 1] interviews with PSS 
and/or DM experts; 2] workshops with industry professionals; and 3] a workshop with PSS 
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design students. The following text outlines recommendations of validated improvements 
suggested by the participants from at least two studies. These improvements are later 
integrated into the third version of the DM applied to PSS design toolkit. 

 

Scenario cards 
In the first place, experts and industry professionals agreed that the written information (i.e. 
descriptions of scenarios, PSS barriers, benefits, and limitations) on near-future scenario 
cards needs to be reduced and better organised. Secondly, companies and agencies 
employees and students suggested removing repetitive scenario cards (e.g. cards 
addressing the hygiene issues). Thirdly, industry professionals and students also required 
better use guidelines, improved organisation of the scenario cards, and additional 
information provided about PSS and DM. Finally, experts and students advised to include 
more diverse and better-illustrated case studies. 
 

Cards’ selection diagrams 
Experts and industry professionals agreed that the overall DM and PSS cards’ selection 
diagram was the most complete, efficient, and useful of all four cards’ selection diagrams. 
The PSS life cycle stages diagram was least preferred, used by only one expert and has 
been removed. Participants of all three studies agreed that cards’ selection diagrams require 
flexible use guidelines for different user groups. Furthermore, all participants suggested 
improving cards’ selection diagrams with more detailed categorisation and explanations of 
each category. Finally, experts, industry professionals, and students expressed 
dissatisfaction about indefinite colours used in cards’ selection diagrams. 
 

Idea generation diagram 
The diagram enabled its users to have an entire perspective of their PSS design and, along 
with other elements of the toolkit, supported the idea generation. Despite that, participants of 
all studies agreed that the idea generation diagram requires better use guidelines to facilitate 
its application. Moreover, industry professionals and PSS design students suggested that 
the diagram can be improved with descriptions of each intersection between two axes and 
questions to support group discussion.  
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6.8 The third version of the DM applied to PSS design toolkit 
 

The second version of the toolkit has been revised and updated taking into account results 
gained from all three empirical applications with experts, industry professionals, and 
students. This section describes new features integrated into the third version of the DM 
applied to PSS design toolkit.  
 

Scenario Cards 
Participants of all three empirical applications agreed that the information on scenario cards 
is easy to read and understand, thus could benefit from better organisation and text 
reduction. As a result, the third version of the scenario cards (Figure 6.20) has been 
improved by shortening scenario descriptions (1), simplifying PSS implementation barrier(s) 
(2) and organising advantages and limitations into economic, social and environmental (3). 
Reference to the PSS life cycle stage(s) scenario addresses has also been simplified (4). 
These changes required slight alterations in the layout of the card. Furthermore, near-future 
scenario cards required better organisation, therefore they have been classified according to 
three key DM features indicated on the top left corner of each card (5). DM features are 
essential components of the scenarios and the DM applied to PSS toolkit in general, so it 
has been decided to make them the central element of the classification of the scenario 
cards. Moreover, more diverse DM case studies with relevant images have been placed on 
the backside of the card (6). Idea-triggering questions have been left unchanged, however, 
their background colour has been replaced with a creativity-encouraging orange (7). Finally, 
repetitive cards have been removed and the number of the third version of the scenario 
cards has been reduced to 40. 
 

  
Figure 6.20: Changes made to the front and back sides of the third version of the near-future scenario card 
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Scenario cards’ selection diagrams 
First of all, the PSS life cycle stages scenario cards’ selection diagram has been removed as 
the empirical toolkit’s applications proved it to be the least used one. The remaining three 
scenario cards’ selection diagrams have been related to a specific purpose. The stage-by-
stage DM and PSS connection (previously the overall DM and PSS) scenario cards’ 
selection diagram intends to help to Create a new Product-Service System (Figure 6.21). 
The DM features scenario cards’ selection diagram aims to Innovate an existing Product-
Service System (Figure 6.22). The final PSS implementation barriers scenario cards’ 
selection diagram helps its users to Address issues of an existing Product-Service System 
(Figure 6.23). The introductory card helps toolkit’s users to identify their intention (Figure 
6.24). 
 
Each scenario cards’ selection diagram has been supported with better categorisation and 
more information regarding each category. Both axes in the stage-by-stage DM and PSS 
connection diagram have been briefly described to explain each category (1). Idea 
generation-supporting questions addressing each PSS life cycle stage and DM feature have 
been added to each intersection (2). Only three colours representing different key DM 
features have been left to avoid confusion (3). Same colours represent DM features on near-
future scenario cards. Each intersection of the diagram contains the numbers of relevant 
scenario cards (4). 
 
Each key DM feature in the DM features scenario cards’ selection diagram has been split 
into two categories for a more specific scenario cards classification (5). Each category has 
been supported with idea-triggering questions (6) and numbers referring to relevant scenario 
cards (7). 
 
The PSS implementation barriers scenario cards’ selection diagram includes the same 
seven categories as the diagram in the second version of the toolkit (8). However, each 
category has been supported by idea-triggering questions (9). Numbers presenting scenario 
cards relevant to each category are also included (10). 
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Figure 6.21: ‘Stage-by-stage DM and PSS connection’ scenario cards’ selection diagram 

 

 
Figure 6.22: ‘Distributed Manufacturing features’ scenario cards’ selection diagram 
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Figure 6.23: ‘Product-Service System implementation barriers’ scenario cards’ selection diagram 

 

 
Figure 6.24: Introductory card helping to identify user’s intention 

 

Idea generation diagram 
The diagram for placing post-it notes with ideas include the same axes as the stage-by-
stage DM and PSS connection scenario cards’ selection diagram (Figure 6.25). The 
horizontal axis contains PSS life cycle stages with brief descriptions (1). The vertical axis 
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presents key DM features including subcategorisation (2). Finally, each intersection of the 
diagram contains a question supporting service-oriented idea generation (3). The final 
version of the DM and PSS design toolkit will be supported with complete use guidelines for 
independent application. 
 

 
Figure 6.25: The third version of the idea generation diagram 

 
 

6.9 Empirical application V: Workshop with postgraduate design 
students 

 
The empirical testing of the third version of the DM applied to PSS design toolkit aimed at 
evaluating toolkit’s user-friendliness by assessing three features: toolkit’s comprehension, its 
usability, and the relevance of the layouts to its contents (Figure 6.26). This section 
introduces study participants and activities carried out to collect data and discusses findings 
and recommendation of the features to be implemented into the final version of the DM 
applied to PSS design toolkit. 
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Figure 6.26: Workshop with postgraduate design students 

 

6.9.1  Participants, activities and data collection methods 
 

A two-hour idea generation workshop was carried out with 9 postgraduate and research 
design students from the UK. Participants were not required to have any previous 
knowledge related to PSS or DM, however, they had to have a design-related background in 
order to be able to creatively evaluate the toolkit and suggest improvements. Students were 
recruited via email or face-to-face. 
 
The idea generation workshop started with an introductory presentation defining and giving 
examples of PSS and DM and explaining each element of the toolkit. Later, study 
participants were introduced to the design challenge: Create a new or improve an existing 
mean of public transport by using the DM applied to PSS design toolkit. The aim of the 
design challenge was to make students familiar with different elements of the toolkit rather 
than develop ideas for content analysis. Once the design task was introduced, students 
were split into two groups and given one hour to develop ideas using the provided toolkit. 
One group was given the stage-by-stage DM and PSS connection scenario cards’ selection 
diagram and the other was provided with the DM features scenario cards’ selection diagram 
along with the scenario cards and the idea generation diagram. The PSS implementation 
barriers scenario cards’ selection diagram was not given to students since they were not 
familiar with the potential barriers of PSS they designed. The researcher acted as a 
facilitator and carried out observations throughout the entire creative activity. At the end of 
the given time, students were asked to briefly present their ideas. The final part of the study 
was dedicated to the feedback collection from the study participants using questionnaire 
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surveys. The following paragraphs discuss the results obtained from the final empirical study 
of this PhD research. 
 

6.9.2  Results: Usability 
 

The evaluation of the usability of the third version of the DM applied to PSS design toolkit 
aimed at demonstrating 1] how well the toolkit can be understood; 2] how easy it is to use; 
and 3] how its layouts are relevant to its contents. It has been assessed through the 
participant observations and questionnaire surveys. 
 

Insights from participant observations 
Workshop participants worked in two groups: Group 1 chose to develop a new PSS concept 
using the stage-by-stage DM and PSS connection scenario cards’ selection diagram, while 
Group 2 decided to improve an existing one using the DM features scenario cards’ selection 
diagram. Since both groups were given only one hour to develop ideas, participants came 
up with initial questions in order to clarify the use of the toolkit. Participants had questions 
about those scenario cards that address multiple DM features and their application on the 
idea generation diagram. Later on, participants raised questions about PSS life cycle stages, 
e.g. how customer involvement could benefit manufacturing and how actual use of products 
and services could be improved during the use stage. Both groups carried out lively 
discussions, mostly caused by the questions on the cards’ selection diagrams. Group 1 
chose to first read the questions provided on the cards’ selection diagram and develop initial 
ideas only later expanding them using relevant scenario cards. Group 2 did the opposite: 
students applied the cards’ selection diagram for selecting relevant scenario cards and used 
them to develop ideas. Group 1 enjoyed livelier conversations and was less likely to copy 
ideas straight from the scenario cards. Both groups were actively thinking about both, the 
product and the service elements of their concepts, proving that once the toolkit users have 
PSS as the pivot, focus on the service element is intuitive. 
 

Questionnaire surveys 
Questionnaire surveys were given to each study participant at the end of the workshop and 
aimed at evaluating toolkit’s usability by assessing three aspects of each component of the 
toolkit: 1] Comprehension; 2] Use; and 3] Contents. Summary of the quantitative results 
collected from the students is presented in Table 6.12. 
Regarding the scenario cards, students were most satisfied with the layout of the card’s 
relevance to its contents (4.4/5) (Table 6.12, question 3). However, the ability to understand 



6. DM APPLIED TO PSS DESIGN TOOLKIT | 228 
 

scenario cards received the lowest evaluation from the study participants (3.9/5) (Table 6.12, 
question 1). Similarly, the comprehension of the cards’ selection diagrams can be improved 
(4.2/5) (Table 6.12, question 4), however, the majority of the participants named the layouts 
of these diagrams as excellent (4.8/5) (Table 6.12, question 6). In contrast, the idea 
generation diagram was identified as very easy to understand (4.8/5) (Table 6.12, question 
7), while the evaluation of its ease of use shows room for improvements (4.3/5) (Table 6.12, 
question 8). 
 
Table 6.12: Quantitative feedback collected from postgraduate design students to evaluate the usability of the 
third version of the toolkit 

Scenario Cards 

Question 
Evaluation  
1 Very poor 2 Poor 3 Sufficient 4 Good 5 Excellent Average 

1. To what extent are 
the scenario cards easy 
to understand?  

0% 0% 22% 67% 11% 3.9 

2. To what extent are 
the scenario cards easy 
to use? 

0% 0% 22% 56% 22% 4.0 

3. To what extent, in 
general, is the layout of 
the scenario cards 
relevant to its contents? 

0% 0% 11% 33% 56% 4.4 

Card Selection Diagrams 

Question 
Evaluation  
1 Very poor 2 Poor 3 Sufficient 4 Good 5 Excellent Average 

4. To what extend are 
the card selection 
diagrams easy to 
understand?  

0% 0% 11% 56% 33% 4.2 

5. To what extend are 
the cards’ selection 
diagrams easy to use? 

0% 0% 0% 44% 56% 4.5 

6. To what extent, in 
general, are the layouts 
of the card selection 
diagrams relevant to 
their contents? 

0% 0% 0% 22% 78% 4.8 

Idea Generation Diagram 

Question Evaluation  
1 Very poor 2 Poor 3 Sufficient 4 Good 5 Excellent Average 

7. To what extend is the 
idea generation diagram 
easy to understand?  

0% 0% 0% 22% 78% 4.8 

8. To what extend is the 
idea generation diagram 
easy to use? 

0% 0% 0% 67% 33% 4.3 
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9. To what extent, in 
general, is the layout of 
the idea generation 
diagram relevant to its 
contents? 

0% 0% 0% 33% 67% 4.7 

 
Below are described the analysis of qualitative responses which were used to understand 
reasons behind students’ answers to scale questions, i.e. why given aspects of each toolkit’s 
components received a specific evaluation. Qualitative feedback from the study participants 
helped to define toolkit’s characteristics that students found most and least satisfying and 
summarise recommendations for improvements. 
 

Scenario Cards 
Study participants described several features that satisfied them while using the scenario 
cards. Firstly, cards covered many different scenarios and tend to provoke curiosity: “The 
card scenarios are great. I would like to have more time to learn more about PSS from the 
cards”. Secondly, cards were easy and intuitive to use: “I think the cards are easy to use by 
themselves”. Thirdly, the layout of the cards triggered creative thinking: “There is enough 
detail in the scenario cards to encourage creativity”; “Scenarios are helpful to expand ideas”. 
Fourthly, DM case studies supported scenario comprehension: “Case studies provide useful 
examples”. Finally, cards’ design and overall aesthetics were identified as satisfying: “I love 
the simplicity of the illustrations <…> aesthetics, look and feel”. 
 
However, students also described two features of the scenario cards that hindered a 
complete comprehension. First, scenario cards contained too much information and text on 
both sides of the card, which students found challenging to look through in given time: “I 
think there is too much information on the cards and lack of time to review them all during 
the activity”. Second, students identified questions on the scenario cards confusing and 
differing from the questions on the cards’ selection diagrams: “There are too many questions 
everywhere and I find the questions too specific so that gave me the feeling of having to 
think about too many details”. In addition, a couple of students suggested to better organise 
scenario cards, as a result of disorder and struggles to find specific scenario cards: “There 
are many cards around the table, it could be confusing”. 
 

Cards’ selection diagrams 
Overall, the cards’ selection diagrams received high evaluation scores from the workshop 
participants. The layouts of the cards’ selection diagrams have been named as 
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straightforward: “The classification of the cards on the diagram is very intuitive and easy to 
use”. This was likely caused by the use of numbers, which were identified as a helpful 
feature to select relevant scenario cards. However, students lacked visual consistency 
between different card selection diagrams: “I would have liked selection diagrams 1 and 2 to 
have similar looks”. 
 
In terms of comprehension of the cards’ selection diagrams, students described two features 
that need to be improved. Firstly, similar to scenario cards, cards’ selection diagrams 
contained questions that caused confusion: “The questions are good but sometimes can be 
unclear or broad/general in relation to what product/service the user is planning to make”. 
Secondly, students missed step-by-step use guidelines: “Maybe some support in the 
order/sequence we need to follow (maybe arrows?) would be really helpful”. 
 

Idea generation diagram 
Study participants found the idea generation diagram easy to understand with enough space 
for post-it notes and comprehensible layout: “Very clear <…> easy to work with <…> plenty 
of space to write ideas”. However, the element of the idea generation diagram that most of 
the students identified as confusing was the services-related question: “‘What services can 
be provided along with the product’ - made us a bit confused”. Moreover, similarly to the 
cards’ selection diagrams, this diagram lacked guidelines on how to develop ideas taking 
into account both axes: “Not easy to address concept/cards between 2 parts of the grid”. 
Finally, the textual information on the idea generation diagram was inconsistent with 
scenario cards: “On cards it does not mention PSS, maybe good if it is kept 
simple/straightforward”. 
 

6.9.3  Limitations of the study with postgraduate design students 
 

The study experienced some limitations, mostly related to time constraints: participant 
feedback included comments about a lack of time to sufficiently analyse and discuss the 
scenario cards. 
 

6.9.4  Summary: Recommendations for improvements 
 

Student behaviour observed during the workshop and their feedback from the questionnaire 
surveys were summarised into recommendations for the new features which are required to 
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be integrated into the final version of the DM applied to PSS design toolkit. Below Table 6.13 
summarises collected data and lists the recommendations for improvements. 
 

Scenario cards 
Study participants gave a great amount of positive feedback describing the scenario cards, 
however, students also found them overwhelming, most likely because of the time 
constraints. To summarise, three recommendations to improve scenario cards can be 
outlined from the observations and questionnaire survey results: 1] reduce the amount of 
text on both sides of the cards but keep the essential information; 2] revise questions 
provided on the scenario cards and better align them with the questions on the cards’ 
selection diagrams; and 3] join all cards into a bound set to keep them organised. 
 

Cards’ selection diagrams 
The study helped to identify that questions on cards’ selection diagrams have to be 
reworded to better support the idea generation since the toolkit’s users found them useful for 
the development of initial ideas. The idea generation first applying cards’ selection diagrams 
and only later moving to scenario cards for the idea detailing shows the potential to avoid 
direct scenario copying from scenario cards to the idea generation diagram. To sum up, 
three recommendations to improve card selection diagrams can be drawn from the 
observations and questionnaire surveys: 1] revise idea-triggering questions and expand their 
focus, so the questions can be used for initial idea generation as well as relevant cards’ 
selection; 2] provide sufficient guidelines on how to start, carry on, and complete the 
application of the card selection diagrams; and 3] find the mutual visual language between 
all three card selection diagrams. 
 

Idea generation diagram 
Despite that the idea generation diagram received the highest evaluation points from the 
study participants, four recommendations to improve it can be outlined from the observations 
and questionnaire survey results: 1] remove the service-related question; 2] support the 
diagram with better use guidelines; 3] provide the list of existing tools which can be used in 
addition to the DM applied to PSS design toolkit; and 4] revise the wording and align idea 
generation diagram contents with the contents of the scenario cards. 
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Table 6.13: Recommendations for improvements to be implemented in the final version of the toolkit 

Scenario Cards 

Worked  Did not work Examples of suggestions 
from participants 

Recommendations for 
improvements 

1. Cover many 
scenarios and 
provoke thinking 
 
2. Intuitive and 
easy to use 
 
3. Contain 
enough details 
to encourage 
creativity 
 
4. Case studies 
support scenario 
comprehension 
 
5. The overall 
design and 
aesthetics 

1. Too much 
information and text 
on both sides of the 
cards 

“The way it works is clear, 
but is the same as I 
mentioned before, I felt 
overwhelmed by the 
information I received.” 

1. Reduce the amount of 
text as much as possible, 
at the same time keeping 
the essential information. 

2. Confusing 
questions, also not 
related to the 
questions on card 
selection diagrams 

1. “Questions on cards give 
confusion.” 

2.  
3. “The cards <…> sometimes 

have insufficient information 
or information that does not 
answer/link/help in relevance 
to the questions on the 
diagram.” 

2. Align questions on 
scenario cards with 
questions on card 
selection diagrams. 

3. The amount of 
the cards and a 
lack of their 
organisation 

“If you make the cards all 
together in like a small book 
that would make it more 
handy and organised.” 

3. Join all scenario cards 
into a bound set. 

Cards’ Selection Diagrams 

Worked  Did not work Examples of suggestions 
from participants 

Recommendations for 
improvements 

6. Intuitive and 
clear 
 
7. Use of 
numbers 
facilitates card 
selection 
process 

4. Too many and 
too specific 
questions which 
restrict idea 
generation 

1. “I would suggest to make the 
questions a bit more general 
so the toolkit leaves some 
room for personal 
interpretation.” 

4. Revise the questions 
on card selection 
diagrams and expand 
their areas of focus. 

5. A lack of 
guidelines 
regarding an order, 
sequence and 
direction of use 

2. “Just support with the 
order/sequence of steps (i.e. 
how do we navigate within 
the diagram where do we 
start etc.)” 

5. Support the toolkit with 
sufficient guidelines on 
where to start, how to 
carry on and where to 
finish. 

6. The 
inconsistency of 
layouts of all 
diagrams 

“I would have liked selection 
diagrams 1 and 2 to have 
similar looks.” 

6. Find the mutual visual 
language between all 
card selection diagrams. 

Idea Generation Diagram 

Worked  Did not work Examples of suggestions 
from participants 

Recommendations for 
improvements 

8. Simple to use 
and applicable 
 
9. Plenty of 
space for post-it 
notes 
 
10. The layout is 
comprehensible 
 

7. Confusing 
question about 
service elements 

“Possible if more questions / 
different questions could be 
provided. It might be helpful.” 

7. Remove the service 
element-related question. 

8. A lack of 
guidelines on how 
to generate ideas 
taking into account 
both diagram axes 

1. “The tool may provide an 
example of how to use the 
diagram.” 

8. Provide use guidelines 
for independent use. 
 
9. Provide the list of other 
existing tools which can 
be used along with or 
after using the idea 
generation diagram. 
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9. Inconsistency 
between the layout 
of the diagram and 
the scenario cards 

“Simplify titles, as on cards, it 
does not mention PSS, 
maybe good if it is kept 
simple/ straightforward.” 

10. Use the same words 
on the idea generation 
diagram and scenario 
cards to describe the 
information on the 
diagram axes. 

 
 

6.10  The final version of the DM applied to PSS design toolkit 
 

The empirical toolkit’s application with students was the final one implemented to define 
changes and design improvements to be integrated into the DM applied to PSS design 
toolkit. Overall, the toolkit has experienced some minor changes while the number of 
elements left unchanged. This section outlines the final version of the toolkit and its new 
features.  
 

Scenario Cards 
Three minor adjustments have been implemented in the near-future scenario cards (Figure 
6.27). Firstly, the text on both sides of the card has been reduced by shortening sentences, 
without changing meanings and essential information (1). The DM applied to PSS design 
toolkit has been created for the idea generation, as well as educational purposes and needs 
to contain a sufficient amount of (also textual) information to support a learning process 
about DM and PSS. Secondly, the idea-triggering questions have been aligned with 
questions on the scenario cards’ selection diagrams (2). Questions on scenario cards are 
now linked with 1] specific DM features; 2] PSS implementation barriers and 3] PSS life 
cycle stages. Finally, all cards have been made to be joined into a bound set (3). 
 

  
Figure 6.27: Front and back sides of the final version of the near-future scenario card (Inc. changes) 
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Cards’ Selection Diagrams 
Same as in the third version of the toolkit, the final version contains three scenario cards’ 
selection diagrams (Figure 6.28): 1] the stage-by-stage DM and PSS connection diagram 
(1); 2] the DM features diagram (2); and 3] the PSS implementation barriers diagram (3). All 
three scenario cards’ selection diagrams have been updated with less specific questions 
giving the user more freedom for the idea generation (4). Moreover, graphical elements have 
been made mutual for all three diagrams: borderlines (5), fonts (6) and colour blocks (7). 
Finally, the introductory card has been visualised to better illustrate the cards’ selection 
diagrams (Figure 6.29). 

 

 
  Figure 6.28: The final version of the scenario cards’ selection diagrams (Inc. changes) 
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Figure 6.29: The new design of the introductory card 

 

Idea Generation Diagram 
First of all, based on the feedback from the majority of the latest study participants, the 
service-related question has been removed from the idea generation diagram (Figure 6.30). 
It has been observed that the toolkit’s users intuitively think about the service element of 
PSS and the service-oriented question is unnecessary. Moreover, PSS life cycle stages 
have been reworded to match ones on the scenario cards and cards’ selection diagrams (1). 
Explicit use guidelines have been provided along with the toolkit to support independent 
(unfacilitated) idea generation sessions (attached in Appendix VI). 
 

 
Figure 6.30: The final version of the idea generation diagram 
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This chapter outlines the findings from the development of the design toolkit and its empirical 
applications. First, this chapter discusses why there was a need to develop the DM applied 
to PSS design toolkit and how it filled the knowledge gap identified at the beginning of this 
PhD research. Second, on the basis of three rounds of toolkit’s testing with various user 
groups, this chapter describes a suggested and alternative design processes. Different 
toolkit’s application narratives for different user groups are also outlined. 
 
 

7.1 The importance of the DM applied to PSS design toolkit 
 

A number of PSS tools and methodologies have been developed and are widely described 
in literature. However, none of them include Distributed Manufacturing aspects in any stage 
of the PSS development. On the other hand, no existing design tools and methods 
supporting the DM development have been come across in any stage of this research. In 
fact, information available about DM is limited and scholars still argue about its definition, 
opportunities, and challenges. However, the literature review conducted at the early stage of 
this research showed the growing interest in DM applications to PSS. 
 
Empirical toolkit’s testing activities with manufacturing companies, design agencies, 
academics, and students (Chapter 6) proved that additional support to the PSS development 
through the application of DM is needed. The studies showed that the DM features 
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described in the toolkit facilitated participants engagement in the idea generation process. 
Certainly, such user interest was caused by the DM dependence on topics particularly 
relevant nowadays: innovative manufacturing technologies (e.g. 3D/4D printing), 
unconventional manufacturing facilities (e.g. public spaces, home, etc.), open-source data, 
improved personalisation, etc. Furthermore, the studies with manufacturing companies 
allowed to observe that most of the manufacturers were already planning of innovating their 
PSS business offerings with DM solution, thus did not know how to strategically frame such 
innovations. Design students who participated in the toolkit’s testing shared that the toolkit 
provided valuable knowledge about DM and PSS and they were planning on integrating 
gained knowledge in other ongoing university projects. In fact, one of the PSS projects 
developed by students with the support of the DM applied to PSS design toolkit has been 
shortlisted to the final of the Taiwan International Student Design Competition 2018. To sum 
up, this research discovered the need for support to those who wish to design PSS solutions 
applying DM. 
 

7.1.1  Filling the knowledge gap 
 

The literature review on the existing combination of PSS and DM discussed in Section 2.3 
defined the gap in knowledge. Existing combination of PSS and DM has been identified as 
fragmented since scholars focused on individual DM features applied to only some aspects 
of PSS without providing a complete overview of PSS design through DM. Consequently, 
the early research stage helped to identify not only the need for a theoretical contribution 
(i.e. in-depth knowledge about DM and its application in all PSS development stages) but 
also practical support for DM applied to PSS development. This section briefly describes 
how the created design toolkit filled the knowledge gap related to theory and practice. 
 
The DM applied to PSS design toolkit outlines the final outcome of this PhD research. 
Obviously, the toolkit is practical design support consisting of tangible elements and their 
application guidelines for different user groups. However, the toolkit has been developed on 
a strong theoretical background collected and summarised in the first part of the research. 
Firstly, all existing Product-Service Systems implementation barriers have been gathered 
from literature to identify aspects of PSS that need support. A thorough collection of PSS 
implementation barriers has not been carried out and published before by other scholars. 
Secondly, the concept of Distributed Manufacturing has been explored, including its 
definition, benefits, future trends and adoption challenges which were put together in a 
coherent way. Since DM is a relatively unexplored topic in existing literature, additional 
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primary research methods have been applied in order to collect the most up-to-date and in-
depth information about DM potential. Later, building upon the collected information, near-
future scenarios of DM applied to PSS has been developed. These scenarios form the main 
theoretical contribution of this research. 
 
The absence of existing methods and design tools for designing PSS through the application 
of DM encouraged the development of the design toolkit. The initial set of near-future 
scenarios have been classified and integrated into a design toolkit aiming to support 
companies, design practitioners, and educators and students in designing PSS solutions 
improved through DM. In a nutshell, each element of the design toolkit supports its users in 
the early stage of the idea generation. Additionally, it carries out an educational purpose and 
provides knowledge about potential DM opportunities and the DM role in the PSS 
development. In particular, near-future scenario cards enable their users to explore different 
ways of applying DM opportunities to address PSS implementation obstacles. Scenario 
cards’ selection diagrams have multiple purposes: firstly, they help their users to identify the 
aim and the direction of using the toolkit; secondly, they illustrate the areas which can be 
addressed by near-future scenarios presented on the cards; finally, questions provided on 
the diagrams facilitate generation of initial ideas which can be further developed using the 
scenario cards. To some extent, the scenario cards’ selection diagrams encourage their 
users to evaluate their existing situation related to PSS development (e.g. the application of 
PSS implementation barriers scenario cards’ selection diagram requires identification of 
obstacles of existing PSS). Finally, the idea generation diagram helps its users to position 
and classify their generated ideas in order to have a complete picture of their PSS concept 
and applied DM features. Unlike other existing idea generation tools, the DM applied to PSS 
design toolkit enables the development of new, as well as refinement of existing PSS 
solutions. 
 
The toolkit has been empirically tested with industry professionals, academics, and design 
students who helped to evaluate its completeness, effectiveness, and usability. Findings 
from the empirical toolkit’s applications can be summarised to illustrate different approaches 
to the DM applied to PSS design process. The following sections discuss a proposed design 
process using the toolkit, followed by alternative toolkit’s applications.  
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7.2 A proposed design process using the DM applied to PSS design 
toolkit 

 
The DM applied to PSS design toolkit serves two purposes: 1] it provides its users with 
knowledge about potential DM opportunities and 2] supports the idea generation for PSS 
solutions improved with DM features. Based on the Double Diamond model for product and 
service design process (British Design Council, 2007) the DM applied to PSS design toolkit 
should be used in the Develop stage of the project (Figure 7.1). 
 

 
Figure 7.1: Double Diamond model for design process by the British Design Council 

 

The design process using the toolkit evolved from its empirical applications with various user 
groups (Chapter 6). The first version of the toolkit made of near-future scenario cards and 
the idea generation diagram used to classify the scenario cards suggested a flexible 
approach to its users. It was tested with design students who were able to follow a more or 
less structured idea generation process (Section 6.2.2.2). However, students’ feedback 
indicated that the toolkit needed better guided step-by-step use instructions. Consequently, 
the second version of the toolkit was updated with scenario cards’ selection diagrams. The 
aim of the diagrams was to enable toolkit’s users to narrow down the focus area and select 
only relevant scenario cards for further idea generation. Scenario cards’ selection diagrams 
were introduced to also decrease the amount of time needed for idea generation sessions 
using the toolkit. 
 
The second version of the toolkit with newly introduced scenario cards’ selection diagrams 
was tested with academics, manufacturing companies, design practitioners, and students. 
Studies proved that the scenario cards’ selection diagrams facilitated the design process 
and received positive feedback from their users. However, it was observed that some 
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participants (mostly from manufacturing companies) required even more defined guidelines 
on how to carry out the idea generation process. On the contrary, design practitioners and 
design students chose to take up less constrained idea generation, most likely because of 
their creative backgrounds. Some of them generated ideas using only scenario cards’ 
selection diagrams, while others applied only random scenario cards. Similarly, feedback 
from academics indicated that less structured way of using the toolkit is more likely to lead 
its users to more creative design ideas. The second round of studies testing the toolkit 
identified the need for a flexible design process according to users’ backgrounds, time 
constraints, and purposes. 
 
Building upon the results from the testing of the second version of the toolkit, the third and 
final versions included revised scenario cards’ selection diagrams updated with the 
introductory card. The introductory card aimed at helping to set the goal of forthcoming idea 
generation: users were enabled to choose whether they want to create a new PSS solution, 
innovate an existing one or address issues of the existing PSS. The purposes of the near-
future scenario cards and the idea generation diagram remained unchanged since the 
development of the initial version of the toolkit. 
 
Each element of the final version of the DM applied to PSS design toolkit was created to be 
used in the purposeful order (Figure 7.2): first, the identification of the goal using the 
introductory card (1); second, the selection of relevant scenario cards using the scenario 
cards’ selection diagrams (2); third, the DM applied to PSS idea generation using near-future 
scenario cards (3); and, finally, positioning of developed ideas on the idea generation 
diagram (4). 
 

 
Figure 7.2: A proposed application process of the DM applied to PSS design toolkit 

1
Choose a goal and a 
corresponding scenario 
cards selection diagram

3 Read both sides of selected 
scenario cards and get inspired 4

Write ideas on post-it notes 
and place them on the idea 
generation diagram

2 Select relevant 
scenario cards

Place your ideas IDEA GENERATION DIAGRAM 

PSS DESIGN MATERIAL PRODUCTION and 
MANUFACTURING FOR PSS PSS USE PSS END-of-LIFE

Design of PSS products and services Manufacturing of PSS products and/or their components PSS product monitoring, maintenance, repair, upgrade PSS product collection, recycling, reuse
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Improve
(throughspecific

DM features)

Improve(by addressing
PSS barriers)
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The following section discusses real-life examples of the idea generation process carried out 
using the design toolkit.  
 

7.2.1  Narratives of the idea generation process for different user groups 
 

The application of the DM applied to PSS design toolkit starts with the selection of the goal, 
i.e. users’ intention of using the toolkit. Users are able to choose between creating a new 
PSS or improving an existing PSS solution through either applying specific selected DM 
features or addressing PSS implementation barriers. The selection of different goals 
requires different considerations from users. This section describes 9 different narratives 
illustrating how manufacturing companies, design agencies, and students address specific 
design challenges using the DM applied to PSS design toolkit (Figure 7.3). The situations 
described in the narratives emerged from the creative sessions carried out with each user 
group (Chapter 6). These narratives illustrate the proposed design process described in the 
previous section. Furthermore, some of them also include alternative applications of the 
toolkit’s elements, later summarised in Section 7.3 
 

 
Figure 7.3: Narratives of different user groups selecting different goals 
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7.2.1.1 Narratives for the manufacturing company 
 

Narrative 1 
Manufacturing company creates a new PSS solution. A group of 8 industry 
professionals generates ideas for each life cycle stage of industrial cleaning PSS. 
A company that sells industrial high-pressure washers decides to shift its business from 
selling products to offering PSS. Obviously, the company is already familiar with design 
requirements and different types of PSS before deciding to implement a PSS solution. The 
company has only one manufacturing facility while its customers are spread across the 
country. The company heard about the way to distribute manufacturing in order to better 
reach remote customers and, potentially, facilitate the provision of the future PSS. 
Consequently, the company decides to use the DM applied to PSS design toolkit. The 
company organises a creativity session with 8 people from innovation, management and 
procurement departments. In the beginning, the team chooses the scenario cards’ selection 
diagram No1 which is created to support a new PSS development from scratch. The 
creativity session participants select near-future scenario cards from each intersection of two 
axes: starting from PSS design and moving towards PSS end-of-life applying different DM 
features in each PSS life cycle stage. Scenario cards listed in each intersection are split 
among team members, read through, and later discussed altogether. Ideas triggered by the 
scenario cards are then placed on the idea generation diagram. This diagram contains the 
same axes as the scenario cards’ selection diagram No1 making idea positioning 
straightforward. The creativity session participants generate ideas for all PSS life cycle 
stages and all DM features in order to have a comprehensive initial concept of their PSS. 
The idea generation session lasts at least four hours: the team members have to take time 
to make themselves familiar with the toolkit, to select and read the scenario cards (at the 
same time learn about DM potential) and generate ideas. 
 

Narratives 2 and 3 
Manufacturing company improves an existing PSS solution. A company already offers a 
use-oriented PSS: high-pressure washers are available in self-service car wash stations. 
The car wash stations established by the company itself are based all across the country 
and operate for already three years. The PSS used to be a success at the beginning, 
however, the company noticed that it is not as profitable as it used to be: worn out 
equipment requires expensive maintenance, also changing customer needs must be 
addressed in a better way. As a result, the company decides to use the DM applied to PSS 
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design toolkit to improve its PSS solution. They form a team of 6 employees from innovation, 
service, and product development departments to take part in the creativity session. 
 

Narrative 2 
Manufacturing company improves an existing PSS solution through selected DM 
features. A group of 6 industry professionals develops ideas to improve the industrial 
cleaning PSS through better customer involvement and personalisation.  
The team analyses the toolkit’s use guidelines and discovers the potential of distribution of 
manufacturing to support service provision, address customer needs, and save finances. 
The company employees decide to focus on the cards’ selection diagram No2 and innovate 
their PSS through the specific features of DM. They decide that their self-service car wash 
PSS lacks a close relationship with customers. They select scenario cards containing DM 
features of Customer Involvement and Personalisation. The team members read and 
discuss all 17 scenario cards addressing customer-orientation. Ideas triggered by the 
scenario cards are then placed on the idea generation diagram. In this case, team members 
have to decide which PSS life cycle stage their idea addresses. The toolkit’s guidelines 
suggest developing ideas for each PSS life cycle stage. The creativity session organised to 
innovate an existing PSS requires less time than the session for creating a new PSS 
solution: the company spends three hours for analysing the toolkit, reading specific scenario 
cards, and generating ideas. 
 

Narrative 3 
Manufacturing company improves an existing PSS solution by addressing PSS 
implementation barriers. A group of 6 industry professionals develops ideas to tackle 
barriers linked to finances, customer acceptance and cultural mind-set. 
The creativity session participants are familiar with the toolkit’s feature to help them to 
address specific obstacles that prevent successful PSS delivery. The company has already 
studied their business and produced an annual report summarising issues their PSS face. It 
was identified that their PSS is expensive to deliver because of high equipment maintenance 
costs. Moreover, they fail to meet changing customer needs. The creativity session 
participants choose the cards’ selection diagram No3 from which they are able to select 
barriers applicable to their PSS. The company’s employees select scenario cards from 
categories Financial Resources, Customer Knowledge About PSS and Customer Cultural 
Mind-set. After selecting relevant scenario cards and generating ideas, the team needs to 
place them on the idea generation diagram. As in the previous narrative, the team must 
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decide which PSS life cycle stage(s) can benefit from their developed ideas. Additionally, 
DM features must be taken into consideration as they are used to address PSS 
implementation barriers. Same as in the previous narrative, the idea generation session 
takes around three hours.  
 

7.2.1.2 Narratives for the design agency 
 

Narrative 4 
Design agency creates a new PSS solution. A group of 6 designers creates a postal 
delivery PSS including an outdoor mail delivery cart. 
A design agency specialising in product, service, and PSS design receives a design brief 
from a local government body responsible for postal services. The design agency is asked to 
create a mail delivery PSS including an outdoor mail delivery cart for peak periods (e.g. 
holidays, general election, etc.). The design agency has previous experience designing PSS 
solutions. Based on the given design brief, the new mail delivery cart will operate in the 
entire country including remote locations. The agency organises a brainstorming session 
with 6 product, service, and PSS designers. They first analyse the scenario cards’ selection 
diagram No1. Because of their backgrounds, designers already have knowledge about the 
distribution of manufacturing and PSS. As a result, questions provided on the diagram help 
designers to come up with quick initial ideas. They write ideas on post-it notes and place 
them on corresponding fields of the idea generation diagram. Later designers discuss the 
initial ideas and decide which ones are promising and require further development. 
Designers select relevant scenario cards to learn more about DM opportunities and revise 
their initial ideas. The brainstorming session for creating a new PSS lasts between three and 
four hours.  
 

Narratives 5 and 6 
Design agency improves an existing PSS. A different narrative can be described when 
the same design agency is required to improve an existing PSS solution. A local government 
body responsible for postal services asks the designers to come up with ideas on how to 
improve a mail delivery cart for peak periods. The existing mail delivery equipment serving 
for already five years is not as efficient as it used to be and needs to be updated. Moreover, 
new private stakeholders want to partner with a local government body in mail delivery 
service provision. Designers arrange a brainstorming session with 4 product, service and 
PSS designers. 
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Narrative 5 
Design agency improves an existing PSS solution through selected DM features. A 
group of 4 designers develops ideas to improve mail delivery equipment through 
manufacturing localisation and enabling technologies. 
The team of designers decides that the existing mail delivery equipment can be improved by 
applying DM features. After analysing all DM features from the scenario cards’ selection 
diagram No2, designers decide to focus on Manufacturing Localisation and Enabling 
Technologies. Being keen on coming up with quick ideas, they develop initial solutions just 
by reading questions corresponding to each DM feature. The team of designers decides not 
to place their initial ideas on the idea generation diagram, they rather choose to make their 
own clusters for categorising developed ideas. Designers are then able to revise their initial 
ideas using relevant scenario cards listed in the scenario cards’ selection diagram. The 
innovation session lasts between two and three hours. 
 

Narrative 6 
Design agency improves an existing PSS solution by addressing PSS implementation 
barriers. A group of 4 designers develops ideas to tackle barriers linked to knowledge 
and expertise of the organisation and external collaboration. 
The local government body collects data of the performance of the mail delivery PSS 
equipment over the past years. It indicates that the products included in the PSS solution 
needs refurbishment and upgrade for efficient use. Moreover, the government body needs to 
understand how the existing PSS can benefit from a partnership with a new stakeholder. 
The design agency decides to analyse the scenario cards’ selection diagram No3. They 
choose to focus on PSS barriers related Knowledge and Expertise in order to improve the 
design of PSS products, and External Collaboration to explore partnership opportunities. 
The team of designers decides to read and discuss all relevant scenario cards before 
developing ideas in order to obtain knowledge about DM to be able to address delicate 
issues. Once the selected scenario cards are analysed, designers write their ideas on post-it 
notes and position them on the idea generation diagram. Idea positioning on the idea 
generation diagram makes designers think which PSS life cycle stage(s) must be improved 
in order to solve existing issues. They also take DM features into consideration. The 
brainstorming session to address PSS implementation barriers lasts between two and three 
hours. 
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7.2.1.3 Narratives for educators and students 
 

Narrative 7 
Students create a new PSS solution. Multiple groups of 4 students develop and 
present ideas for rainwater harvesting PSS in their local context. 
Design educators use the DM applied to PSS design toolkit to teach students about DM 
opportunities in the PSS development. Design students with initial knowledge about PSS 
types and design requirements are given a design exercise to generate concepts for 
rainwater harvesting PSS in their local context. The exercise requires students to explore the 
DM potential and apply DM features in the PSS development. Split into groups of 4, students 
apply the scenario cards’ selection diagram No1. This diagram is the most comprehensive of 
all three and serves the best educational purpose. Each group is requested to read and 
discuss all scenario cards from each intersection of the diagram axes. Students are 
encouraged to write down initial ideas once they come up with them. After they analyse all 
scenario cards and write initial ideas on post-it notes, students shift their focus to the idea 
generation diagram. Students are free to place post-it notes on the diagram, otherwise, write 
ideas down or sketch them directly on the diagram. The diagram filled with ideas is used to 
present and discuss the initial rainwater harvesting PSS concept. The DM applied to PSS 
design toolkit using the scenario cards’ selection diagram No1 enables students to 1] get 
familiar with a broad range of DM opportunities; 2] learn the importance of focusing on a 
complete PSS life cycle when design a PSS solution; and 3] present their initial PSS concept 
in a structured manner. The toolkit’s application session takes around six hours.  
 

Narratives 8 and 9 
Students improve existing PSS. A different narrative suggests that the DM applied to PSS 
design toolkit can be used to deepen knowledge of PSS design students. Students who 
specialise in the PSS development and attend a PSS design course are given a design 
exercise to improve an existing rainwater harvesting PSS in their local context. The design 
educator summarises that the existing rainwater harvesting PSS needs to be implemented in 
recently built houses in new geographical locations, taking into consideration local service 
provision and addressing specific needs of local people. Design students split into groups of 
4 are asked to apply scenario cards’ selection diagrams No2 and 3. 
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Narrative 8 
Students improve an existing PSS through selected DM features. Multiple groups of 4 
students learn about DM and develop ideas to improve an existing rainwater 
harvesting PSS. 
During the first creativity session, PSS design students are provided with the scenario cards’ 
selection diagram No2 introducing DM features. The students are asked to analyse the 
diagram contents and answer the questions on the diagram to build an initial understanding 
of DM. Later, students need to read and discuss all scenario cards representing each DM 
feature. Students write down ideas triggered by the scenario cards on post-it notes. Initial 
ideas can be placed on the idea generation diagram or clustered by students according to a 
classification they define. The PSS innovation session lasts around four hours. 
 

Narrative 9 
Students improve an existing PSS by address PSS implementation barriers. Multiple 
groups of 4 students learn about PSS implementation barriers and develop ideas to 
tackle barriers linked to finances, customer acceptance, and cultural mind-set. 
The aim of the application of the scenario cards’ selection diagram No3 is to demonstrate 
PSS design students that DM features can help to address specific PSS implementation 
barriers. The design exercise introduced that the existing rainwater harvesting PSS is 
challenging to price and it struggles to meet specific requirements of local customers. PSS 
design students are given the scenario cards’ selection diagram No3 to analyse most 
common PSS implementation barriers and identify the ones that are similar to the PSS 
barriers from the design exercise. Students select categories Financial Resources, 
Customer Knowledge about PSS and Customer Cultural Mind-Set for relevant card 
selection. Each student team analyses and discusses scenario cards, paying attention to 
specific DM features that help to overcome each PSS implementation barrier. Initial ideas 
triggered by the scenario cards are listed on post-it notes. Later students are free to choose 
whether they want to place their ideas on the idea generation diagram or cluster them on a 
wall using their own classification system. The idea generation session to solve PSS 
implementation barriers lasts around four hours. 
 

7.2.2  Summary: the users of the toolkit 
 
The empirical toolkit’s applications described in Chapter 6 were not organised to assess 
expertise in businesses that are required to develop design ideas. However, considerations 
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can be made about who in companies and how they would be using the DM applied to PSS 
design toolkit. 
 
According to Tether (2005), the implementation of design requires companies to develop 
and apply tacit knowledge, thus involving R&D, marketing, production, and other staff to 
contribute to design decisions. Even though a design professional is considered as a core 
actor of product or service development (Kilian at el., 2015), the more complex the design 
process, the more senior staff is required to conduct design activities (Na at el., 2017). 
 
Empirical toolkit’s applications with manufacturing companies and design practitioners 
proved that the DM applied to PSS design toolkit can be used at two levels: 1] strategic 
design level, aiming to generate high level ideas related to the implementation of sustainable 
business models and/or the transition to distributed production and consumption, and 2] 
operational design level, detailing various aspects of a concept. According to Na et al. 
(2017), designing at the strategic level includes management decisions and is usually 
considered as design or senior manager’s responsibility, while the design at the operational 
level can be undertaken by a professional designer or engineer. Furthermore, to ensure the 
successful use of design, it is important for company’s top-level management and CEOs to 
appreciate design and embed design thinking into organisational or corporate culture 
(Design Council, 2014). 
 
To sum up, company’s staff at all levels, including professional designers and engineers, 
design and senior managers, directors and CEOs, are required to collaborate in making 
design decisions within the organisation. The DM applied to PSS design toolkit has been 
tested by junior and senior staff, with expertise in design, management, marketing, and 
production. Even though the previous section proposes narratives describing toolkit’s 
application by the different expertise around the table, future research must be carried out to 
better understand how key decision makers in companies can use the design toolkit. 
 
 

7.3 Flexibility using the toolkit 
 
7.3.1 Alternative applications 
 
Narratives of the idea generation process for different user groups described in Section 7.2.1 
illustrate flexibility using each element of the DM applied to PSS design toolkit. The flexibility 
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depends on the users’ background and the amount of time they are able to spend for the 
idea generation process. Below are summarised deviations from the suggested design 
process applying the toolkit. 
 
First of all, the initial idea generation can be carried out using only scenario cards’ selection 
diagrams (Narratives 4 and 5). Users are able to come up with initial ideas by answering 
questions provided on each diagram. In this case, users are free to apply their knowledge 
and develop creative and broad ideas which later can be detailed with additional information 
from near-future scenario cards. This method is recommended for users with creative design 
background: designers, design students, and company’s employees from creative sectors. 
Initial idea development using scenario cards’ selection diagrams has been observed during 
the empirical toolkit’s applications with design agencies and postgraduate design students. 
 
Secondly, the idea generation diagram is not necessary for idea positioning: developed 
ideas can be classified into clusters named by users (Narratives 5, 8 and 9). In this case, the 
toolkit’s users are able to summarise their ideas into categories that really matter for their 
specific PSS project. This behaviour has been observed during the study with PSS design 
student (Section 6.6). Moreover, a flexible way to categorise developed ideas has also been 
suggested by PSS and/or DM experts (Section 6.4). This method can be adopted by those 
users who feel confident in making design decisions and have previous experience in 
participating in group brainstorming sessions. 
 
Thirdly, toolkits users read and analyse all near-future scenario cards without selecting any 
particular ones from the scenario cards’ selection diagrams (Narratives 7 and 8). This 
method is useful for educators and students because by reading all scenario cards they 
build an in-depth understanding of DM opportunities and their role in PSS development. On 
the other hand, it can be applied by anyone who is keen on learning about DM without 
having a specific goal. The majority of design students who participated in the first testing of 
the design toolkit analysed all the scenario cards before starting idea generation. 
 
Finally, other flexible applications of the DM applied to PSS design toolkit have been 
observed during the evaluation studies. Designers from design agencies used the idea 
generation diagram for visualising ideas, i.e. sketching them directly on the diagram. 
Manufacturing companies’ employees selected only one card from each area they chose to 
improve and carried out an in-depth discussion and idea generation by applying a single 
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scenario card. It can be summarised that the toolkit enables its users to adopt flexible ways 
of applying it depending on their background, abilities, and time constraints. 
 

7.3.2 Support beyond the Develop phase 
 
At the beginning of this chapter it was introduced that the toolkit stands in the Develop phase 
of the Double Diamond design process model. Additionally, alternative ways of using 
individual elements of the toolkit can also benefit other phases of the design process (Figure 
7.4). In the Discovery phase, the toolkit can help its users to identify the problem and 
opportunity to be addressed through design. The problem (i.e. relevant PSS implementation 
barriers) can be detected by applying scenario cards’ selection diagram 3. Additionally, 
scenario cards’ selection diagram 2 and scenario cards can be used to learn about DM and 
its potential to address the identified problem. In the Define phase, the toolkit is useful for 
defining the solution space and narrowing down the focus area. Scenario cards’ selection 
diagram 1 can be used to reflect on the Discovery phase by selecting PSS life cycle stage(s) 
to address. Furthermore, by defining DM opportunities for further focus toolkit’s users are 
able to select only relevant scenario cards for further idea generation. As suggested in the 
proposed design process, in the Develop phase, the toolkit can be used to support idea 
generation process for PSS solutions using scenario cards and questions on scenario cards’ 
selection diagrams. Finally, in the Delivery phase, the toolkit can be applied to present final 
PSS concept to organisation or customers. Toolkit’s users can build and present their own 
scenarios following the structure of the scenario cards. Alternatively, the final PSS concept 
can be described and visualised on the idea generation diagram. 
 

 
Figure 7.4: Toolkit’s elements used to support all stages of the design process 
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7.4 Compatibility with other tools 
 

The DM applied to PSS design toolkit is made to provide knowledge about DM and support 
the idea generation process of DM applied to PSS development. However, for building an 
all-inclusive PSS solution the toolkit must be applied along with other tools and methods. 
The previous section outlined that the toolkit is able to support the Develop and, to some 
extent, other phases of the Double Diamond design process model. The British Design 
Council suggests a number of design methods to be used in each Double Diamond phase 
(Figure 7.5). This design process does not describe PSS development in particular, 
however, the British Design Council took into consideration product, as well as service 
design (British Design Council, 2015). Based on the summary of design methods made by 
the British Design Council, methods applied before the Develop phase are observations, 
questionnaire surveys, focus groups, user journey mapping, and others. The methods 
applied after the idea generation phase include scenarios, service blueprints, final testing, 
evaluations, and others. 
 
The pilot courses implemented by the LeNSin project partners required design and PSS 
design students to apply multiple methods before and after using the DM applied to PSS 
design toolkit. Prior to using the toolkit, students were asked to complete user profiles, 
participate in field observations, define customer journey and system map of the existing 
situation. After applying the toolkit, students were able to produce storyboards, sustainability 
blueprints and updated system maps. The DM applied to PSS design toolkit can be used as 
a part of the LeNS PSS design method explained in Vezzoli et al. (2014), Chapter 4. It can 
be summarised that the DM applied to PSS design toolkit can be integrated into a complete 
PSS design process: benefit from the information collected using initial design methods and 
contribute to further project development stages. 
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Figure 7.5: Tools and methods to be used in each Double Diamond design phase by the British Design Council 

 
 

7.5 The toolkit’s use guidelines 
 

Findings from nearly all toolkit’s testing activities indicated an obvious need for use 
guidelines, so the toolkit can be independently applied without the presence of a trained 
facilitator. The toolkit’s use guidelines were produced 1] to provide knowledge about PSS 
and DM; 2] to enable toolkit’s users to independently carry out a design process; and 3] to 
correctly print out each component of the toolkit. The toolkit’s use guidelines contain 5 
sections: 

 
1) Introduction. This section outlines the purposes of using the toolkit. The guidelines also 

introduce PSS concept, its types, benefits, and design requirements. In the same way, 
the introductory section makes toolkit’s users familiar with DM. 

2) Toolkit’s components. This section describes each component of the toolkit. The 
section introduces both sides of near-future scenario cards and gives advices on idea 
generation using them. 

3) Design process. The proposed design process is described and illustrated in detail. 
4) Alternative design processes. Flexible toolkit’s applications are suggested as an 

alternative. 
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5) Printing guidelines. The final section supports toolkit’s users who wish to print the 
toolkit: it provides required paper sizes, binding instructions, and other 
recommendations. 

 
A complete toolkit’s use guidelines are attached in Appendix VI.  
 
 

7.6 Summary and conclusions 
 

This chapter reflects on findings from the testing and revision of the DM applied to PSS 
design toolkit. It discusses the importance of the toolkit to benefit different user groups and 
to fill theoretical and practical knowledge gaps identified at the early stage of this PhD 
research. Taking into consideration behaviours observed during the data collection creativity 
sessions with experts, manufacturing companies, designers, and students a proposed and 
alternative design processes are summarised. Based on these observations, different 
toolkit’s application narratives are described. Each type or users are free to flexibly apply the 
design toolkit depending on their needs, backgrounds, and time constraints. Finally, the 
chapter illustrates how the developed DM applied to PSS design toolkit fits into the overall 
PSS design process and can be used along with other existing design methods and tools. 
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8.1 Meeting objectives and outcomes 
 

The aim of this research was to explore how Distributed Manufacturing can be applied to 
Product-Service Systems development. In addition to that, the research also aimed at 
developing design support to facilitate DM applied to PSS idea generation process. These 
two aims were planned to be achieved by answering two research questions introduced after 
the literature review of this thesis (Section 2.3.3). Each research question contained a set of 
objectives (Table 8.1). This section outlines how each objective has been met resulting in 
answering the research questions. 
 
Table 8.1: Research questions and objectives defined for this research 

Research 
Question Sub-Questions Objectives Chapter Research 

phase 

RQ1: How can 
the opportunities 
of Distributed 
Manufacturing 
help to address 
implementation 
barriers of 
Product-Service 
Systems? 
 

1.1 What are the barriers that 
prevent companies and 
customers from successful 
PSS implementation and 
acceptance? 
 
1.2 What are the DM benefits 
that can contribute to better 
PSS development and how 
DM challenges can influence 
this contribution? 
 

a) To collect 
existing PSS 
implementation 
barriers and DM 
opportunities and 
to identify the 
existing 
contribution to 
apply DM to PSS 
development 

2. Literature 
review 

To 
explore 



8. CONCLUSIONS | 257 
 

1.3 What are the existing 
contributions to apply DM to 
PSS? 

1.2 What are the DM benefits 
that can contribute to better 
PSS development and how 
DM challenges can influence 
this contribution? 

b) To validate the 
literature review 
findings regarding 
DM and collect the 
most recent 
knowledge and 
near-future trends 
of DM 

4. Primary 
research 

1.4 What are the near-future 
scenarios of DM applied to 
PSS? 

c) To describe how 
DM opportunities 
can address PSS 
implementation 
barriers in near-
future scenarios 

5. Scenario 
development 

To 
develop 
and 
design 

RQ2: How to 
practically 
support PSS 
design through 
the application 
of DM? 
 

2.1 How can the near-future 
scenarios of DM-enabled 
PSS development be 
practically applied in the PSS 
design processes? 

d) To develop the 
design toolkit 
based on DM 
applied to PSS 
near-future 
scenarios 

6. 
Development 
of the design 
toolkit 

2.2 How to enable design 
practitioners and industrial 
companies to apply DM for 
PSS development? 

e) To evaluate and 
improve the 
developed design 
toolkit through the 
iteration of 
activities with 
different target 
users 

6. 
Development 
of the design 
toolkit 

To 
evaluate 
and 
revise 

f) To conclude and 
discuss the 
contribution of this 
thesis and the 
development of the 
design toolkit 

7. 
Discussion 
and results 

To 
conclude 

 

8.1.1  Meeting objectives of RQ1 
 

This research started with an exploration of factors that hinder successful PSS 
implementation. Additionally, it aimed at studying DM, its benefits, challenges, and future 
trends for their potential application to PSS. Below is the summary of how each objective 
was met to answer RQ1: How can the opportunities of Distributed Manufacturing help 
to address implementation barriers of Product-Service Systems? 
 
a) To collect existing PSS implementation barriers and DM opportunities and to identify 
the existing contribution to apply DM to PSS development 
The initial literature review outlined in Chapter 2 was carried out in three parts. The first part 
was dedicated to the collection of existing barriers that hinder successful PSS 
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implementation. The second part aimed at describing DM and summarising its benefits, 
challenges, and future trends. The third part of the literature review aimed at identifying 
existing contributions to apply DM to PSS development. 
 
As a result, 48 PSS implementation barriers were collected and classified in order to identify 
how organisational, cultural, and regulatory challenges restrict PSS development (sub-
question 1.1). Additionally, DM features were defined along with its benefits, challenges, and 
future trends (sub-question 1.2). It was observed that literature on DM is not comprehensive 
enough to build an in-depth overview of the potential of DM and that, as a consequence, 
additional research methods must be applied. Finally, existing contributions by scholars in 
relation to applying DM to PSS were reviewed and analysed (question 1.3). Findings 
showed that the existing DM application to PSS development was very fragmented and 
required theoretical clarification. Moreover, the absence of DM applied to PSS design tools 
demonstrated the need to practically support PSS design through the application of DM.  
 
b) To validate the literature review findings regarding DM and collect the most recent 
knowledge and near-future trends of DM  
Literature describing DM was proved to be limited and fragmented. Consequently, semi-
structured expert interviews and the DM research seminar were carried out as described in 
Chapter 4. The primary studies aimed at validating literature review findings and collecting 
up-to-date knowledge about DM from experts in the field. Findings from the studies with 
experts and the literature review helped to describe DM features and make a comprehensive 
overview of DM benefits, challenges, and near-future trends for up to 10 years’ time (sub-
question 1.2). All DM benefits and near-future trends were combined and described as DM 
opportunities, ready to be applied to PSS development. 
 
c) To describe how DM opportunities can address PSS implementation barriers in 
near-future scenarios 
Knowledge regarding PSS and DM collected through the literature review and the primary 
studies were applied to make the key theoretical contribution of this thesis – DM applied to 
PSS near-future scenarios described in Chapter 5. The scenario development method was 
chosen to create new knowledge from collected theoretical findings in order to enable 
strategic conversation about DM and PSS combination. First of all, the initial literature review 
was carried out to analyse and identify the scenario building techniques and requirements. 
Later, the initial set of 35 DM applied to PSS near-future scenarios were developed through 
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the theory building approach: each collected PSS barrier was systematically linked with each 
individual DM opportunity (and its corresponding challenge(s)) to understand if the latter 
could tackle the former. Scenarios developed for this research aimed at using collected 
knowledge to illustrate situations of potential DM application to improved PSS (sub-question 
1.4). 
 

8.1.2  Meeting objectives of RQ2 
 

The second part of the thesis aimed at translating theoretical knowledge into the DM applied 
to PSS design toolkit by answering the RQ2: How to practically support PSS design 
through the application of DM? 
 
d) To develop the design toolkit based on DM applied to PSS near-future scenarios  
The literature review on scenario development helped to identify that scenarios stimulate 
conversation, encourage idea generation, and facilitate a decision-making process. Having 
developed a set of DM applied to PSS near-future scenarios the next step was to enable the 
application of these scenarios in the PSS design process. For this reason, the first version of 
the DM applied to PSS design toolkit was built and described in Chapter 6 (sub-question 
2.1). The toolkit was created to serve two aims: 1] to provide its users with knowledge about 
DM opportunities and 2] to support idea generation process for PSS development. The first 
version of the toolkit contained 35 illustrated near-future scenario cards classified on the 
idea generation diagram according to PSS life cycle stages and two DM aspects: customer 
involvement and company’s openness. The same idea generation diagram was provided for 
the generated idea positioning. 
 
e) To evaluate and improve the developed design toolkit through the iteration of 
activities with different target users 
The newly developed DM applied to PSS design toolkit needed to be tested, evaluated, and 
revised for making it complete, effective, and user-friendly. For this reason, three rounds of 
evaluation studies were conducted with various user groups (Chapter 6). 
 

1) Testing with design students at Tsinghua University in China. The effectiveness 
and usability of the first version of the toolkit were tested with 45 students from design-
related backgrounds. An 8-hour workshop was organised to identify recommendations 
for improvement to be implemented into the second version of the toolkit. The updated 
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version of the toolkit was improved with scenario cards’ selection diagrams for 
facilitated near-future scenario cards’ selection process. 
 

2) Testing with experts in the UK, manufacturing companies and design agencies 
in Brazil and PSS design students at The Federal University of Parana in Brazil. 
The second version of the DM applied to PSS design toolkit was evaluated through a 
set of empirical applications. Structured interviews helped to receive insights about 
toolkits completeness, effectiveness, and usability from 9 academics and industry 
professionals working in DM- and/or PSS-related fields. Four workshops with 
manufacturing companies and one workshop with design agencies in the South of 
Brazil were implemented to test toolkits completeness, effectiveness, and usability in 
the idea generation process. In total, 94 manufacturing companies’ employees and 
designers got involved. Finally, the second version of the toolkit was tested with 19 
PSS design students to evaluate its effectiveness and usability. It was identified that 
eventually studies produced repetitive and, thus, obvious findings leading to required 
improvement, in other words, theoretical saturation has been reached (Morse, 1995). 
The results obtained from all three studies were compared to define features to be 
included in the third version of the toolkit. The updated version of the toolkit better 
defined the step-by-step DM applied to PSS design process. 
 

3) Testing with postgraduate design students at Brunel University London. The 
usability of the third version of the DM applied to PSS design toolkit was tested with 9 
experienced students from design backgrounds. The aim of the final testing was to 
evaluate the design aspects of the toolkit – graphical communication elements and the 
overall user-friendliness – in order to finalise the toolkit. Only small adjustments were 
implemented in the final version of the toolkit. 

 
The final version of the DM applied to PSS design toolkit was made of 40 near-future 
scenario cards; three scenario cards’ selection diagrams, each referring to a different goal of 
using the toolkit; and one idea generation diagram for developed idea positioning (sub-
question 2.2). 
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f) To conclude and discuss the contribution of this thesis and the development of the 
design toolkit 
Three rounds of empirical applications of the DM applied to PSS design toolkit helped to 
define a suggested design process for toolkit’s users, summarised in Chapter 7. 
Furthermore, the evaluation studies also showed that the toolkit can be used in a flexible 
way. As a result, alternative toolkit’s applications were hypothesised for different user 
groups: manufacturing companies, design agencies, and students and educators. Initially, 
the toolkit was developed to support companies and design practitioners, however, it was 
observed during the evaluation studies, that students and educators can also benefit from 
the application of the toolkit. Created to build an understanding of DM and support the PSS 
idea generation process, the DM applied to PSS design toolkit can be used along with other 
methods and tools to complete PSS development. Finally, the toolkit’s use guidelines were 
produced to enable independent use of the toolkit without a facilitator or additional training. 
 
 

8.2 Contribution to knowledge 
 

This research aimed at investigating the application of Distributed Manufacturing to Product-
Service Systems development and produce practical design support for companies, design 
practitioners and, additionally, design educators and students. From a theoretical point of 
view, this research contributes to literature on DM and its application to address PSS 
implementation obstacles. From a practical perspective, the contribution is a design toolkit 
facilitating idea generation for PSS design through the application of DM. Below the 
theoretical and practical contributions of this research are discussed in detail. In addition, the 
contribution to the LeNSin project is also summarised.  
 

Theoretical contribution 
It was discussed in Chapter 2 that existing contributions by other scholars on the application 
of DM opportunities to PSS experienced a number of limitations. Literature on the 
combination of DM and PSS does not take into account all features of DM and describes 
only some aspects of PSS development that can be improved through DM. As a result, the 
theoretical knowledge about DM application to PSS is fragmented. This PhD research 
contributes to the theoretical knowledge by 1] collecting all barriers that hinder successful 
PSS implementation; 2] summarising DM features and collecting its opportunities and 
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challenges; and 3] developing near-future scenarios of DM applied to PSS. The following 
text describes each of the main theoretical contributions: 
 

1) Collection of barriers that hinder successful PSS implementation. 42 literature 
sources to some extent describing PSS implementation barriers were identified during 
the literature review carried out at the beginning of this research. However, none of the 
documents provided a complete review of all existing PSS implementation barriers. 
This research collected, listed, and explained all barriers that hinder successful PSS 
implementation. All barriers were classified based on three categories: 1] for 
companies; 2] for customers; and 3] context-related. Each category contained sub-
categories (13 in total) for even more specific barrier classification. 

 
2) Summary of DM features and collection of its opportunities and challenges. 

Existing literature sources on DM were identified as limited in terms of description of 
DM features, benefits, challenges, and future trends. Additional primary data collection 
activities helped to validate the literature review findings and contribute with 1] the 
description of DM features; 2] a comprehensive list of promising DM opportunities 
made of a combination of benefits and near-future trends; and 3] a summary of DM 
challenges that prevent DM implementation. 
 

3) Development of near-future scenarios of DM applied to PSS. Having collected 
PSS implementation barriers and promising DM opportunities with its challenges, 
near-future scenarios were described. Scenarios illustrate how DM opportunities could 
be applied to PSS development in each life cycle stage. Developed scenarios make 
the main theoretical contribution of this research, combining all previously collected 
theoretical knowledge and translating them into strategic material for further 
exploration. 

 

Practical contribution 
In addition to theoretical knowledge, this research contributes to DM applied to PSS design 
by supporting companies, design practitioners, educators and students with the idea 
generation toolkit. The literature review (Chapter 2) helped to identify that no existing 
methods and tools are created to support DM applied to PSS design. Theoretical knowledge 
collected in the first part of this research was applied to develop the idea generation toolkit 
supporting PSS design through the application of DM. This research contributes to design 
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practice by 1] developing the DM applied to PSS design toolkit and 2] producing use 
guidelines for different application of the toolkit. Below are discussed practical contributions 
of this PhD research. 
 

1) Development of DM applied to PSS design toolkit. Near-future scenarios with 
supporting diagrams were developed to facilitate companies, design practitioners, 
design educators and students in gaining knowledge about DM and generating ideas 
for DM applied to PSS. The toolkit was tested with different user groups and refined 
three times and its final version sufficiently support the design process. 

 
2) Summary of use guidelines for different applications of the toolkit. Empirical 

testing activities carried out with different user groups helped to observe multiple ways 
of using the DM applied to PSS design toolkit. Because of its supporting diagrams, the 
toolkit can be used flexibly depending on users’ experience, goals and time 
constraints. In addition to the toolkit itself, this research contributes to practice by 
describing use guidelines and illustrating different potential toolkit’s applications 
drawing from testing activities with its target users. 

 
Contribution to the LeNSin project 
Theoretical knowledge and the development of the design toolkit also contributed to the 
European project LeNSin. Early findings from the ongoing research process have been 
presented at the international seminars and to some extent influenced the implementation of 
the pilot courses. Findings regarding the features and opportunities of DM inspired some 
project partners to focus on DM and PSS combination in their local pilot courses. The first 
and second versions of the DM applied to PSS design toolkit have been tested during those 
pilot courses and provided teaching material for students. Finally, presentations with 
theoretical findings regarding DM and PSS combination and the final version of the toolkit 
have been uploaded on the open-access LeNSin web platform. As a result, the outcomes of 
this research can be accessed, downloaded, and used by everyone. 
 
 

8.3 Research limitations 
 

The research faced some limitations related to the research subject, data collection and 
analysis, and the author’s role. 
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8.3.1  Research subject 
 

The first part of the research aimed at building theoretical knowledge regarding PSS, DM, 
and the existing combination of both. Even though it was identified that DM application to 
PSS is promising, a number of limitations must be taken into consideration. Collection of 
barriers that hinder successful PSS implementation was collected from existing literature. 
One-quarter of all collected barriers were described in literature produced before 2010 and 
not mentioned in more recent sources. The timeframe of this research did not allow to better 
investigate these barriers. For validating them and updating the list of PSS barriers produced 
in this thesis, additional data collection methods could have been carried out: e.g. case 
study analysis, interviews, etc. 
 
Regarding DM, the ongoing research focus on the distribution of manufacturing is rapidly 
changing. New manufacturing technologies (e.g. additive manufacturing machinery), 
manufacturing spaces (e.g. Fablabs) and social movements (e.g. do-it-yourself) expand the 
applicability of DM features to various industries and contexts. Primary studies carried out to 
collect near-future trends of DM to some extent addressed this limitation. However, DM 
features, opportunities, and challenges must be constantly updated to keep up with the 
technological and social progress. Suggested near-future scenarios are probably going to 
become obsolete in the next five to ten years. In order to keep them up-to-date, the DM 
applied to PSS design toolkit is made available online in the database of the LeNSin project 
accessible to everyone willing to contribute with the latest knowledge. 
 

8.3.2  Scenario development and iterative toolkit’s testing 
 

The following limitations are related to the development of near-future scenarios and data 
collection and analysis during the iterative process of toolkit’s testing and revisions.  
 

Near-future scenario development 
The main limitation related to the development of near-future scenarios is linked to their 
validation. The scenarios were build using PSS implementation barriers collected through 
the literature review and DM opportunities and challenges collected through the literature 
review and primary studies. Near-future scenarios were built applying the theory building 
approach by combining each PSS barrier with each DM opportunity and its corresponding 
challenge(s). In total, 3,876 such combinations can be made. The author applied her own 
knowledge gained from the literature review and primary studies to describe almost one 



8. CONCLUSIONS | 265 
 

hundred initial near-future scenarios which later were revised, and their overall amount 
reduced to 35 (which were later integrated into the first version of the design toolkit). 
However, pairings of PSS implementation barriers and DM opportunities with challenges 
were not validated due to an overwhelming number of elements used to develop those 
pairings and limited timeframe of this research. On the other hand, near-future scenarios 
implemented in the design toolkit have been validated during the empirical toolkit’s 
applications with various user groups. Experts, companies, and design agencies helped to 
evaluate proposed near-future scenarios and identify the new ones. For this reason, the final 
number of scenarios implemented in the final version of the design toolkit increased to 40. 
 
A similar limitation is linked to the classification of near-future scenarios. After scenario 
integration into the design toolkit, they were classified according to PSS and DM features. 
The final version of the toolkit suggests near-future scenario categorisation according to 
PSS life cycle stages they address, DM features they contain and PSS implementation 
barriers they tackle. However, scenario classification has also been done by the author 
herself applying experience gained from the research process. This limitation was partially 
tackled during the testing activities because the classification diagrams supporting near-
future scenarios were assessed by different user groups. However, it would have been 
beneficial to carry out a data collection activity with experts from PSS and/or DM fields in 
order to validate the scenario classification.  
 

Toolkit’s testing 
Another set of limitations is related to empirical toolkit’s applications carried out to evaluate 
its completeness, effectiveness, and usability. Most of the data collection activities were 
implemented as workshops which included questionnaires surveys, participant observations, 
content analysis, and informal interviews. Each workshop was organised to allow its 
participants to apply the toolkit for its initial purpose – idea generation. Three workshops 
implemented with design students allowed the author to spend more time on data collection 
activities because of the flexible schedule of students. The author was able to discuss the 
design process and receive personal feedback from participating student through the 
informal interviews (along with questionnaire surveys). On the contrary, four workshops 
carried out with manufacturing companies and one workshop implemented with design 
practitioners experienced much stricter time constraints. Each workshop contained a brief 
presentation of the toolkit, idea generation in groups and their presentations. No time was 
left for more personal feedback collection through informal conversations with workshop 
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participants. Furthermore, questionnaire surveys with participants feedback were collected 
online after the workshop. As a result, not all participants returned their feedback and their 
answers might be inaccurate because of faded experience of using the toolkit. More time 
spent with participants of each workshop would have enabled the collection of deeper insight 
about the usability of the toolkit. However, a busy schedule of companies and design 
agencies employees did not allow the organisation of longer testing activities. 
 
Calls for participation in research workshops were open to all employees of each 
manufacturing company. Consequently, participants with a great variety of roles joined in. 
The workshops were attended by strategic planning specialists, innovation engineers, supply 
chain planners, R&D specialists, UX designers, etc. Time constraints did not allow the 
author to investigate how participants with different expertise approach and use the toolkit. 
This aspect might be implemented in future research aiming to define guidelines for toolkit’s 
users responsible for different organisational operations. 
 
The language barrier between the author and most of the participants from testing activities 
can be defined as a research limitation. Studies, such as structured expert interviews carried 
out in the UK with native English speakers were more effortless and engaging than 
workshops implemented abroad. To some extent, this limitation was addressed by involving 
a local facilitator(s) helping the author in each workshop. However, it was likely that the 
language barrier prevented participants from providing thorough feedback. 
 

8.3.3  The author’s role 
 

Limitations caused by the direct author’s involvement in each research study cannot be left 
unnoticed. The author acted as a facilitator and observer in every toolkit’s evaluation 
session. The author introduced each element of the toolkit and explained a design process 
using the toolkit. She was also ready to answer questions in case any clarification was 
needed by the participants. This allowed participants to feel comfortable when applying the 
toolkit and the author to observe and take notes about participants’ behaviour during the 
study. It is important to highlight, that the author did not intervene in or anyhow supported 
the actual idea generation process. However, toolkit’s application without a facilitator was 
not tested. The author’s presence might have influenced the way the toolkit was used. 
Without the author being present in each session and explaining the design process, toolkit’s 
users might have come up with more creative ways to apply each element of the toolkit. 
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8.4 Recommendations for future work 
 

It was already highlighted in this thesis that DM application to PSS is an emerging research 
field open to investigation. However, the timeframe of this research allowed only a limited 
amount of information to be collected and translated into research outcomes. This section 
outlines some recommendations for future work summarised from the testing activities and 
the research field in general.  
  

8.4.1  Future development of the DM applied to PSS design toolkit 
 

Potential toolkit’s improvements and future development opportunities emerged from the 
toolkit’s testing activities. The previous section discusses that completeness, effectiveness, 
and usability of the toolkit would potentially be improved by running longer and more in-
depth testing activities with companies and design practitioners. For instance, the toolkit 
could be tested throughout the entire design journey lasting several months. Additionally, 
industry professionals could also be asked to apply the toolkit after and before other tools 
and methods in order to better explore how the toolkit can be used in relation to other 
existing design support. Furthermore, investigation on how users with different expertise use 
the toolkit would help to define better use guidelines. Finally, as introduced in Section 8.3.2, 
more testing could be carried out to assess and improve developed near-future scenarios 
and their classification. 
 
Suggestions from the participants related to toolkit’s usability indicated that the traditional 
paper version of the toolkit could be replaced with a digital one. Near-future scenario cards 
available to use on a mobile device would be a more environmentally sustainable 
alternative. Furthermore, a digital toolkit’s version would allow each team member to have a 
full set of cards without the need to share. A digital toolkit could also include a more 
interactive scenario cards’ selection process. It could be made as a question-based decision 
tree, enabling its users to answer specific questions in order to receive a list of near-future 
scenario cards relevant to their particular needs. Even though the printed version of the 
toolkit was easier to test and revise, the next version could be developed as a digital toolkit 
available to be used on a mobile hand-held device. 
 
It was described in the previous chapter that different user groups approach and use the 
toolkit in different ways. Testing activities allowed to observe that users trained and 
experienced in generating ideas, such as designers and design students, find it much easier 
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to get involved in the idea generation process compared to users who have never been 
involved in creative sessions. For those users who are keen to run quick brainstorming 
sessions, a modified version of near-future scenario cards could be developed. The current 
version of the scenario cards is created to trigger ideas, as well as provide information about 
DM opportunities. The additional scenario cards could be made to prompt ideas without 
providing detailed information about DM features to their users. This new version of the 
cards could contain only a keyword (e.g. makerspaces), an icon, and a simple idea 
triggering question. Additional cards could be applied in brainstorming sessions by designers 
and other users who are already familiar with DM: experts in Additive Manufacturing, open-
source production, digitisation, etc. 
 
Finally, the toolkit’s use guidelines suggest other existing tools and methods which can be 
applied before and after using the toolkit. The future version of the toolkit could support not 
only the idea generation process but also the analysis of the existing market, concept 
detailing and visualisation. For instance, the next version of the toolkit could contain an 
additional element, e.g. a diagram allowing its users to analyse competitors developing DM-
enabled PSS businesses before generating ideas for their own PSS solutions. After the idea 
generation process, the users could benefit from additional templates for the final concept 
detailing: defining stakeholders involved, describing the relationship between them, and 
enabling visualisation of e.g. a system map. 
 

8.4.2  Further research opportunities 
 

The following research opportunities are based on the theoretical findings and described 
taking into consideration the overall research topic. 
 

Focus on different types of PSS 
PSS solutions depending on the type of product-service offering can be product-oriented, 
use-oriented, and result-oriented. Each of them is presented in Section 2.1.1 and requires 
different design considerations. When developing the DM applied to PSS design toolkit, 
some of the near-future scenarios were described according to PSS types (e.g. scenarios 
related to sharing products refer to use-oriented PSS). However, the majority of the 
scenarios presented on the cards can be applied to any type of PSS. Designing different 
types of PSS was not the aim of the toolkit and was not taken into consideration aiming to 
avoid an extra level of complexity which did not fit into the timeframe of this PhD research. 
However, enabling the future users of the toolkit to create a specific type of PSS is a 
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promising future development opportunity. Future research could focus on selecting PSS 
implementation barriers for each type of PSS and investigating how DM opportunities can be 
applied to improve different PSS offering models. 
 

Sustainability implications of DM and PSS combination 
It is known that properly implemented PSS solutions have the potential to improve societal, 
environmental, and economic sustainability. Furthermore, the literature review on DM 
showed that one of the DM drivers is increasing sustainability awareness and DM potential 
to become an alternative to wasteful centralised manufacturing (section 2.2.2). However, 
neither DM nor PSS is sustainable per se. DM, PSS, and DM applied to PSS have to be 
specifically designed taking sustainability into consideration and aiming to avoid unwanted 
rebound effects. Even though the scope of this research included sustainability implications 
of DM and PSS combination, quantified environmental benefits of each DM applied to PSS 
near-future scenario were not discussed. Future research could focus on investigating in-
depth how the PSS and DM combination could improve social, environmental, and economic 
well-being. 

  



REFERENCES | 270 
 

REFERENCES 
 
A 
 
Amara, A. (1981). The futures field: searching for definitions and boundaries. The Futurist, 15(1), 25–
29. 
 
Angeles-Martinez, L., Theodoropoulos, C., Lopez-Quiroga, E., Fryer, P., and Bakalis, S. (2018). The 
honeycomb model: A platform for systematic analysis of different manufacturing scenarios for fast-
moving consumer goods. Journal of Cleaner Production, 193, 315–326. 
 
Ardolino, M., Rapaccini, M., Saccani, N., Gaiardelli, P., Crespi, G., and Ruggeri, C. (2017). The role 
of digital technologies for the service transformation of industrial companies. International Journal of 
Production Research, 10, 1–17. 
 
Armstrong, C.M., Niinimaki, K., Kujala, S., Karell, E., and Lang, C. (2015). Sustainable product-
service systems for clothing: Exploring consumer perceptions of consumption alternatives in Finland. 
Journal of Cleaner Production, 97, 30–39. 
 
Arup (2015). Rethinking the factory. Report. Retrieved from 
https://www.arup.com/publications/research/section/rethinking-the-factory (Accessed on: 11Dec 
2017). 
 
B 
 
Baines, T., Lightfoot, H., Evans, S., Neely, A., Greenough, R., Peppard, J., Roy, R., Shehab, E., 
Braganza, A., Tiwari, A., Alcock, J., Angus, J., Bastl, M., Cousens, A., Irving, P., Johnson, M., 
Kingston, J., Lockett, H., Martinez, V., Micheli, P., Tranfield, D., Walton, I., and Wilson, H. (2007). 
State-of-the-art in product service-systems. Proceedings of the Institution of Mechanical Engineers, 
Part B: Journal of Engineering Manufacture, 221(10), 1543–1552. 
 
Bardhi, F., and Eckhardt G.M. (2012). Access-based consumption: The case of car sharing. 
Journal of Consumer Research, 39(4), 881–898. 
 
Barquet, A.P.B., Oliveira, M.G., Amigo, C.R., Cunha, V.P., and Rozenfeld, H. (2013). Employing the 
business model concept to support the adoption of product-service systems (PPS). Industrial 
Marketing Management, 42, 693–704. 
 
Basmer, S., Buxbaum-Conradi, S., Krenz, P., Redlich, T., Wulfsberg, J.P., and Bruhns, F.L. (2015). 
Open production: Chances for social sustainability in manufacturing. Procedia CIRP 26, 46–51. 
 
Bartolomeo, M., dal Maso, D., de Jong, P., Eder, P., Groenwegen, P., Hopkinson, P., James, P., 
Nijhuis, L., Orringe, M., Scholl, G., and Zaring, O. (2003). Eco-efficient producer services - what are 
they, how do they benefit customers and the environment and how likely are they to develop and be 
extensively utilised? Journal of Cleaner Production, 11, 829–837. 
 
Besch, K. (2005). Product-service systems for office furniture: Barriers and opportunities on the 
European market. Journal of Cleaner Production, 13, 1083–1094. 
 



REFERENCES | 271 
 

Blessing, L.T.M., and Chakrabarti, A. (2009). DRM, a Design Research Methodology. Springer, 
London, UK. 
 
Bogers, M., Hadar, R., and Bilberg, A. (2016). Additive manufacturing for consumer-
centric business models: Implications for supply chains in consumer goods manufacturing. 
Technological Forecasting and Social Change, 102, 225–239. 
 
Bonvoisin J., Galla J.K., and Prendeville S. (2017). Design principles for do-it-yourself production. In: 
Campana G., Howlett R., Setchi R., Cimatti B. (eds) Sustainable Design and Manufacturing 2017. 
SDM 2017. Smart Innovation, Systems and Technologies, 68. Springer. 
 
Borjeson, L., Hojer, M., Dreborg, K.H., Ekvall, T., and Finnveden, G. (2006). Scenario types and 
techniques: Towards a user’s guide. Futures, 38(7), 723–739. 
 
Bradshaw, S., Bowyer, A., and Haufe, P. (2010). The intellectual property implications of low-cost 3D 
printing. ScriptEd, 7(1), 5–31. 
 
C 
 
Cardoso, C. (2005). Design for inclusivity: Assessing the accessibility of everyday products. PhD 
thesis, Cambridge University, UK. 
 
Carroll, J. M. (2000). Making use: Scenario-based design of human-computer interaction. MIT Press, 
Cambridge, Massachusetts, USA. 
 
Catulli, M. (2012). What uncertainty? Further insight into why consumers might be distrustful of 
product service systems. Journal of Manufacturing Technology Management, 23, 780–793. 
 
Catulli, M., Cook, M., and Potter, S. (2014). Mapping transitions towards sustainable consumption: 
Latitudes, legends and declinations in the interaction between consumers culture and sustainable 
business models. Paper presented at Consumer Culture Theory Conference - CCT 2014, Helsinki, 
Finland. 
 
Case, D.O. (2008). Looking for information: A survey of research on information seeking, needs and 
behavior. Academic Press, Amsterdam, Netherlands. 
 
Ceschin, F. (2012). The introduction and scaling up of sustainable product-service systems: A new 
role for strategic design for sustainability. PhD thesis, Politecnico di Milano, Milan, Italy. 
 
Ceschin, F. (2013). Critical factors for implementing and diffusing sustainable product-service 
systems: Insights from innovation studies and companies’ experiences. Journal of Cleaner 
Production, 45, 74–88. 
 
Ceschin, F. (2014). Sustainable product-service systems: Between strategic design and transition 
studies. Springer International Publishing.  
 
Ceschin, F., and Gaziulusoy, I. (2016). Evolution of design for sustainability: From product design to 
design for system innovations and transitions. Design Studies, 47, 118–163. 
 



REFERENCES | 272 
 

Ceschin, F., and Vezzoli, C. (2010). The Role of public policy in stimulating radical environmental 
impact reduction in the automotive sector: The need to focus on product-service system innovation. 
International Journal of Automotive Technology and Management, 10(2/3), 321–341. 
 
Charro, A., and Schaefer, D. (2018). Cloud manufacturing as a new type of product-service system. 
International Journal of Computer Integrated Manufacturing, 31(10), 1018–1033. 
 
Cherry, C., and Pidgeon, N. F. (2018). Why is ownership an issue? Exploring factors that determine 
public acceptance of product-service systems. Sustainability, 10(7), 2289. 
 
Chituc, C. M., and Restivo, F. J. (2009). Challenges and trends in distributed manufacturing systems: 
Are wise engineering systems the ultimate answer. In Second International Symposium 
on Engineering Systems MIT, Cambridge, Massachusetts, USA. 
 
Cifter, A. (2011). An inclusive approach towards designing medical devices for use in the home 
environment. PhD thesis, Brunel University London, UK. 
 
Cook, M., Bhamra, T., and Lemon, M. (2006). The transfer and application of product service-
systems: From academia to UK manufacturing firms. Journal of Cleaner Production, 14(17), 1455–
1465. 
 
Cooper, T., and Evans, S. (2000). Products to services. A report for Friends of the Earth produced by 
the Centre for Sustainable Consumption. Sheffield Hallam University, UK. 
 
Cooper, T., and Evans, S. (2000). Products to services. Sheffield Hallam University, centre for 
sustainable consumption, technical paper. 
 
Coreynen, W., Matthyssens, P., De Rijck, R., and Dewit, I. (2018). Internal levers for servitization: 
How product-oriented manufacturers can upscale product-service systems. International Journal of 
Production Research, 56(6), 2184–2198. 
 
Corubolo, M., Jégou, F., Meroni, A., Piredda, F., and Zhang, Z. (2011). Visual material presenting 
emerging best practices and emerging visions on sustainable lifestyles. The emerging visions. Part 2. 
Deliverable for SPREAD Sustainable Lifestyles 2050. 
 
Creswell, J.W. (2013). Qualitative inquiry & Research design: Choosing among five approaches (3rd 
edition). Sage, Thousand Oaks, USA. 
 
Creswell, J.W. (2014). Research design (International Student Edition): Qualitative, quantitative, and 
mixed methods approaches. Sage, Thousand Oaks, USA. 
 
Creswell, J.W., and Creswell J.D. (2018). Research design: Qualitative, quantitative and mixed 
methods approaches. Sage, Thousand Oaks, USA. 
 
Crotty, M. (1998). The foundations of social research – Meaning and perspectives in the research 
process. Sage, London, UK. 
 
D 
 



REFERENCES | 273 
 

Design Council (2014). Leading business by design: Why and how business leaders invest in 
design. Warwick Business School and Design Council, London, UK. 
 
Despeisse, M., and Ford, S. (2015). The role of additive manufacturing in improving resource 
efficiency and sustainability. Advances in Production Management Systems: Innovative Production 
Management Towards Sustainable Growth, 460, 129–136. 
 
Despeisse, M., Baumers, M., Brown, P., Charnley, F., Ford, S.J., Garmulewicz, A., Knowles, S., 
Minshall, T.H.W., Mortara, L., Reed-Tsochas, F.P., and Rowley, J. (2017). Unlocking value for a 
circular economy through 3D printing: A research agenda. Technological Forecasting and Social 
Change, 115, 75–84. 
 
Dong, H. (2004). Barriers to inclusive design in the UK. PhD thesis, University of Cambridge, UK. 
 
Durão, L.F.C.S., Christ, A., Zancul, E., Anderl R., and Schützer K. (2017). Additive manufacturing 
scenarios for distributed production of spare parts. The International Journal of Advanced 
Manufacturing Technology, 93(1-4), 869–880. 
 
E 
 
Eames, M., Hunt, M., Dixon, T., and Britnell, J. (2013). Retrofit city futures: Visions for urban 
sustainability. Report for the Retrofit 2050. Project Report. Retrofit 2050 Project. 
 
Emili, S. (2017). Designing product-service systems applied to distributed renewable energy in low-
income and developing contexts: A strategic design toolkit. PhD thesis, Brunel University London, UK. 
 
Enckell, C., and Isgran, M. (2017). Barriers towards a successful adoption of PSS: A provider and 
customer perspective. Master’s thesis, Luleå University of Technology, Luleå, Sweden. 
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APPENDIX I: 
The initial set of DM applied to PSS near-future scenarios 
 
 
1. PSS providers receive PSS designs made by customers. PSS companies invite customers to 
design PSS solutions. Those customers who are skilled in using digital design tools are able to send 
files of their unique PSS designs to PSS providers in order to receive products and services made 
particularly for them. 
Customer involvement in PSS design processes addresses multiple PSS implementation barriers. By 
receiving unique PSS solutions designed by customers, PSS companies are capable to identify real 
customer needs and deliver only relevant PSS. Customers who appreciate individualisation and self-
expression through owned goods are more likely to accept PSS offerings made on-demand. 
However, PSS companies must encourage customers to get involved in PSS design, or even provide 
training to those customers who lack of skills using digital design tools. Moreover, it is likely to be 
challenging for PSS companies to manage a production of a large amount of custom-made PSS 
offerings. Finally, security issues related to intellectual property rights of PSS designs proposed by 
customers may occur. 
 
2. Open-source online libraries of PSS designs can be accessed and modified by customers. 
PSS companies establish open-source online libraries containing design files of PSS offerings. PSS 
customers are able to access these libraries, modify product designs according to their needs, send 
the production request to a local manufacturing facility and specify services that best support use of 
requested products. 
 This scenario enables PSS providers to better define customers’ needs and provide only required 
products and services. On the other hand, customers who find it challenging to overcome cultural shift 
needed to accept ownerless consumption may find it easier to accept personalised PSS solutions in 
which development process they got personally involved. 
However, releasing blueprints of PSS designs open-source PSS providers risk to get them copied 
illegally. Encouraging customers to use digital tools and get involved in designing PSS solutions can 
be challenging.  
 
3. Public makerspaces enable collaboration between PSS providers and customers.  
PSS companies use public makerspaces for the development of new PSS offerings. PSS providers 
invite customers to co-design sessions in order to co-create products and services. 
This scenario addresses PSS implementation barrier of PSS companies finding it challenging to 
define customers’ needs and service acceptance behaviour. Moreover, direct collaboration with PSS 
providers may help customers to build trust required for PSS acceptance. Finally, possible 
misunderstandings which can appear between PSS providers and customers can be solved during 
co-design sessions. 
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However, PSS companies that wish to collaborate with their customers in public makerspaces has to 
consider limited independence caused by rules and regulations of public makerspaces. Moreover, it 
may be challenging for companies to encourage customers to spare their time and get involved in 
PSS design.  
 
4. Makerspaces owned by PSS providers invite customers to create PSS offerings. PSS 
providers own geographically dispersed makerspaces established for customers interested in 
developing PSS offerings. Such makerspaces are equipped with rapid prototyping equipment and 
“Service Innovation Corner” where customers can prototype products and services. 
This scenario addresses the PSS implementation barrier faced by PSS providers, who find it 
challenging to develop PSS for a specific local context and culture. Customer involvement in PSS 
design in local facilities, potentially collaborating with local community members, can help PSS 
companies to identify real needs of their customers.  
However, PSS companies are required to invest in such makerspaces, which must be sensibly 
adapted to local contexts. Encouraging customers to get involved in PSS design may also be 
challenging. 
 
5. Personalised PSS offerings available on high street. Manufacturing of products and provision of 
services are offered by PSS companies in spaces easy to reach by customer. “PSS stations” 
equipped with advanced manufacturing technologies are placed in cafes, shopping malls and public 
libraries. Customers are able to visit such spaces to order personalised products and service. 
From PSS company’s point of view, application of this scenario makes it easier for PSS providers to 
stay close to their customers, identify their needs and provide only required products and services. 
“PSS station” implementation in public spaces can potentially facilitate PSS acceptance from 
customers’ perspective, because of PSS solutions being as easy to access as everyday shopping. 
However, it can be challenging for PSS companies to control a large number of small production 
facilities. Customer can expect to be charged higher prices for personalised offerings received on high 
street compared to traditionally mass-produced equivalents.  
 
6. Entirely bespoke products available for customers. PSS companies offer bespoke products for 
a long-term lease made on-demand according to particular customer needs. PSS customers have a 
chance to use custom-made products without owning them. 
This scenario addresses PSS acceptance from customer’s perspective. Bespoke product (with 
bespoke services) offered to a customer for a long-term lease may be more satisfying and 
encouraging to accept ownerless consumption. Moreover, customers may also be more likely to take 
better care of a product made particularly for them. 
However, customers must be ready to be charged higher price for bespoke products and services 
compared to standard PSS offerings. PSS companies can find it challenging to identify real needs of 
their customers. 
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7. Sensors help to compare traditional offerings with PSS. PSS providers supply sensors for 
customers who are not yet sure whether they should choose PSS instead of traditional product-based 
solutions. Sensors applied to customers’ products show energy consumption and life cycle costs. 
Data collected from sensors are sent to PSS providers, so they are able to offer best suitable PSS 
solution as a replacement of the owned product. 
This scenario tackles a number of PSS implementation barriers. Traditionally-owned product 
monitoring helps PSS companies to learn about the use stage of products, including energy 
consumption and customer behaviour. This information can be applied to designing and pricing new 
PSS offerings. From customer point of view, often PSS “package” is perceived as being more 
expensive. Information, provided by sensors, can help customers to learn about product life cycle 
costs and compare expenses required for traditional versus PSS solutions. 
However, PSS companies what wish to adopt monitoring technology have to be ready to invest in its 
fitting into existing company’s business processes, maintenance and upgrade. Application of 
advanced monitoring technology can cause privacy issues related to companies and customers data.  
 
8. Customised parts upgrade products included in PSS offerings. PSS providers upgrade shared 
products with customised parts produced on-demand. Customers are able to access online libraries 
containing PSS product catalogues and choose from available designs. 
This scenario aims to tackle PSS acceptance from customer perspective issues: individualisation 
trend and belief that quantity and quality of owned goods are related to social status and success in 
life. Differentiation and customisation of product parts can potentially help customers to express 
themselves and make PSS offerings more attractive to accept. 
However, customers must be ready to pay higher cost of customised product parts compared to 
traditionally mass-manufactured equivalent. Also, it may be challenging for PSS providers to identify 
user needs and preferences when assembling online product catalogues. 
 
9. Additive Manufacturing enables production of lightweight products. Application of Additive 
Manufacturing technology reduces resource consumption, at the same time enabling production of 
lightweight product components. By offering lightweight products PSS companies reduce energy 
consumption during the use stage of products and makes the material production and the disposal 
stages more environmentally beneficial. 
This scenario addresses PSS company’s concerns of lowering environmental burden at the same 
time providing high performance PSS to their customers. By decreasing energy and other resource 
consumption, PSS companies may be able to reduce prices of PSS offerings. 
However, adoption of AM technologies requires high initial investment and costs linked to its 
maintenance and upgrade. Moreover, a set of knowledge and skills are required from PSS personnel 
in order to design lightweight products and operate advanced manufacturing equipment. AM 
capabilities and material choice are still limited and perception that 3D printed components are not 
reliable may prevent customers from accepting them. 
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10. Personalised PSS offerings bring higher profit for PSS companies. PSS companies design 
products and services to address specific demands and requirements of customers. By offering 
personalised PSS offerings for each customer, PSS companies have a chance to charge them higher 
prices for such offerings. 
PSS personalisation tackles challenges faced by PSS companies that struggle to cover high initial 
investment required for PSS implementation. 
However, PSS companies that wish to offer custom-made PSS solutions may find it challenging to 
identify real needs of customers and encourage them to pay higher prices compared to standardised 
offerings. 
 
11. Communities create and provide PSS for local people. Public makerspaces become hubs for 
people who are interested in designing and manufacturing PSS offerings. Anyone capable to use 
design or manufacturing tools can get involved in any stage of PSS provision. By choosing PSS 
offerings developed in local makerspaces, customers support local communities and receive products 
and services developed by like-minded people. 
PSS development by communities in public makerspaces shows the potential to increase local 
employment rates and address specific needs and requirements of customers. As a result, it 
promotes PSS acceptance. 
However, it may be challenging to encourage communities to get involved in PSS design and 
provision, which requires strong leadership and management from community members. In addition 
to that, public makerspaces have limited capacity and production equipment and may be suitable for 
the development of only limited range of PSS. 
 
12. Collaboration with bigger PSS provider facilitates business implementation. SMEs that wish 
to be part of PSS offers are able to collaborate with companies that already provide PSS solutions. 
This allows SMEs to get integrated into bigger value chains and develop networks: SMEs provide 
products and service locally and help bigger companies to access new geographical locations. 
Collaboration with successful PSS providers enables SMEs to get involved in PSS provision without 
significant financial resources. 
However, collaborating companies has to consider challenges related to information exchange, 
potential issues with monitoring and control of manufacturing and service provision processes in 
multiple geographical locations. 
 
13. Localised manufacturing reduces supply chain. Localised production of small-scale products 
produced on-demand provides a chance to reduce the number of supply chain actors involved in PSS 
provision. This is caused by reduced delivery distances, eliminated warehousing of 
unused/standardised products and customer involvement in PSS development and support.  
This scenario tackles a number of PSS implementation barriers related to organisation issues faced 
by PSS companies. First of all, reduced service chain decreases co-dependence of partners and 



APPENDIXES | 289 
 

strengthens administration competences of a single supply chain actor. Secondly, PSS companies 
have fewer partners to share confidential information with. Finally, shortened and flexible supply chain 
has potential to be more sustainable with a chance for PSS companies to collaborate with local 
“green” suppliers. 
However, localised small-scale production with reduced supply chains tends to be less efficient 
compared to manufacturing in centralised factories. PSS companies offering on-demand solutions 
can find it challenging to regulate large number of small production orders in multiple manufacturing 
facilities. 
 
14. Additive Manufacturing reduces waste production. Application of Additive Manufacturing 
technology enables efficient use of manufacturing resources. Additive 3D printing process allows 
extraction of the amount of material only needed to make a product, with minimum or no waste 
produced. 
This scenario tackles PSS company’s concerns of delivering PSS offering with higher or equal level of 
performance than traditional solutions, at the same time reducing environmental impact through 
decreased material flows in PSS production. 
However, in order to adopt waste-free production, PSS companies must be ready to invest in AM 
technologies, its maintenance and upgrade. In addition, PSS companies may lack of skilled personnel 
who are required to have technical expertise in order to operate AM equipment. Finally, AM 
capabilities and selection of materials are still limited and may not be suitable for manufacturing of 
certain products.  
 
15. Outsourced manufacturing enables on-demand local production. PSS companies outsource 
production services and run manufacturing without owning a factory. At the same time, they benefit 
from being freed from high initial investment and maintenance costs of manufacturing facilities. 
Instead, PSS providers send digital production files of products or their components to manufacturing 
facilities placed close to their customers.  
Outsourcing manufacturing operations allows SMEs to implement PSS type business models without 
having significant financial resources. Moreover, manufacturing carried out at the point of need 
improves maintenance services, reduces lead times of spare parts and environmental impact of 
service provision linked to transportation. 
However, PSS companies can face challenges related to communication and control of multiple 
manufacturing facilities, including quality and delivery monitoring. Security issues related to 
company’s production data shared with various manufacturing facilities can occur. Moreover, products 
and their components have to be specifically designed to be able to be manufactured in a distributed 
manner. Finally, PSS companies may face limited independence linked to regulations, processes and 
objectives of outsourced manufacturing facilities.  
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16. Additive Manufacturing enables geographically dispersed production without digital file 
share. Digital production files are sent directly to Additive Manufacturing equipment based in 
geographically dispersed manufacturing facility in order to produce products at or close to the point of 
need. Same digital standards (i.e. file formats required for AM operations) provide an ability to 
remotely control manufacturing equipment. 
This scenario addresses the PSS implementation barrier related to resistance of PSS delivering 
companies to collaborate with other companies because of concerns linked to sharing confidential 
information. Moreover, such localised production has the potential to improve global service 
infrastructure, with maintenance delivered on site and reduced lead times of spare parts. This way of 
manufacturing allows PSS providers to avoid shipping products via long distances, reduces the 
number of partners in the supply chain (including distribution and warehousing) and, at the same time, 
protects intellectual property rights. 
Regarding challenges linked to such geographically dispersed production, products and their 
components have to be specifically designed to be produced in a distributed manner using AM 
equipment. PSS providers can potentially face challenges related to managing quality of products 
produced in various manufacturing facilities. Finally, geographical extension can cause fragile supply 
chains. 
 
17. Additive Manufacturing enables optimised design and production of product components. 
Products made for ownerless consumption must be easy to maintain, repair and remanufacture. 
Implementation of Additive Manufacturing technology brings the potential to create products made of 
components which can be easily taken apart, reused and remanufactured, at the same time 
facilitating maintenance services and extending lifespan of products. 
Application of Additive Manufacturing equipment allows PSS companies to gain knowledge about 
design of products for ownerless consumption. The adoption of AM technologies enables PSS 
companies to overcome barriers linked to difficulties in producing spare parts for maintenance of 
products included in PSS offerings and, as a result, concerns related to careless customer behaviour. 
However, adoption of AM technologies requires high initial investment from PSS companies and 
expenses linked to its maintenance and upgrade. Capabilities and range of materials used in AM 
technology is still limited and there is a perception that 3D printed components are not as reliable as 
mass manufactured ones. PSS companies, what wish to adopt AM technologies may face challenges 
related to training of employees who are required to operate advance manufacturing equipment. 
 
18. Public makerspaces enable PSS providers to provide maintenance services. PSS providers 
run manufacturing of spare parts and provide maintenance services in public makerspaces, based at 
the closest proximity to the point of need. Access to public makerspaces also allows PSS providers to 
operate most up-to-date manufacturing equipment without owning it. 
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Use of public manufacturing facilities for service provision creates a networked service infrastructure 
and tackles difficulty in managing spare parts for PSS maintenance service. Localised production of 
spare parts reduces lead times and environmental impact caused by service provision. 
However, public makerspaces have limited capabilities, including tools and other manufacturing 
equipment and is not suitable to produce certain product components. In addition to that, efficiency of 
small-scale manufacturing is also lower compared to centralised production facilities. PSS companies 
can also face challenges and costs related to monitoring quality and delivery of spare parts produced 
in various public manufacturing facilities. 
 
19. Public makerspaces possess digital production files shared by PSS providers. PSS 
companies share blueprints and manufacturing instructions of products included in PSS offerings with 
public makerspaces. In case of a product damage, this information can be accessed by customers 
and certain product parts or a product itself can be manufactured in a local makerspace. 
This scenario tackles difficulty to manage components for maintenance service required for PSS 
offerings. Public makerspaces enable on site manufacturing of spare parts and reduced lead times. 
However, PSS companies may be concerned of privacy issues, caused by sharing potentially 
sensitive data with public makerspaces. What is more, products included in PSS offerings have to be 
specifically designed in advance in order to be able to be maintained using manufacturing equipment 
available in makerspaces. There can be difficulties in managing quality of components produced in 
various manufacturing facilities.  
 
20. Personalised product parts ordered by customers improve the hygiene of shared products. 
PSS companies offer personalised parts of products that customers find unhygienic and unpleasant to 
handle. When using shared products, customers touch only individually produced parts made 
particularly for them.  
Making a part of a product custom-made reduces customer concerns linked to hygiene of used or 
shared products, at the same time making this solution economically viable for PSS companies, which 
are not required to modify production of the whole product. 
However, customers who wish to personalise certain parts of used or shared products must be ready 
to pay higher price for custom-made components.  
 
21. Home-manufactured personalised product parts improve the hygiene of shared products. 
Any component of shared products which customers find unhygienic to handle can be produced by 
customers themselves. Customers contact PSS provider to request for a blueprint of a specific 
product part (e.g. a helmet lining). Once a personalised blueprint is received a required product 
component is ready to be produced in a home manufacturing facility. 
Bespoke production of product parts addresses hygiene issues related to access to shared products 
and customer fear that products are not clean after previous customer used them. 
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However, DIY manufacturing at home distinguishes by limited capacity, manpower and manufacturing 
equipment and may not be suitable for production of certain components. For PSS providers it can be 
challenging to encourage customers to run manufacturing at home as well as to track production 
quality in various manufacturing sites.  
 
22. Customers run manufacturing, PSS providers carry out service provision. PSS companies 
provide only support services leaving product manufacturing to be run by customers. PSS companies 
share blueprints and all necessary product manufacturing instructions with customers in order to 
enable them to carry out production in public makerspaces. 
This scenario allows PSS companies to deliver PSS offerings without owning a manufacturing facility. 
As a result, SMEs that wish to implement PSS type business models are not required to have 
significant initial investment. Customers involved in manufacturing of products included in PSS 
offerings, can benefit from reduced PSS prices since no additional PSS personnel is required.  
However, PSS companies may find it challenging to encourage customers to get involved in 
manufacturing of products included in PSS offerings. Moreover, it can be also challenging for PSS 
companies to monitor and regulate a large number of small-scale production carried out in multiple 
manufacturing facilities. Public makerspaces also tend to distinguish by limited capacity and 
availability of production equipment.  
 
23. Standardised replaceable product parts improve the hygiene of shared products. PSS 
companies offer replaceable parts for products which customers find unhygienic to handle. These 
product parts (e.g. handlebars), manufactured locally, are easy to get with any shared product. Being 
standardised, replaceable parts are affordable for any customer. 
This scenario addresses customer concerns related to hygiene of shared products. Getting offered 
replaceable product parts, not being used by any other user before, customers may find it easier to 
accept sharing and move towards ownerless consumption. 
However, by offering standardised replaceable product parts PSS companies can increase 
environmental impact caused by intensified production.  
 
24. Sensors improve development of future products. Sensors are applied to products included in 
PSS offerings in order to track product performance and customer behaviour using the product and 
predict need for maintenance services. Sensors collect data over time, store it in a cloud and help 
PSS company to use it in order to improve future product performance and reduce maintenance 
costs. 
This scenario helps PSS companies to gain knowledge on how to design long-lasting and easy-to-
maintain products for ownerless consumption. Moreover, sensors provide PSS companies with data 
about life cycle costs and help service providers to price future PSS. Finally, monitoring technology 
enables PSS companies to get familiar with customer PSS acceptance behaviour and design 
offerings to meet specific needs. 
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However, PSS companies what wish to adopt sensor technology, have to be ready for high initial 
investment and expanses needed for its maintenance and upgrade. Application of monitoring 
technology can cause privacy issues related to companies and customers data. 
 
25. Public makerspaces invite customers to share and gain knowledge. Public makerspaces are 
now also used for knowledge share about PSS offerings. Customers are able to gather in public 
makerspaces and learn skills needed to provide maintenance service for products included in PSS 
offerings. After attending activities with community, people are able to identify product damage and 
choose a right method to repair it without support from PSS provider. 
Knowledge about PSS provided in public makerspaces increases awareness about PSS offerings and 
financial benefits of ownerless consumption. Having more knowledge about how to repair broken 
product components, customers may be less concerned of damaging shared products. As a result, 
they may be more willing to accept PSS solutions. 
However, activities open to public in makerspaces cause a risk to increase environmental impact of 
more people getting involved in manufacturing processes. Public makerspaces are likely to produce 
high amount of material waste.  
 
26. Product maintenance is carried out by customers in public makerspaces. Network of open-
to-public makerspaces enables customers to get involved in maintenance and repair of products 
included in PSS offerings. Customers are able to contact PSS providers in case of product damage, 
receive digital production files of spare parts and produce them in public makerspaces. 
This scenario addresses multiple PSS implementation barriers. First of all, facilitated maintenance 
shows the potential to overcome customer concerns related to ruining or damaging accessed 
products. Secondly, customer involvement in product repair may help to reduce PSS prices related to 
high labour expenses required for usually labour-intensive PSS offerings. Finally, production in 
makerspaces has the potential to improve global service infrastructure and reduce lead times of spare 
parts. 
However, the key challenge potentially preventing implementation of this scenario is encouraging 
customers to support damaged products. DIY production in makerspaces can be restricted by limited 
tools and capacity. As a result, not all products and their components can be produced in open-to-
public facilities. By enabling their customers to get involved in product maintenance, PSS providers 
can potentially face challenges related to managing quality of products produced in various 
makerspaces. 
 
27. Product maintenance is carried out by customers at home. PSS companies enable their 
customers to provide maintenance services at home manufacturing facilities. If a product included in a 
PSS offering gets damaged and a new spare part is needed, customers are able to find a required 
blueprint in an online library of the PSS company. The spare part is able to be produced at customer’s 
home using personal Additive Manufacturing equipment.  
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This scenario shows the potential to address PSS implementation barriers from both company’s and 
customer’s perspective. Home manufacturing of product components may help to create a low 
maintenance system with on site manufacturing of spare parts and reduced lead times (and 
environmental impact) of service provision. By maintaining PSS offerings at home, customers do not 
require PSS providers to enter into their property in order to provide a service. PSS prices for 
customers who maintain PSS offerings themselves may be reduced, since no additional labour 
expanses are required. 
However, environment for home manufacturing facilities has to be specifically designed, because of 
toxicity, noise and energy consumption of Additive Manufacturing equipment. Moreover, such DIY 
facilities have limited tools and capacity, and may not be suitable for production of certain 
components. PSS companies can face challenges in controlling quality of spare parts produced in 
home manufacturing facilities. 
 
28. Localised manufacturing simplifies distribution. Localised manufacturing enables PSS 
companies to implement simplified delivery to their customers. With product maintenance, repair and 
upgrade available to be done close to customers, transportation costs, delivery times, and 
environmental impact are reduced.  
Simplified distribution addresses PSS implementation barriers related to environmental impact of 
service provision as well as requirement for global service infrastructure in order to facilitate 
maintenance and delivery of spare parts. Moreover, reduced delivery distances enable PSS 
companies to provide services more rapidly potentially making customers more satisfied with PSS 
acceptance. 
However, small-scale geographically dispersed production may cause challenges for PSS companies 
in terms of information exchange, production monitoring and control between different manufacturing 
facilities. Efficiency in such facilities can be lower compared to centralised mass production factories.  
 
29. Information about PSS offerings available in local factories. PSS companies provide their 
customers with training on how products included in PSS are made and how to use them most 
efficiently. These educational activities are carried out in locally-based factories, specifically designed 
to show economic and environmental benefits of PSS solutions. 
First of all, this scenario addresses a lack of customer understanding of the overall PSS concept and 
its financial benefits compared to traditional product purchases. As a result, improved customer 
knowledge about ownerless consumption leads to more careful behaviour using shared products. 
Finally, educational activities in local factories has the potential to provide financial institutions with 
knowledge about PSS offerings and encourage them to support PSS implementation. 
However, implementation of local factories for knowledge provision can be challenging for PSS 
companies, since such facilities has to be sensibly adapted to local context and easy to access by 
community members. Educational activities may also increase complexity of business processes 
adding more responsibilities to managers and service personnel. 
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30. Sensors provide information about product use to PSS providers and customers. Sensors 
applied to shared products show their performance and provide feedback to optimise consumption 
and service provision. PSS providers are informed about the product condition in order to provide 
relevant services. Customers are given information about product availability and advices regarding 
efficient consumption. 
From the PSS company’s point of view, real-time data provided by monitoring technology addresses 
concerns related to relevant and rapid maintenance service provision. Moreover, sensor technology 
enables PSS companies to receive information directly, without involvement of other stakeholders. 
For customers, data received from sensors provides real-time information about availability and 
condition of shared products, improving independence and convenience. 
However, implementation of sensor technology requires changes of mind-set from PSS companies, 
high initial investment and expenses related to maintenance and upgrade. Data collected by 
monitoring technology causes concerns of privacy issues related to company’s and customer’s 
confidential information.  
 
31. Sensors provide information about product condition only to customers. Monitoring 
technology enables customers to have control over the use stage of products. Data generated from 
sensors applied to products included in PSS offerings keeps customers updated regarding the 
condition of products. If any support is needed customers contact PSS providers to request further 
help. 
Since customers are concerned that in case of the need of maintenance PSS provider access 
personal data or even enter into customer’s property, direct product monitoring can help customers to 
avoid PSS provider’s intervention. Moreover, application of sensor technology can improve 
convenience related to access of shared products through real-time information about product 
availability. 
However, PSS companies may face challenges and high costs related to provision of sensors. Data 
collection through monitoring technology can cause privacy issues linked to potentially sensitive 
information about customer. 
 
32. Sensors indicate the level of hygiene of leased products. Sensors are applied to leased and 
rented products to inform customers about the level of cleanliness of a used product and advise 
whether the product is safe to use. Data from sensors can be accessed directly by customers using a 
smartphone, without the need for involvement of PSS provider. 
This scenario tackles the barrier, related to customer concerns about the hygiene of used or shared 
products. Product monitoring through the application of sensor technology also has the potential to 
improve customers trust in PSS provider, caused by transparency and provision of real-time 
information. 
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However, adoption of sensor technologies and their integration in existing company’s business 
processes requires high initial investment from PSS providers. Moreover, data available from sensors 
can cause issues related to company’s and customer’s data. 
 
33. Sensors indicate product end-of-life. Products included in PSS offerings are equipped with 
monitoring technology and provide real-time data to PSS companies. Sensors inform PSS companies 
when products are obsolete or damaged and required to be collected. 
This scenario tackles PSS implementation barrier of PSS customers not being willing to return 
products and their end-of-life. Real time monitoring enables PSS providers to ensure products are 
collected at their end-of-life. Moreover, information about the amount and the condition of products 
reaching their end-of-life has the potential to improve overall collection, recycling and remanufacturing 
infrastructure. 
However, PSS companies have to consider financial resources required for implementation, 
maintenance and upgrade of monitoring technology.  
 
34. Obsolete products are turned into personalised offerings. PSS providers offer their 
customers personalised products in exchange of obsolete ones. Once customers return outdated or 
broken product to PSS companies, they are able to receive new personalised products made using 
working components or recycled material from the products they brought. Personalised products are 
then supported with personalised services. 
Although product recycling is the last opportunity to extract energy embedded into a product, 
personalised products made of recycled material may bring emotional value to customers. As a result, 
customers may be more willing to return products included in PSS at their end-of-life. 
However, new personalised products offered to customers has to be attractive, thus old components 
or recycled material has to be used in a creative way. 
 
35. Localised recycling facilities simplify product collection and recycling. PSS companies own 
a network of “Recycling stations”, which are equipped with recycling technology and manufacturing 
machinery that only uses recycled materials. Being based at the close proximity to customers, 
“Recycling stations” are easy to access by both customers and PSS providers. 
An implementation of a network of local recycling stations tackles the absence of infrastructure for 
product end-of-life stage including collection, recycling and remanufacturing. 
However, recycling and remanufacturing processes in small-scale local facilities are less efficient 
compared to centralised factories. Before building a recycling network, PSS companies have to make 
sure “Recycling stations” are based in locations easy to access by community members and PSS 
providers.  
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APPENDIX II: 
Presentation about the DM literature review findings 
(provided to the participants of semi-structured interviews) 
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APPENDIX III: 
Questionnaires used in this research 
 

1. Workshop with design students at Tsinghua University 

 

Questionnaire 

Please write down the name of your university 

     __________________________________________________ 
 

Distributed Manufacturing applied to Sustainable Product-Service System 
 
Scenario Cards  
 

 
 
Please cycle the relevant number and answer the questions. 

 
Completeness 

 
1. To what extent are the illustrations on the scenario cards easy to understand?  
1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 

 
1.1 How can the illustrations be improved to make them easier to understand? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 

2. To what extent are the descriptions of the scenarios easy to understand (including Limitations 
and Benefits)? 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 

 
2.1 How can the descriptions be improved to make them easier to understand? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 

3. To what extent are the colour coding and the icons easy to understand? 
1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
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3.1 How can the colour coding and the icons be improved? Please sketch your ideas. 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 

 
4. To what extent, in general, is the layout of the scenario cards relevant to its contents? 
1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 

 
4.1 How can the layout of the cards be improved to better match the contents? Please sketch your 

ideas. 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
      Use 
 

5. To what extent are the scenario cards easy to use? 
1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 

 
5.1 How can the cards be improved to make them easier to use? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 

Effectiveness 
 

6. To what extent the scenario cards helped you to understand the potential benefits of DM 
applied to PSS?  

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 
6.1 How can the cards be improved to better represent the potential benefits of DM applied to 

PSS? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 

7. To what extent are the scenario cards useful to generate ideas?  
1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 

 
7.1 How can the cards be improved to better stimulate idea generation? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 

8. To what extent the scenario cards helped you to stimulate the discussion in your group?  
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1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 

 
8.1 How can the cards be improved to better facilitate the discussion? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 

 
 
9. Did you find any of the scenarios difficult to understand or inappropriate? If yes, please 

specify which ones and why. 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
  
        Distributed Manufacturing applied to Sustainable Product-Service System 

DM + PSS idea generation diagram  
 

 
 
Please cycle the relevant number and answer the questions. 
 
Completeness 

 
1. To what extent is the DM + PSS idea generation diagram easy to understand? 
1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 

 
1.1 How can the diagram be improved to make it easier to understand? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
       
      Use 
 

2. To what extent is the DM + PSS idea generation diagram easy to use? 
1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 

 
2.1 How can the diagram be improved to make it easier to use? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
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Effectiveness 

 
3. To what extent is the DM + PSS idea generation diagram useful to generate ideas? 
1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 

 
3.1 How can the diagram be improved to make idea generation process more effective? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 

 
4. To what extent has the DM + PSS idea generation diagram helped you to take into account a 

complete life cycle of your concept?  
1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 

 
4.1 How can the diagram be improved to facilitate consideration of complete product life cycle? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 

5. To what extent the DM + PSS idea generation diagram helped you to stimulate the discussion 
in your group? 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 
 
5.1 How can the diagram be improved to better facilitate the discussion? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 

6. Do you have any other comments or suggestions regarding the overall use of the tool? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________  
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2. Workshops with companies and design agencies 

Questionnaire 
Distributed Manufacturing applied to Sustainable Product-Service System 

 
 
Please write down your role in the company: 
 

 
 
PSS BARRIER DIAGRAM 
 

 
 
Completeness 
1. To what extent are the categories of PSS implementation barriers, presented in this 

diagram, sufficient enough to explain key obstacles for PSS development? 

1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
1.1   Can you identify any barriers that your company face, that are missing from the 
diagram? 
 

 
Use 
2. To what extend is the diagram easy to use? 

1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
2.1 How can the diagram be improved to make it easier to use (in term of layout / colours / 
shapes etc.)? 
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Effectiveness 
3.  To what extent is the diagram helpful to select relevant scenario cards? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
3.1 How can the diagram be improved to facilitate scenario card selection? 
 

 
PSS LIFE CYCLE STAGES DIAGRAM 
 

 
 
Completeness 
1.  To what extent are the PSS life cycle stages, presented in this diagram, helpful to 
consider a complete lifecycle of your PSS offerings? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
1.1 How can the PSS life cycle stages be improved? 
 

 
Use 
2.  To what extend is the diagram easy to use? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
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2.1 How can the diagram be improved to make it easier to use (in term of layout / colours / 
shapes etc.)? 
 

 
Effectiveness 
3.  To what extent is the diagram helpful to select relevant scenario cards? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
3.1 How can the diagram be improved to facilitate scenario card selection? 
 

 
KEY DM FEATURES DIAGRAM 

 
 
Completeness 
1.  To what extent are the DM features, presented in this diagram, helpful to understand the 
potential of Distributed Manufacturing? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
1.2 How can the diagram be improved to facilitate an understanding of Distributed 

Manufacturing? 
 

 
Use 
2.  To what extend is the diagram easy to use? 
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1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
2.1 How can the diagram be improved to make it easier to use (in term of layout / colours / 
shapes etc.)? 
 

 
Effectiveness 
3.  To what extent is the diagram helpful to select relevant scenario cards? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
3.1 How can the diagram be improved to facilitate scenario card selection? 
 

 
PSS+DM OVERALL DIAGRAM 
 

 
 
Completeness 
1.  To what extent is the PSS+DM overall diagram helpful to understand Distributed 
Manufacturing potential to improve PSS development? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
1.3 How can the diagram be improved to facilitate this understanding? 
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Use 
2.  To what extend is the diagram easy to use? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
2.1 How can the diagram be improved to make it easier to use (in term of layout / colours / 
shapes etc.)? 
 

 
Effectiveness 
3.  To what extent is the diagram helpful to select relevant scenario cards? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
3.1 How can the diagram be improved to facilitate scenario card selection? 
 

 
NEAR FUTURE SCENARIO CARDS 
 

   
 
Completeness 
1.  To what extent are the scenario descriptions (including illustrations) easy to understand? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
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1.1  How can the descriptions be improved to make them easier to understand? 
 

 
2.  To what extent are the PSS barriers addressed, presented on each card, relevant to 
scenarios? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
2.1 Can you identify any cards with irrelevant PSS barriers? Please use scenario numbers to 
specify. 
 

 
Use 
3.  To what extent are the scenario cards easy to use? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
3.1 How can the scenario cards be improved to make them easier to use? 
 

 
Effectiveness 
4.  To what extent the scenario cards helped you to understand potential benefits of 
Distributed Manufacturing applied to PSS development? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
4.1 How can the cards be improved to better represent potential benefits of Distributed 
Manufacturing applied to PSS development? 
 

 
5.  To what extent are the scenario cards useful to generate ideas? 
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1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
5.1 How can the scenario cards be improved to better stimulate idea generation? 
 

 
6.  To what extent the scenario cards helped you to stimulate the discussion in your group? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
6.1 How can the scenario cards be improved to better facilitate the discussion? 
 

 
7.  Did you find any of the scenarios difficult to understand or inappropriate? If yes, please 
use scenario numbers to specify which ones and why? 
 

 
 
PSS+DM IDEA GENERATION DIAGRAM 
 

 
 
Completeness 
1.  To what extent is the PSS+DM idea generation diagram easy to understand? 
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1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 

 
1.1 How can the diagram be improved to make it easier to understand? 
 

 
Use 
2.  To what extend is the PSS+DM idea generation diagram easy to use? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
2.1 How can the diagram be improved to make it easier to use (in term of layout / colours / 
shape etc.)? 
 

 
Effectiveness 
3.  To what extent is the PSS+DM idea generation diagram useful to generate ideas? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 
 
3.1 How can the diagram be improved to make idea generation more effective? 
 

 
4. To what extent the PSS+DM idea generation diagram helped you to explore potential 
benefits of Distributed Manufacturing applied to PSS development? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 

 
4.1 How can the diagram be improved to better represent potential benefits of Distributed 
Manufacturing applied to PSS development? 
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5. To what extent the PSS+DM idea generation diagram helped you to stimulate the 
discussion in your group? 
 
1 – Very poor            2 – Poor        3 – Sufficient             4 – Good          5 – Very good/Excellent 

 
5.1 How can the diagram be improved to better facilitate the discussion? 
 

 
 
6. Do you have any other comments or suggestions regarding the overall use of the 
tool? 
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3. Workshop with PSS design students at The Federal University of Parana 

Questionnaire 
 
PSS+DM OVERALL DIAGRAM 
 

 
 
Use 
1.  To what extend is the diagram easy to use? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

1.1 Does the diagram need to be improved to make it easier to use (in term of layout / 
colours / shapes etc.)? If yes, what can be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
Effectiveness 
2.  To what extent is the PSS+DM overall diagram helpful to understand Distributed 
Manufacturing potential to improve PSS development? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

2.1 Does the diagram need to be improved to facilitate this understanding? If yes, what can 
be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
NEAR FUTURE SCENARIO CARDS 
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Completeness 
1.  To what extent are the scenario descriptions (including illustrations) easy to understand? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

1.2  Do the descriptions need to be improved to make them easier to understand? If yes, 
what can be improved? 

___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
2.  To what extent, in general, is the layout of the scenario cards relevant to its contents? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

2.1 Does the layout of the scenario cards need to be improved to better match the contents? 
If yes, what can be improved? Please sketch your ideas. 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
Use 
3.  To what extent are the scenario cards easy to use? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

3.1 Do the scenario cards need to be improved to make them easier to use? If yes, what can 
be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
Effectiveness 
4.  To what extent the scenario cards helped you to understand potential benefits of 
Distributed Manufacturing applied to PSS development? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

4.1 Do the scenario cards need to be improved to better represent potential benefits of 
Distributed Manufacturing applied to PSS development? If yes, what can be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
5.  To what extent are the scenario cards useful to generate ideas? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
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5.1 Do the scenario cards need to be improved to better stimulate idea generation? If yes, 
what can be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
6.  To what extent the scenario cards helped you to stimulate the discussion in your group? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

6.1 Do the scenario cards need to be improved to better facilitate the discussion? If yes, 
what can be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
7.  Did you find any of the scenarios difficult to understand or inappropriate? If yes, please 
use scenario numbers to specify which ones and why. 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
PSS+DM IDEA GENERATION DIAGRAM 
 

 
 
Completeness 
1.  To what extent is the PSS+DM idea generation diagram easy to understand? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

1.1 Does the diagram need to be improved to make it easier to understand? If yes, what can 
be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
Use 
2.  To what extend is the PSS+DM idea generation diagram easy to use? 
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1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

2.1 Does the diagram need to be improved to make it easier to use (in term of layout / 
colours / shape etc.)? If yes, what can be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
Effectiveness 
3.  To what extent is the PSS+DM idea generation diagram useful to generate ideas? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

3.1 Does the diagram need to be improved to make idea generation more effective? If yes, 
what can be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
4. To what extent the PSS+DM idea generation diagram helped you to explore potential 
benefits of Distributed Manufacturing applied to PSS development? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

4.1 Does the diagram need to be improved to better represent potential benefits of 
Distributed Manufacturing applied to PSS development? If yes, what can be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
5. To what extent the PSS+DM idea generation diagram helped you to stimulate the 
discussion in your group? 
 

1 – Very poor      2 – Poor     3 – Sufficient      4 – Good      5 – Very good/Excellent 
 

5.1 Does the diagram need to be improved to better facilitate the discussion? If yes, what 
can be improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
6. Do you have any other comments or suggestions regarding the overall use of the tool? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
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4. Workshop with design research students at Brunel University 

QUESTIONNAIRE 08.11.2018  

Please cycle the relevant number and answer the questions  

1. SCENARIO CARDS  

1.1 To what extend are the scenario cards easy to understand?  

1- very poor 2 - poor 3 - sufficient 4 - good 5 - very good/excellent 

1.2 Do the scenario cards need to be improved to make them easier to understand (in terms 
of layout / colours / shapes etc.)? If yes, what can be improved? Please annotate on the 
pictures below. 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 

 

1.3 To what extend are the scenario cards easy to use?  

1- very poor 2 - poor 3 - sufficient 4 - good 5 - very good/excellent 

 
1.4 Do the scenario cards need to be improved to make them easier to use? If yes, what can 
be improved?  
___________________________________________________________________ 
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___________________________________________________________________  
___________________________________________________________________ 
 

1.5 To what extent, in general, is the layout of the scenario cards relevant to its contents?  

1- very poor 2 - poor 3 - sufficient 4 - good 5 - very good/excellent 

1.6 Does the layout need to be improved to better match the contents? If yes, what can be 
improved? Please sketch if you have any ideas. 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
 
 
 
 
 
 
 
Please cycle the relevant number and answer the questions  

2. CARD SELECTION DIAGRAMS  

2.1 To what extend are the card selection diagrams easy to understand?  

1- very poor 2 - poor 3 - sufficient 4 - good 5 - very good/excellent  

2.2 Do the diagrams need to be improved to make them easier to understand (in terms of 
layout / colours / shapes etc.)? If yes, what can be improved? Please annotate on the 
pictures below. 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
 

 

2.3 To what extend are the card selection diagrams easy to use?  
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1- very poor 2 - poor 3 - sufficient 4 - good 5 - very good/excellent 
 
2.4 Do the diagrams need to be improved to make them easier to use? If yes, what can be 
improved?  
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 

2.5 To what extent, in general, are the layouts of the card selection diagrams relevant to 
their contents?  

1- very poor 2 - poor 3 - sufficient 4 - good 5 - very good/excellent 

2.6 Do the layouts need to be improved to better match the contents? If yes, what can be 
improved? Please sketch if you have any ideas.  
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
 
 
 
 
 

Please cycle the relevant number and answer the questions  

3. IDEA GENERATION DIAGRAM  

3.1 To what extend are the idea generation diagram easy to understand?  

1- very poor 2 - poor 3 - sufficient 4 - good 5 - very good/excellent 

3.2 Does the diagram need to be improved to make it easier to understand (in terms of 
layout / colours / shapes etc.)? If yes, what can be improved? Please annotate on the picture 
below.  
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
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3.3 To what extend is the idea generation diagram easy to use?  

1- very poor 2 - poor 3 - sufficient 4 - good 5 - very good/excellent 
 
3.4 Does the diagram need to be improved to make it easier to use? If yes, what can be 
improved? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
3.5 To what extent, in general, is the layout of the idea generation diagram relevant to its 
contents?  

1- very poor 2 - poor 3 - sufficient 4 - good 5 - very good/excellent 

3.6 Does the layout need to be improved to better match the contents? If yes, what can be 
improved? Please sketch if you have any ideas. 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
 

 

 

OVERALL 

4. Did you any other difficulties using the toolkit? Please identify. 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 
 
 
5. What do you think is the best part of the toolkit that you would not change? 
___________________________________________________________________ 
___________________________________________________________________  
___________________________________________________________________ 

THANK YOU! 
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APPENDIX IV: 
Examples of ideas developed using the toolkit 
(All ideas are genuine, as written by workshop participants) 
 
1. Design students from Tsinghua University 

(the first version of DM applied to PSS design toolkit applied) 
 
 
Group 1 
Lighting solutions for underground parking 
 
Initial ideas: 
 
PSS Design: 

1. Parking owner participates the design process for them 
2. Solar panel/battery: colour, size, location, shape. Taxi drivers can choose which kind of solar 

panel depending on car size/style. 
3. Energy station: parking owner chooses the lighting system and service that best suit 
4. Station + Energy system: Design by solar energy company itself 
5. Station + Energy system: Architecture company or engineering company 
6. Solar panel + Battery: Design by PSS itself (design/technology department) 

 
PSS Business implementation: 

7. Solar panel + Battery: Rent / buy from station 
8. Local-based factory 
9. Solar panel + Battery: Install to our home by PSS (local area) 
10. Station building entrepreneur 

 
PSS Manufacturing: 

11. Enable parking communities to have direct control over the means of solar system + solar 
panel 

12. Solar panel: (drivers have bought it) contact PSS to report the solar panel system damage, 
receive file of damage and manufactures new part 

13. Solar panel + Battery: Customer finds solar panel car-facility online and orders personalised 
to be produced 

14. PSS provide install and maintain 
 

PSS Distribution: 
15. Battery station: (deliver battery in local place, drivers do not need to go to energy station 

(parking lot) to give battery) PSS will collect them per period (drivers can know where have 
new battery and can go to get it) 

16. Energy station: Mobile can move 
17. PSS -> storage station 

 
PSS Use: 

18. Solar panel: (drivers have bought it) contact PSS to report the solar panel system damage, 
receive file of damage and manufactures new part 

19. Parking owners can contact PSS (Sensors) 
20. Sensors attached to the solar panel -> the drivers know the damage -> get in touch with PSS 
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21. Maintain and update 
22. Drivers: signal -> how much solar energy are be collected 
23. Rent solar panel from energy station 

 
PSS End-of-life 

24. Locally-based recycling station easy to access for customers 
 
Final (presented) ideas 
 
SOLAR PANEL: 

1. User can choose the style of the solar panel from Web 
(DESIGN – Customers choose from PSS offerings – Company does not share data) 

2. User lease the system from the station 
(BUSINESS IMPLEMENTATION – Customer only uses PSS offerings – Company does not 
share data) 

3. System can be installed anywhere 
(DISTRIBUTION – Customer monitors PSS offerings – Company shares data with other 
manufacturing facilities) 

4. System can be used while driving in sunny day 
(USE – Customer monitors PSS offerings – Company shares data with other manufacturing 
facilities) 

5. Users can refit the product by themselves 
(MATERIAL PRODUCTION AND MANUFACTURING – Customers choose from PSS offerings 
– Company does not share data) 

6. Local dealer in charge of recovery processing 
(END-OF-LIFE – Customer only uses PSS offerings – Company shares data with other 
manufacturing facilities) 

 
ENERGY STATION: 

1. Design by Apollo energy company 
(DESIGN – Customer only uses PSS offerings – Company does not share data) 

2. Cooperation with local dealer 
(BUSINESS IMPLEMENTATION – Customer only uses PSS offerings – Company does not 
share data) 

3. Parking lots operate the station by themselves  
(USE – Customer monitors PSS offerings – Company shares data with other manufacturing 
facilities) 

4. Manufacture in local factory 
(MATERIAL PRODUCTION AND MANUFACTURING – Customer only uses PSS offerings – 
Company does not share data) 

5. Local dealer build station for parking lot 
(DISTRIBUTION – Customer only uses PSS offerings – Company does not share data) 

 
 
Group 2 
Lighting solutions for shepherds in Inner Mongolia 
 
Initial ideas: 
 
PSS Design: 

1. Community center 3D printer 
2. Changing components 
3. Energy plan 
4. Sensor implementation 
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PSS Business implementation: 

5. Localised manufacturing. Building 
6. Locallised management 

 
PSS Manufacturing: 

7. Experience sharing 
8. Replaceable parts 
9. Outsourced manufacturing 
10. Sensor improve development 

 
PSS Use: 

11. Smart appliance 
 
PSS End-of-life: 

12. Recycle products exchange 
13. APP indicates end-of-life 

 
Final (presented) ideas: 
 

1. Localised management 
((BUSINESS IMPLEMENTATION – Customer only uses PSS offerings – Company shares data 
with other manufacturing facilities) 

2. Smart appliances 
(USE - Customer monitors PSS offerings – Company does not share data) 

3. Replaceable parts 
(MATERIAL PRODUCTION AND MANUFACTURING / USE – Customer only uses PSS 
offerings – Company does not share data) 
 

Others: 
1. Community center 

(DESIGN / MATERIAL PRODUCTION AND MANUFACTURING – Customer manufactures 
products/components – Company shares data with customers) 

2. Changing components 
(DESIGN / USE – Customers choose from PSS offerings – Company shares data with 
customers) 

3. Energy plan 
(DESIGN - Customer only uses PSS offerings – Company does not share data) 

4. Localised manufacturing 
(BUSINESS IMPLEMENTATION – Customer manufactures products/components – Company 
shares data with other manufacturing facilities) 

5. Experience sharing 
(MATERIAL PRODUCTION AND MANUFACTURING – Customer manufactures 
products/components – Company does not share data) 

6. Outsourced manufacturing 
(MATERIAL PRODUCTION AND MANUFACTURING – Customer only uses PSS offerings – 
Company shares data with other manufacturing facilities) 

7. Sensors improve development 
(MATERIAL PRODUCTION AND MANUFACTURING / USE – Customer only uses PSS 
offerings – Company does not share data) 

8. Recycle products exchange 
(END-OF-LIFE – Customer designs PSS offerings – Company does not share data) 

9. App indicates end-of-life 
(END-OF-LIFE – Customer only uses PSS offerings – Company does not share data) 
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Group 3 
Lighting solutions for fieldworkers in mining areas 
 
Initial ideas: 
 
PSS Design: 

1. Entrepreneur receives design specs from LIT ENT 
 

PSS Business implementation: 
2. Upfront cash to support initial cost pay back scheme 60/40% ENTREPRENEURS Become 

manufacturers to supply resource repair and maintenance 
3. Micro-financing 

 
PSS Manufacturing: 

4. ENTREPRENUER DEVELOPS. Entrepreneur receives data file of drone spec. Builds within 
guidelines using maker centers etc. 
 

PSS Distribution: 
5. Localised distribution 

 
PSS Use: 

6. LIT ENTERPRISE. Receives data from sensors and customer feedback to improve PSS 
offerings. 

7. ENTERPRENEUR must maintain good reviews / Rating and rerating 
8. Drone can test ground components + real time lab link 

 
PSS End-of-life: 

9. EntREpreneur receives data of End-of-life 
10. EntREpreneur upcycles, re-uses components for new addition drones 
11. Easy separation of product 

 
Final (presented) ideas: 
 

1. Entrepreneur receives design specifications from LIT 
(DESIGN – Customer only uses PSS offerings – Company shared data with other 
manufacturing facilities) 

2. Up-front cash through banks to support initial cost for local entrepreneur to develop their 
business 
(BUSINESS IMPLEMENTATION – Customer only uses PSS offerings – Company shares data 
with other manufacturing facilities) 

3. Local entrepreneur builds the drones within guidelines utilising local materials, makerspaces, 
etc.  
(MATERIAL PRODUCTION AND MANUFACTURING – Customer manufactures 
products/components – Company shares data with other manufacturing facilities) 

4. Distributors are based on local demand 
(DISTRIBUTION – Customer only uses PSS offerings – Company does not share data) 

5. Field worker requests drones per period of use. Usage data are shared by entrepreneur and 
LIT. 
(USE – Customer monitors PSS offerings – Company does not share data) 

6. Entrepreneurs make best use to maintain, recycle and upgrade the drones. 
(END-OF-LIFE – Customer monitors PSS offerings – Company shares data with other 
manufacturing facilities) 

 
Highlights of PSS on DM: 

1. Empowering local entrepreneurs to fulfil local business demand. 
2. Drones are produced based on local demand. 
3. End users pay-per-lease period rather than owning a product. 
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4. Delivery and maintenance are taken care of. 
5. Partner entrepreneur is responsible for recycle and upgrade the parts. 

 
 

Group 4 
Solutions for rescuing operations in earthquake zones 
 
Initial ideas: 
 
PSS Design: 

1. Choose the function (comitee chooses from company) website 
 

PSS Business implementation: 
2. Manufacturers are built locally. It can reduce delivery distances  
3. Localisation: Use local manufacturing; Use local materials; To save logistic costs 

 
PSS Distribution: 

4. Localised manufacturing simplifies distribution 
5. Use local delivery service to distribute and install sensors 

 
PSS Use: 

6. Provider orders customers’ 3D printers to print parts remotely without sharing digital 3D 
model files of those parts to the customer  

7. 3D printing for broken part 
8. Customers 3D print some of the parts of the products if they needed to be replaced or repair. 
9. Training and maintenance 
10. Monitor all of the sensors 
11. Customers choose and order broken parts online 

 
PSS End-of-life: 

12. Sensors indicate product end-of-life 
 
Final (presented) ideas: 
 

1. Product customisation are chosen by local committees. 
2. Products will be produced by local materials for some parts. 
3. The local manufacturers are responsible for delivery and installation of the products. 
4. After being trained by the provider (enterprise), local government will take care of maintenance 

including printing 3D parts for basic repair and replacement. 
 
 
Group 5 
Lighting solutions for pest control 
 
Initial ideas: 
 
PSS Design: 

1. Customer designs the outside part 
2. Sharing platform - DIY ideas, advices 
3. Service station prepare their demand 
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4. R&D center designs the core and outside parts 
5. Design data open 
6. Provide relevant product 
7. Open database / design 
8. Farmer make product in the makerspace 
9. Data design 
10. Custom made 
11. [some information missing] upgrade digital library 
12. Open [some information missing] to in situ 
13. Bespoke lease 

 
PSS Business implementation: 

14. Local partner. Station -> Demand -> PSS -> Factory 
15. Local partner. Reduce the process 

 
PSS Manufacturing: 

1. Customer make the outside part at home 
2. Local recycling station provides materials 
3. Local factory 
4. Product - custom made 
5. Waste utilisation 
6. Customers run manufacturing - data share 
7. Service maintenance 
8. Enables geographically  dispersed production 
9. Let local makerspace produce 
10. Reduce the type of material 
11. Reduce resource by AM 

 
PSS Distribution: 

12. Service station provides toolkits / advice for DIY 
13. Improved transportation 

 
PSS Use: 

14. Customer feedback, advice, complaints 
15. Service station provider 
16. Service station provides installing, maintaining 
17. A sensor on the product - feedback info to station 
18. Service intive customers 
19. Provide further help 
20. Share information, expertise 
21. Sensor the product after-selling 

 
PSS End-of-life 

22. Get core-part to the station (harmful) 
23. Renew the old to new [lighting product] 
24. Localised recycling. Lighting and wood 

 
Final (presented) ideas: 
 

1. Station design the external part 
2. Sharing platform (ideas, videos) 

(DESIGN – Customer manufactures products/components – Company does not share data) 
3. Station design the external part 

(DESIGN – Customer designs PSS offerings – Company does not share data) 
4. R&D center design the core and external part 

(DESIGN – Customer only uses PSS offerings – Company does not share data) 
5. Local partner 
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(BUSINESS IMPLEMENTATION – Customer only uses PSS offerings) 
6. Customer make the external part at home 
7. Local recycling station provide material 

(MATERIAL PRODUCTION AND MANUFACTURING – Customer manufactures 
products/components) 

8. Local factory 
(MATERIAL PRODUCTION AND MANUFACTURING – Customer only uses PSS offerings) 

9. Service station provide toolkit and advice for handling 
(DISTRIBUTION – Customer only uses PSS offerings – Company does not share data) 

10. Customers feedback, complaints, advice 
11. A sensor on the product feedback info 

(USE – Customer monitors PSS offerings) 
12. Service station provide installing, maintaining 

(USE – Customer only uses PSS offerings) 
13. Get core part back to the station 

(END-OF-LIFE – Customer only uses PSS offerings) 
 
Characteristic: 
Localisation of manufacturing units and resources; 
Enabling physical and digital technology. 
 
Benefits: 
Flexible for the company to produce according to the market and customer; 
Less transportation cost; 
Information sharing. 
Limitations: 
Some customers need to make the product themselves.  
 
 
Group 6 
Solutions for farmers 
 
Initial ideas: 
 
PSS Design: 

1. Some rule 
2. The alarm of the security system (or checking) Using sensors 
3. Adjust slat angle to solar panel 
4. Products focus on maintenance, repair and remanufacturing 
5. Material bamboo 
6. Sensor check condition of battery (battery loss) 

 
PSS Business implementation: 

7. Local agent instead of employee 
8. Cooperate with bamboo processing plant (local) 

 
PSS Manufacturing: 

9. Provider offers drawing 
10. 3D printing broken components 
11. Sensors to develop new products 
12. Bamboo processing plant nearby 

 
PSS Distribution: 

13. Local bamboo processing plant 
14. Bamboo weaving home-made 
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PSS Use 
15. Popularise and science popularisation 

 
Final (presented) ideas: 
 
ELECTRICITY POLE MADE OF BAMBOO: 
(Customer manufactures products/components – Company shares drawings with local farmers) 
Most farmers in South China can make an easy bamboo ware. We offer drawing to local agent and 
farmer so they can make electricity pole using local bamboo suited for local environment by themselves 
easily.  
 
BAMBOO LANTERN: 
(Customer manufactures products/components – Company shares data with local entrepreneur) 
Data of plastic components of the bamboo lantern are open to use by agent, they can repair broken 
components by 3D printing. 
 
EASY HOUSE: 
(Customer only uses PSS offerings – Company shares data with local bamboo processing plant) 
Bamboo plywood can be made by local bamboo processing plant, using local bamboo and reducing 
distance of transportation.  
 
 
Group 7 
Solutions for people living in Shanxi caves 
 
Initial ideas: 
 
PSS Design: 

1. Customer designs PSS offering (the light-culture 
2. Customer chooses from PSS offering (music or movies) 
3. Offer best solutions for solar panels of end user 

 
Business implementation: 

4. Distributed Manufacturing will give a chance for companies to get integrated into bigger value 
chains and develop networks 

 
PSS Manufacturing: 

5. Company shares data with local manufacturing facilities 
6. Providers choose local makerspace. Provide quick service to customers (van) 
7. Application of AM will enable use of less material and less waste at the point of manufacturing 
8. Modularisation 

 
PSS Distribution: 

9. Culturally rich products manufactured in the villages and sold in the cities to promote 
development 

10. End user make product (local product). Local city sells the product. 
 
PSS Use: 

11. Skills maintain. 
12. Local entrepreneur provides information about product availability and advices 
13. The van (movie...) sensors provide information how to safe use the product 
14. Culture and knowledge sharing 
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15. We will educate users how to maintain / repair solar panels 
 
Final (presented) ideas: 
 

1. Customers choose services (Movie/Music/Workshop…) from the Van. 
(Customer monitors PSS offerings – Company does not share data) 

2. Use local resources and manufacturers to remodel recycled vans. 
(Customer only uses PSS offerings – Company shares data with other manufacturing facilities) 

3. PSS Provider provides users with solar panels daily maintenance manual. 
(Customer only uses PSS offerings – Company shares data with customers) 

4. Culturally rich products made by the users will be sold to the city to improve the Van. 
(Customer manufactures products/components – Company does not share data) 

 
SUMMARY: 

1. Services customised by and for the user. 
2. Maintenance of the solar grid 
3. Second hand van adapted to provide the service 

 
 
Group 8 
Solutions for well-being of Chinese people 
 
Initial ideas: 
 
PSS Design: 

1. Doing a market research without paying it; Idea of trends (also according to countries of 
geographical locations 

2. Emotional bond binds products; The product can be overpriced - emotional bond 
3. Our business model includes different levels of satisfaction which create a long-term 

relationship with a client 
 
PSS Business implementation: 

4. Impact more audience; Reliable product in situations of stress 
 
PSS Manufacturing: 

5. Less logistics; More efficient system to get to the final user 
6. Do not over produce; Increase consumption; Less employees to supervise manufacturing 
7. Reduces initial costs; Fixed costs (rent); Reach more people in different areas 
8. Faster production; More flexible regarding production 
9. 3D enables complicated shapes, less material usage 

 
PSS Use: 

10. To monitor each activity; Monitor accuracy; Share data with friends and family 
11. Prevent damage of product; Info about product condition 
12. Real-time product activity of development. Real-time activity of how sensor is working 

 
PSS End-of-life: 

13. Accurate and reliable info of usage / condition; Keep the customer by changing product / 
piece 

14. We can get product back; Easier to customers; Well localised recycling facilities 
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Final (presented) ideas 
 

1. Passive attitude towards our system [customer involvement]. 
2. Design process can be active (bespoke service). 
3. Client mainly chooses from PSS offerings. 
4. Company shares data with other manufacturing facilities. 
5. “Use” and “End-of-life” cycles the company does not share data. 

 
 
Group 9 
Lighting solutions for people living in underground Beijing 
 
Initial ideas: 
 
PSS Design: 

1. We might allow customer to design to out-looking for the equipment in the future 
2. Feedbacks from customer monitor offerings can be used for upgrading the equipment 
3. Offer personalised equipment LEASE 
4. Scales and functions are flexible. In the future we might allow our customers to “design” by 

themselves 
5. Some functions which are not that important could be designed by customers 
6. Sensors will be applied to customers products to show energy consumption and life cycle 

costs 
 

PSS Business implementation: 
7. Equipment and stations could be purchased 

 
PSS Manufacturing: 

8. Products can be designed by customers, part of the functions 
9. In the future after the business implementation, could provide a system, design partnership 

for bike companies 
10. Upgrade the equipment by data which come from the sensors on bikes 
11. The equipment can be easily taken apart, reused and remanufactured 

 
PSS Distribution: 

12. Low carbon emission by localised manufacturing 
 
PSS Use: 

13. Customers could see the consumption and collection of the energy from bikes and sheds 
14. Customers may choose to upgrade their cycle install equipment 
15. Upgrade the equipment by data which come from the sensors on bikes 
16. Electric quantity - bikes and stations. Location – stations. Service data. Working life. Vacant 

seat for parking 
 
PSS End-of-life: 

17. Sensors monitor the equipment status and notice the company when it broken 
18. Equipment can be recycled for renew and upgrade and stuff 

 
Final (presented) ideas: 
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1. MANUFACTURING: 
1.1 Targeting the difference between the manufacturing process in OFO and Mobiles’ add-on 

device for electricity generation; 
1.2 Data download by local factories prior to manufacturing process. 

 
2. REPAIR AND RECYCLING: 
2.1 Broken bicycle parked at the residential areas will send you; 
2.2 Parking shed sends out signal to the Repairmen center; 
2.3 Maintenance worker arrives to parking shed to fix bicycles and take away bicycles unable to 

be repaired; 
2.4 The broken parts will be taken off and replaced at the local factories. 

 
 
Group 10 
Solutions for improved education in Chinese schools 
 
Initial ideas: 
 
PSS Design: 

1. PSS-designs: equipment; structure; courses > Platform for product feedback, customers 
share designs 

2. Students learn skills in makerspaces > Experiment with technology and plants > Develop new 
PSS / Co-Design 

3. Building structure offerings (Framework) Modules (plants equipment, toys, furniture). Courses 
4. Luxe-Dome > public space > rent for events. Customers provide personalised plant pots 
5. Sensors in: Plant pots; Water recycling; Solar panels. Monitor PSS > Data send to platform > 

maintenance / research 
6. Bone - Microcell structure - 3D/4D printing. Lightweight manufacturing 
7. 3D print joints and use of bamboo; 3D print mold of joint 

 
PSS Business implementation: 

8. Local licensed manufacture partners 
9. Combination of structure, modules and courses that are bespoke for long-term lease, but can 

be disassembled 
10. Locally-based (businesses) students/entrepreneur build structure or/and manage projects 

 
PSS Manufacturing: 

11. Students built from provided blueprints 
12. Makerspace provides courses > e.g. learn how to grow plants 
13. Plants grow into dome structure (Genetically modified) 
14. Additive Manufacturing: plant pots; structural joints; equipment; toys; replacements 
15. Local manufacture partners > Blueprints sent digitally 
16. Sensors in building + plants > monitor usage 
17. Additive Manufacturing simplified components; joints > structure; plant pots… 

 
PSS Distribution: 

18. Localised distribution > bicycle delivery / e-scooter 
 
PSS Use: 
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19. Online platform for maintenance > e.g. repair instructions; replacement files 
20. Customers have access to sensor information > state/health of plants > interaction/education. 

QR code on each plant 
 
PSS End-of-life: 

21. Sensors indicate end-of-life > water filter; plant-life; solar panel > efficiency; leaks in pipes 
22. Recycling of obsolete e products >solar panels used in customers’ homes > compost plant 

pots 
23. Structure becomes free standing > e.g. to grow wine grapes 
24. Local compost station 

 
 
Final (presented) ideas: 
 
Platform sharing company and customer offerings of structure blueprints, equipment options, and 
course content. The content is available to licensed local manufacturing partners. The customers can 
receive remote assistance and maintenance instructions. 
 
Monitoring sensors in plant pots, water system, solar panels and in structure, which send feedback to 
the company and indicate end-of-life of products. 
 
The company assesses state of structure and equipment and manages the recycling and disposal. 
Customers can view a simple monitoring of the plants and energy usage of their system. 
 
3D PRINTING NOW: 
by local manufacture partner: pots, structure and pipe joints, equipment, toilets, toys. 
 
3D PRINTING TOMORROW: 
technical parts, solar cells, sensors 
 
Local distribution with sustainable transport (bikes with trailers). 
Elements designed for End-of-life management and organic materials are composted. 
 
BACK-OFFICE: 
Blueprints – via Open Source platform 
Construction – Co-design &manufacturing 
Maintenance – PSS inspections & repairs 
End-of-life – Disassembly by students / recycling by PSS 
FRONT-DESK: 
Makerspace – Learn technology 
Plant monitoring – App displays plant sensors data via QR codes to students 
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2. Companies and design agencies from Brazil 
(the second version of the toolkit applied) 
 
1. Food production and distribution company (6 groups)

 
 
2. Hydraulic systems manufacturing company (2 groups)
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3. Industrial cleaning equipment manufacturing company (3 groups)

 
 
4. Vehicle manufacturing company (4 groups) 
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5. Design agencies working on bespoke design solutions (4 groups) 
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APPENDIX V: 
The final version of the DM applied to PSS design toolkit 
 
Near-future scenario cards 
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The introductory card and scenario cards’ selection diagrams 
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Idea generation diagram 
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APPENDIX VI: 
The toolkit’s use guidelines 
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5. PRINTING GUIDELINES

Size: A5.
2 cards per single A4 sheet. Actual size.
Print on both sides, flip on long edge.
Cut along the dashed line.
Use a slide binder for binding your cards. 

Size: A4.
Actual size.
Print on one side.

Size: A1.
Actual size.
Print on one side.

Size: A4.
Actual size.
Print on one side.

Size: A3.
Actual size.
Print on one side.

Near-future scenario cards Introductory card Scenario cards’ selection diagram 1

Scenario cards’ selection diagrams 2 and 3 Idea generation diagram
Place your ideas IDEA GENERATION DIAGRAM 

PSS DESIGN MATERIAL PRODUCTION and 
MANUFACTURING FOR PSS PSS USE PSS END-of-LIFE

Design of PSS products and services Manufacturing of PSS products and/or their components PSS product monitoring, maintenance, repair, upgrade PSS product collection, recycling, reuse

11
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APPENDIX VII: 
Ethical approvals 
 
1. Semi-structured expert interviews 
 

 
 
 
2. Workshop with design students at Tsinghua University 
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3. Structured expert interviews 
 

 
 
 
4. Workshops with companies and design agencies 
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5. Workshop with PSS design students at The Federal University of Parana 
 

 
 
 
6. Workshop with postgraduate design students at Brunel University 
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