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Populärvetenskaplig sammanfattning 

Nyckelord: Tillverkningssystem; Produktionssystem; Design; Utveckling; 
Beslutsstöd; Hållbarhet; Värde 

Utformandet av nya tillverkningssystem och fabriker är ett komplext arbete med 
många intressenter. I grund och botten är det en värdekedja som är i fokus, dvs 
tillverkningen av en lönsam produkt. Denna värdekedja styr utvecklingsprojekten 
och kraven som ställs på tillverkningssystemet kretsar runt kostnad, 
produktkvalitet och önskad tillverkningsvolym. Dessa krav fokuserar på den 
betalande kunden, vilket kan vara företagets viktigaste intressent. Utöver den 
betalande kunden finns det dock många andra intressenter som inte beaktas i 
någon större utsträckning vid kravställandet av nya tillverkningssystem. Enskilda 
goda exempel går att finna där exempelvis storskalig tillverkning av en produkt 
till lägsta kostnad inte är det primära målet. Fokus ligger i stället på andra 
värdekedjor som skapar mervärde för nya intressenter till tillverkningssystemet. 

Denna forskning har i avsikt att utforska vilka intressenter som finns till ett 
tillverkningssystem, och vilket mervärde som det går att leverera till dessa. Frågor 
som ställs är vilka externa intressenter som finns, vilka interna intressenter som 
finns, vilket mervärde kan tillverkningssystemet leverera till dessa och hur kan 
man beakta dessa i utvecklingsprojekten av nya tillverkningssystem? En mer 
utforskande samhällsvetenskaplig metod har använts, där inspiration tagits från 
etnografiska och kvalitativa metoder. De nio åren som doktorandprojektet pågått 
har en långvarig, djup datainsamling och analys möjliggjorts. 

Forskningen har resulterat i ett teoretiskt ramverk runt ett mer holistiskt synsätt 
på tillverkningssystemets värdekedjor. Den betalande kundens värdekedja 
kvarstår som primär, men kompletterats med nya externa och interna intressenter. 
Enskilda goda exempel har identifierats i olika industrier som används för att 
exemplifiera applicerbarheten i praktiken. Forskningen adresserar även 
utmaningar i att förändra dagens arbetssätt. Den starka kulturen på kundfokus 
samt beslutsprocesser som är ekonomiskt dominerande, är två aspekter som 
befäster dagens arbetssätt. Med ett mer strategiskt fokus, inkluderande 
kravställning samt ledningens öppenhet för en bredare beslutsgrund, skapas 
förutsättningar att utforma tillverkningssystem som skapar större mervärde för 
flera. 
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Abstract 

Title: Challenging the traditional manufacturing objectives: 
Designing manufacturing systems for both product 
manufacturing and value production 

Keywords: Manufacturing system; Design; Development; Decision making; 
Sustainability; Value  

ISBN: 978-91-89325-21-0 (Printed version) 
 978-91-89325-20-3 (Electronic version) 

The design of new manufacturing systems is a complex process involving many 
stakeholders. The production of a profitable product is the value chain that steers 
the development projects, and requirements are specified around cost, product 
quality and the desired production volume. These requirements focus on the 
paying customer. In addition to the customer, there are, however, many other 
stakeholders who are not considered to any great extent. Individual good 
examples can be found where the large-scale production at the lowest cost is not 
the primary goal. Instead, the focus is on other value chains that create added 
value for new stakeholders related to the manufacturing system. 

This research intends to explore the stakeholders of a manufacturing system and 
the added value that can be delivered to them. There is a focus on understanding 
the current practices for manufacturing system development, how requirements 
are specified and how decisions are made. An explorative social science approach 
was applied, where inspiration was taken from ethnographic and qualitative 
methods. Nine years of (interrupted) industrial PhD studies have enabled a long-
term and deep data collection and analysis. 

The research resulted in a theoretical framework built around a more holistic 
approach to the value chains of the manufacturing system. The paying customer’s 
value chain remains primary but has been supplemented with new secondary 
external and internal stakeholders, and related value chains. Individual good 
examples have been identified in the industry that are used to exemplify the 
applicability of the theoretical framework in practice. The research also addresses 
challenges in changing today’s way of working. A strong culture of customer focus 
and financially dominant decision-making processes are two aspects that 
consolidate today's way of working. With a more strategic focus, including holistic 
requirements and the management’s openness to a broader decision basis, the 
conditions are created for designing manufacturing systems that contribute with 
greater added value for more stakeholders.  
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xiii 

Terminology 

In this chapter some of the commonly used terms will be clarified for this work. 

Production vs. Manufacturing: Generally and fundamentally, the author of this 
dissertation considers production to be a wider concept than manufacturing. 
Production can include industries such as media and film, chemical, food, wood, 
paper, education (knowledge production) and literally anything that creates 
something of value. Manufacturing, on the other hand, is geared more towards 
the transformation of physical raw material into products of some sort. 

Manufacturing industry: An industry that produces goods rather than services [1]. 

Production system: The overall system in which products are made, defined by 
Hubka and Eder as the Transformation System [2]. The production system 
includes human systems, technical systems, an active environment and a 
transformation process. 

Production organisation: The human system within the transformation system, i.e. 
people working with the production system. 

Manufacturing system: The technical system within the transformation system, i.e. 
machines and equipment in the production system. Such equipment is bought 
through the manufacturing system development process frequently referred to in 
this work. 

Manufacturing system development process: In some companies, this is known as the 
investment process or machine acquisition process. This process includes all 
steps, from the identification of requirements to commissioned equipment that 
satisfies the requirements. The scope of the process can be a single machine to 
building a complete factory. 

Investment: Used in this work often as synonym to manufacturing system 
development, even though the word itself is not limited to this particular act [1].  

Value: ‘Value’ is a very broad word that means different things to different 
individuals. In this work, there are no specific limits to the word. It includes both 
intangible and tangible value. The only requirement is that it is of positive worth 
and contributes something meaningful to someone receiving the value. Only the 
receiver/customer/stakeholder can determine if it is of value. 
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1 Introduction 

Manufacturing industries is important and contribute to the welfare, prosperity 
and economic growth of countries. In Europe alone, manufacturing directly 
employs over 28 million people at around 2 million companies [3]. Each 
manufacturing job also contributes to indirect employment. A study in the U.S. 
found that the multiplier factor was estimated to be between five and over seven 
[4]. This would result in the total number of people employed through the 
manufacturing industry in Europe being between 140–200 million. Perhaps 
because there are so many manufacturing companies in the world, it is also a 
highly competitive environment. Attracting both customers and competence is 
crucial for becoming a market leader and maintaining a competitive position. To 
maintain this competitive position in an increasingly global, challenging landscape, 
manufacturing must continuously develop and improve. Manufacturing 
development has been researched for over 100 years. Perhaps two of the most 
recognised historical manufacturing researchers are Frederick Winslow Taylor 
and Henry Ford. Taylor was responsible for The Principles of Scientific Management, 
and Ford is said to have invented the concept of mass production with his 
model T production line [5]–[7]. Today, the concept of focusing on product 
quality and standardised large production volumes to achieve an economy of scale 
is still the main goal during development. Manufacturing priorities on (1) cost, 
(2) quality and (3) volume is the backbone of any production management 
literature [8]–[10]. 

Although the foundation of manufacturing system development is the same as it 
was 100 years ago, several different industrial revolutions have been introduced. 
Before Henry Ford was born, the first revolution was defined by the 
mechanisation of weaving loom machines and steam power. Thereafter, with 
Henry Ford came mass production and assembly lines with the power of 
electricity. The third industrial revolution was related to the development of 
computers and electronics and allowed for the automation of manufacturing 
processes. Finally, the fourth industrial revolution, also known as Industry 4.0, is 
the one we are currently experiencing. It is driven by connectivity, leading to 
concepts like cyber physical systems and the internet of things (IoT). Industry 4.0, 
demographic and social changes, the shifting of world economic power and the 
sustainability movement are commonly recognised megatrends that all have a 
major impact on most industries. Complete industrial transformation is underway 
rather than the incremental changes seen historically. The automotive industry is 
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rapidly shifting to electrification, both through customer pull and company 
technology push. Overall, energy systems are slowly shifting from fossil fuels, 
such as coal and oil, to harnessing renewable energy in wind, water and solar 
power. However, it is not only these large global systems that are undergoing 
transformation. Within companies, internal practices and cultures also need to 
change to meet these new challenges. The previously dominant aspects of profit 
and cost need to make room for environmental and social aspects to achieve 
sustainable development. For many years, this has been known as the triple 
bottom line, which was popularised by the Brundtland report ‘Our common 
future’ [11]. Sustainable development within companies is something many 
stakeholders expect of company leaders today. Customers want to buy sustainable 
products made by sustainable factories, and students looking for jobs want to 
work for responsible organisations. Furthermore, the COVID-19 pandemic has 
also challenged the status quo and accelerated modern remote office work. 
Typical white-collar employees are, to a greater extent, expected to be able to 
work from home, adding new requirements to the digitalisation journey. All in all, 
to address these new challenges and satisfy all manufacturing stakeholders, the 
current manufacturing objectives, focusing on the paying customer and 
profitability, are clearly not inclusive enough. 

Looking closer within companies, good examples of novel, inclusive 
manufacturing systems can be found. During development projects, many aspects 
are considered. Apart from the traditional customer-focused operational aspects 
such as cost, quality and volume, there is also a focus on health, safety and 
environment (HS&E). Many aspects related to HS&E are legislated by law, which 
could explain why it is considered already. However, there are also other good 
examples that can be identified that are not motivated by legislation. For example, 
many companies offer factory visits to both customers and the general public. 
Additionally, good university courses are incorporated with local companies to 
expose students to real-life industrial challenges. There are cross-functional value 
chains and projects where collaboration across departmental boards is necessary. 
These examples are neither legislated nor contribute directly to the traditional 
objectives of cost, quality and volume but are still enabled by the manufacturing 
system. There is rarely a financially motivated decision behind these investments; 
they just seem to be reasonable things to do for long-term success. 

Who is really ‘the customer’ of the future manufacturing system? The word 
‘customer’ can be interpreted as referring to the one that, at the end of the day, is 
buying the company’s products and services, creating a revenue stream. However, 
there are other important stakeholders in the larger system that are equally 
important to consider for the whole system to function. Apart from the paying 
customer, who are the true stakeholders that the manufacturing system can and 
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should create value for? Who are other internal stakeholders that can benefit from 
an inclusive manufacturing system that can result in greater business value? In 
what way can the manufacturing system contribute value to these stakeholders? 
Furthermore, who external to the company is also affected by the way the 
factories are designed? What value can the surrounding society obtain from a 
nearby manufacturing operation? 

During the initiation of this PhD project, several research gaps were identified, 
resulting in three research questions that are outlined in the next section. 

1.1 Research questions 

The intention of this work is to study the cross-functional and holistic value 
chains that production organisations and manufacturing systems already are, or 
can become, part of. Current manufacturing system development practices are 
studied to understand how a more holistic and inclusive value approach can be 
incorporated. 

To investigate this broad area, the following three sub-questions have been 
formulated and investigated: 

RQ1: How can manufacturing contribute additional value outside the 
company? 

RQ2: How can manufacturing contribute additional value inside the 
company? 

RQ3: How can these additional value contributions be incorporated into 
manufacturing practices? 

Answering these questions are important to be able to develop a more inclusive 
and sustainable production system, that can address the current industrial 
challenges. 
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1.2 Scope and limitations 

As an industrial PhD student, there is always the benefit of being able to penetrate 
deep into companies’ practices to find information and build knowledge that is 
quite unique compared to that found by a purely academic researcher. However, 
the downside is that the results might be limited to this context and to the 
particular industry that is studied. This work and the data collection involved have 
mainly focused on the heavy automotive industry and the company Scania CV in 
Sweden. There are, however, interviews and case studies that stretch outside the 
boundaries of Scania. Individuals from the forestry, automotive and bearing 
manufacturing industries have also been interviewed to improve the wider 
applicability of the results. 

Looking at industrial companies, there are different core business functions for 
the product realisation and delivery process—for example, product design and 
development, purchasing, manufacturing, marketing and sales. Some would 
define a manufacturing system as comprising all of this, but in this dissertation, 
the studies are limited and focus on the manufacturing function that produces the 
product. The research studies focus on the manufacturing system development 
process and how development projects are conducted at the company. This is a 
quite comprehensive process that can be scaled depending on the scope of the 
development project objectives. The main focus lies within the first few stages, 
where the project scope, objectives and requirements are determined and decided. 
More about the manufacturing system development process can be found in 
Chapter 2.3.1, ‘Manufacturing system development at Scania‘. 

One last but important limitation that needs mentioning is that every data and 
knowledge that an industrial PhD student can obtains cannot be published. There 
are specific corporate sensitive data, and in this work mainly relating to financial 
data and manufacturing system performance. There were also some sensitive 
findings regarding employee behaviour, attitude and opinions that were revealed 
during the interviews, which have not been considered appropriate to publish. 
The intention with this research has not been to highlight individuals’ behaviour 
or opinions, but to develop a generic novel theoretical framework supported by 
examples and relevant analysis. 
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1.3 Dissertation outline 

 

The dissertation is divided into the following chapters: 

Chapter 2 introduces the reader to the industrial context and reality from which 
this work originates. It introduces the Swedish industrial landscape, the company 
Scania and the driving forces and trends seen between 2013 and 2022. 

Chapter 3 comprises the theoretical frame of reference, which is mostly centred 
around manufacturing systems, investments, decision theory and some 
fundamental financial models. 

Chapter 4 outlines the research method, how the data have been collected and 
what type of data have been collected. 

Chapter 5 summarises the results and analysis based on the appended publications 
as well as new, previously unpublished results. 

Chapter 6 discusses the results, how they stand against current theories, strengths 
and weaknesses and suggestions for further research. 

Chapter 7 presents the overall conclusions, which are structured around the initial 
research questions. 

 

WHAT IS THIS BOX? During all these years of studying how 
manufacturing systems are designed and developed, how the process looks 
and how people behave, there have been many interesting meetings. 
Meetings with experienced people with years in the manufacturing industry, 
that all have knowledge that is difficult to fully comprehend and capture. 

A few anecdotes and stories from these meetings have been captured in this 
scientific dissertation as less scientific coloured story boxes like this one. 
These stories create context and hopefully give the reader a deeper insight 
into this PhD journey and an understanding of the industrial world of 
manufacturing. 

The anecdotes are completely based on real events and meetings. However, 
as with all stories, they might not be a precise representation of what 
happened. They are instead written for the purpose of creating good stories. 
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2 Industrial context 

 

To fully understand and perhaps appreciate the research presented in this 
dissertation, it is important to understand the context from which it originates. 
This is also important as the method partially involves ethnographic characteristic, 
where the context is an important part of the analytical process (more about the 
research method in Chapter 4, ‘Research method’). This chapter will, therefore, 
present important current trends and shed light on the industrial setting in Sweden 
and at Scania CV, the company at which most studies were conducted. 

2.1 The manufacturing industry in Sweden 

The manufacturing industry and company environments look different in 
different parts of the world, with unique aspects based on location. To give the 
reader a better contextual understanding, this chapter will briefly describe some 
aspects of the environment from which this dissertation originates, i.e. Swedish 
industry. This will perhaps be of extra value for readers from other parts of the 
world with different cultural backgrounds. 

I came out from a meeting with a senior manager at industrial control, one 
of the departments that looks at the money more than what matters the 
most. At least that was what I thought. It was early in my studies, so I was 
not so organised yet, and my data collection was questionable. I was just 
exploring, trying to find a direction. It had been an interesting conversation, 
where it became clear that the ‘financial departments’ and ‘manufacturing 
function’ have very different focuses and completely different objectives. 

“What you do with lean manufacturing is probably good, but doesn’t greatly affect the 
financial figures. You need to focus on the operating cost and improve the profit margin 

to make a difference on the bottom line!” 

This comment really hit a nerve with me, but it might very well have been 
his own personal opinion. Either way, why do we care so much for such 
different things when working at the same company and both probably 
trying our best? The truth must lie somewhere in between. 
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Historically, Swedish industry had a slow start, and it was not until the end of the 
19th century and throughout the 20th century that it started to be significant for 
Swedish welfare. It has since shaped the landscape, how cities are built and how 
Swedish people think and organise themselves [12]. The ‘Swedish model’ implies 
inclusive growth and good relationships between employers and employees; these 
are some elements that are fundamental for dialogue, negotiation and sustainable 
development in Swedish industry [13]. In Sweden, people are often expected to 
be members of a trade union, and this is even encouraged by many employers. 
This is reflected in the statistics gathered from across the world, as Sweden is at 
the top of the list of countries in terms of union density [14]. At the same time, 
Sweden is also the country with the fewest strike conflicts [15]. This social aspect 
is just one element that highlights Sweden’s focus on and respect for individuals’ 
rights and well-being. From a corporate point of view, people are some of the 
most valuable assets. People and their competences from all parts of the company 
are commonly part of continuous developments and improvements, and 
decisions are often made through discussions and consensus [16]. Industrial 
managers from other parts of the world who visited Scania have been puzzled, 
asking how this employee energy and participation is possible without direct 
financial incitements like bonus systems. 

The social aspect is also part of the sustainability framework. To look further back 
in history, the term sustainability was a counter-reaction to the economic 
development that had a dominant position since the Second World War and 
caused increasing pressure on the environment and social inequality [11]. When 
writing about sustainability, credit must be given to the Brundtland Commission 
and its 1987 report, ‘Our common future’ [11]. However, the first time 
‘sustainable development’ was used in this context was in 1972 during the United 
Nations Conference on the Human Environment, also known as the Stockholm 
Conference [17]. Nevertheless, it was not until the Brundtland report that it 
gained a strong foothold and widespread acknowledgement. Sustainable 
development consists of the three pillars of (1) economic growth, (2) 
environmental protection and (3) social equality, where all three aspects need to 
be considered and balanced to achieve development that does not jeopardise the 
needs of future generations [18]. In 2015, the United Nations General Assembly 
set the 17 Sustainable Development Goals (SDGs) as part of the 2030 Agenda 
for Sustainable Development [19]. These goals are an urgent call for action in a 
global partnership by both developed and developing countries. 
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2.2 Driving forces and trends 

In any industry, there are always some trends and driving forces at play that 
influence the research topics of the time. Therefore, it can be of interest to get a 
brief overview of what these were at the time of this dissertation. 

At about the time when the research for this dissertation started, the German 
government was discussing the future of the manufacturing industry. The term 
‘Industrie 4.0’ was coined and publicly introduced in 2011 at the Hannover Fair. 
Since then, hardly any industrial company can have missed the focus on the fourth 
industrial revolution and the digitalisation of the manufacturing industry. Industry 
4.0, the shifting of balance in the world economic power from west to east, 
demographic challenges, and the sustainability movement are all commonly 
recognised as current megatrends that have a major impact on most industries. 
The automotive industry is no exception, and there has been a strong focus on 
digitalisation but also electrification. Tesla is one of the companies that initially 
were leading the way within the heavy commercial vehicle industry, when they 
presented their heavy truck ‘Semi’ in 2017. Around the same time, the Swedish 
company Northvolt was founded by a previous executive from Tesla, and Scania 
became an investor and partner in developing the batteries necessary for the 
electrification journey ahead. Furthermore, in 2022, Northvolt, together with 
Volvo Cars, announced a new battery factory in Torslanda, outside Gothenburg. 
Related to electrification is the topic of sustainable development, and 
electrification is one step towards a cleaner and safer world. Scania is one of the 
first heavy vehicle manufacturers to have committed to setting a science-based 
carbon emission reduction target, and over the last few years, the internal focus 
on sustainability has increased significantly [20], [21]. In fact, Scania has changed 
its corporate purpose to drive this shift and has a vision to become the leader of 
sustainable transport systems. 

2.3 Scania CV 

The research behind this dissertation is mainly based on studies at the company 
Scania CV, as the author is employed at this company as an industrial PhD 
student. Scania is a large Swedish manufacturer of transport solutions, such as 
heavy trucks and heavy buses, but they also make stand-alone engines. The 
company was founded in 1911 but has roots even earlier in Swedish industrial 
history. It has a classically oriented organisational structure, with functional 
departments aligned with product design, development, realisation and the 
delivery process. Scania has been since 2014 part of the Volkswagen group, which 
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2.2 Driving forces and trends 
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At about the time when the research for this dissertation started, the German 
government was discussing the future of the manufacturing industry. The term 
‘Industrie 4.0’ was coined and publicly introduced in 2011 at the Hannover Fair. 
Since then, hardly any industrial company can have missed the focus on the fourth 
industrial revolution and the digitalisation of the manufacturing industry. Industry 
4.0, the shifting of balance in the world economic power from west to east, 
demographic challenges, and the sustainability movement are all commonly 
recognised as current megatrends that have a major impact on most industries. 
The automotive industry is no exception, and there has been a strong focus on 
digitalisation but also electrification. Tesla is one of the companies that initially 
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Related to electrification is the topic of sustainable development, and 
electrification is one step towards a cleaner and safer world. Scania is one of the 
first heavy vehicle manufacturers to have committed to setting a science-based 
carbon emission reduction target, and over the last few years, the internal focus 
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is now under the subsidiary Traton SE. Together with other global commercial 
vehicle manufacturers, such as MAN, Navistar and Volkswagen Caminhões e 
Ônibus, Traton SE is now one of the world's leading commercial vehicle provider. 
Scania has approximately 50,000 employees with sales and service organisations 
in more than 100 countries, and in 2020 a turnover of 125 billion Swedish krona 
(SEK) [20]. Scania’s head office is located in Södertälje, Sweden, along with 
Scania’s research and development department, core manufacturing activities and 
the central purchasing department. Scania is considered one of the top Swedish 
companies in the manufacturing industry, with the Scania Production System 
(SPS) acting as a role model for many companies worldwide [16]. 

2.3.1 Manufacturing system development at Scania 

This dissertation is, to a great extent, focused on the manufacturing system 
development process at Scania, also known as the production equipment 
investment process (PEIP). At Scania, as well as at other companies studied, a 
development process is executed when acquiring large manufacturing systems 
(see Figure 1). The development process consists of different stages (or phases) 
that already in the 1980s have been described as a linear stage-gate process [22], 
[23]. 

 
Figure 1. The manufacturing system development process at the studied company, 
Scania. 

The manufacturing system development process used at Scania originates from a 
company initiative during the 1990s that looked at merging the project 
management process with the technical activities related to new manufacturing 
systems. This resulted in the PEIP process with the stages (1) initiation, (2) pre-
study, (3) project start-up and requirement specification, (4) quotation work, (5) 
tendering, (6) projecting, (7) pre-delivery test, (8) installation and takeover, (9) 
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project conclusion and finally (10) warranty follow-up. The titles of these stages 
are perhaps unique to Scania, but looking at other companies and the literature, 
strong similarities are found. Each stage has a primary objective to be achieved 
before continuing to the next stage. However, there are also several activities that 
stretch across different stages. 

Within the development project organisation, participants serve many different 
functions with different sets of skills. Generally, the project manager comes from 
the manufacturing engineering department. However, at Scania, the industrial 
maintenance department also plays an active and important technical role with its 
deep understanding of manufacturing systems. Other important participating 
functions are purchasing, operations, health, safety & environment (HS&E), 
logistics, finance and automation & IT. The exact titles of these skills/areas of 
responsibility differ from one company to another, but overall, they all have a 
production-related responsibility. In addition, there will also be a steering group 
overseeing the progress and being responsible for key decisions. However, large 
investments in manufacturing systems that tie up a lot of capital will be financially 
controlled by the company executive board and the parent company owners. 

The 1. initiation stage establishes the conditions and prerequisites for the project. 
The purpose of the project is defined, which is typically categorised as cost 
rationalisation, required improvements in quality, health, safety and environment 
(HS&E) or new product introduction. At the end of the stage, an assignment 
directive will be issued to the project leader. 

A 2. pre-study will be done on large development projects to start understanding 
the timing, consequences and to obtain an organisational buy-in with the required 
resources secured. Finances are also estimated, and initial investment plans are 
submitted to secure internal funding. At the end of this stage, a project definition 
will be written outlining the whole project, including aspects such as the 
background, objectives, scope, organisation, finance and risks. 

3. Project start-up and requirement specification consist of more direct development 
activities rather than preparation and planning, as in previous stages. Functional 
requirements are captured and documented, and potential suppliers are identified. 
The stage concludes with a request for quotation (RFQ) being sent to the 
identified suppliers. 

4. Quotation work consists of reviewing the received quotes and, if necessary, 
further developing the technical requirements and updating the requirement 
specifications. The quotes are reviewed in relation to technical aspects of the 
proposed solution. This stage concludes with a short list of suppliers being 
brought to final negotiations during the tendering stage. 
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5. Tendering is mainly a commercial stage in which the purchasing organisation is 
the main actor. The final commercial details are discussed, negotiations are held, 
and the stage normally concludes with an order. 

6. Projecting is the stage at which the ordered technical system is realised by the 
supplier at the supplier’s facility. The main activity of the project team is to follow 
up on the supplier’s progress, mitigate arising risks and prepare for the delivery 
of the manufacturing system. For existing factories, this includes, among other 
things, preparing the machine foundation, ensuring that the relevant media system 
is appropriately sized, communication and training of personnel. 

The 7. pre-delivery test is carried out at the supplier of the manufacturing system to 
ensure that as many flaws and issues as possible are identified while the system is 
still at the supplier. Functional tests and health and safety assessments are 
conducted. Several functions from the receiving organisation with the relevant 
skill set participate—for example, operations, maintenance, manufacturing 
engineering and health and safety—to ensure that as many aspects as possible are 
assessed while the manufacturing system is still at the supplier. 

8. Installation and takeover of the technical system is performed in a similar way as 
in the previous stage, but it will now be carried out at the factory where it will 
operate. Functional tests, health and safety assessments and other checks are 
performed again to ensure that the system functions as intended. This also 
includes completing the training of the individuals at the related organisation, for 
example, operators, maintenance staff, logistics staff and supporting engineers. 

9. Project closure is a stage in which all relevant documentation is archived, but the 
performance of the manufacturing system is also continuously monitored to 
ensure that it keeps performing over a longer period. All requirements from the 
initial project assignment are checked and followed up on, and lesson learned logs 
are updated to ensure organisational learning. 

10. Warranty follow-up is an activity performed before the end of the warranty 
period to ensure that all issues are corrected or financially compensated for. It not 
only covers mechanical issues but also ensures that the investment fulfils the 
functional requirements, such as capacity, cycle times and quality. 

From an existing manufacturing system perspective (brown field) there is a 
constant change taking place. There is a continuous flow of new projects being 
initiated, as well as ongoing projects being finalised with new equipment being 
installed. This continuous process revolving the manufacturing system has been 
visualised in Figure 2. Each of the above stages are included in the figure within 
square brackets. The main development is located in the circle as capitalised text, 
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initiated as an idea from the existing manufacturing system until a realised 
technical system is ready to be commissioned. At the centre of the development 
is the project management, surrounded by the financial process connecting the 
different stages. 

 
Figure 2. The manufacturing system development process visualised as a cyclic 
process, including key components and process steps. The process starts at the top, 
in the existing manufacturing system. 
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3 Frame of reference 

This dissertation revolves around the manufacturing system development 
process, and the frame of reference will therefore also be positioned around this 
process. See Figure 3 for a visual orientation. 

In Chapter 3.1, some fundamental lean and process theories will be introduced, 
and the concept of value will be described in relation to these theories. 

Chapter 3.2 focuses on generic system theories, the definition of the 
manufacturing system and what a customer is. 

Chapter 3.3 will address the related development process revolving around 
manufacturing systems. 

Chapter 3.4 highlights the economic aspect, as cost plays an important role in the 
motivation of development projects, is dominant in decision structures and is 
used as an operational performance indicator. 

 
Figure 3. Visual clarification of the focus areas of the study as well as the frame of 
reference. 
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3.1 Toyota production systems, process 
orientation and value 

In the 1950s, Toyota developed its renowned production system, known as the 
Toyota Production System (TPS). Toyota’s success inspired many other 
companies to develop their own version of the TPS based on the lean philosophy. 
The TPS and lean are focused on continuous improvements and removing non-
value-adding activities from processes [24]. According to Womack et al. [25], the 
lean principles are as follows: 

Value Act on what is important to the customer of 
the process. 

Value stream Understand which steps in the process add 
value and which do not. 

Flow Keep the work moving at all times and 
eliminate waste that creates delay. 

Pull Avoid making products for customer demand 
you do not have. 

Strive for 
perfection 

There is no optimum level of performance. 
Just continuously pursue improvements. 

 

With the increasing popularity of lean thinking, there has been an increasing 
awareness about value creation, improving quality and becoming more efficient 
in companies. The concept of continuous improvement, also known as Kaizen, 
is said to be the key to Japan’s competitive success [26]. A prerequisite for lean 
improvement activities is the process and flow perspective. Processes and the 
company’s ability to continuously improve them determine the success and failure 
of the whole company. This is also advocated by the ISO 9001 Quality 
Management System standard [27]–[29]. Graphical process maps assist in 
understanding the processes they represent, and it is necessary to identify areas of 
improvement [29], [30]. Even though, in lean philosophy, the focus when 
mapping the process should be on the customer value flow, there is still a 
tendency in companies to map their processes with a resource focus. According 
to Rosemann [31], one key issue at companies in general is the lack of qualified 
process modelers. The challenge of achieving a process orientation can also stem 
from the strong resource orientation that still exists [32]. According to Modig and 
Åhlström [33], to achieve efficiency in both the use of resources and efficient 
value flow, the initial focus needs to be on the value flow. Once the value flow 
has increased, the company can begin focusing on resource efficiency. 
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A process can be defined as a recurring series of activities and decisions that are 
involved in achieving a certain objective or goal [34]. As such, a process can be 
anything, from something as simple as making breakfast to a large, complex 
industrial process such as product design and development. Processes are usually 
represented graphically, which leads to ease and simplicity of communication [2]. 
The simplicity of graphical and visual models can also assist in the cognitive 
functions of the brain. For example, in cognitive science, there is classical research 
suggesting that the working memory capacity is around seven bits, give or take 
[35]. This could be used as guidance for how to construct process maps. Various 
techniques can be used to create a process model. Flowcharts and the annotations 
within the international standards IDEF0, IDEF3, etc. are just a few examples, 
each of which has its own pros and cons [36]. The choice of technique used shall 
be based on the purpose of the modelling and what is to be captured and 
communicated. In its most basic form, a process representation often includes a 
supplier, an input, an output and a customer of the process, also known as a 
SIPOC process diagram, as seen in Figure 4 (Supplier—Input—Process—
Output—Customer). 

 
Figure 4. Generic SIPOC process representation. 

One other method commonly used by lean is value stream mapping (VSM). The 
prerequisite for this method is that the expected process objective is defined, i.e. 
the demand from the customer. The process objective is important for 
determining which of the process activities contribute value to this objective. For 
example, in manufacturing, this method is used to map all activities necessary for 
realising a product with respect to both material and information flow. Thereafter, 
value-adding and non-value-adding activities can be identified to eliminate waste 
[37]. Whichever technique and approach is used when modelling, it is important 
that the people who carry out the process are active and participate in the process 
modelling activity [31]. In Japanese business culture, the word ‘Gemba’ is used 
and is as important as ‘Kaizen’ to understand the process [38]. Gemba means 
something like ‘the place where things happen’, and it is here where the 
information for process modelling can be found [39]. In the manufacturing 
context, the value flow is often the product being made and the end customer is 
the one receiving this product. 
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Organising a company according to a process orientation indicates creating a 
positive impact on quality, lead-time and customer satisfaction [40]. The most 
widely used standard today that deals with process orientation is the ISO 9001 
Quality Management System [41]. Even though many companies today are ISO 
9001 certified, with a clear process orientation as a requirement, these companies 
are still often functionally organised. To overcome some of the challenges with 
this functional orientation, additional temporary cross-functional teams and 
projects are introduced, rather than the whole company structure being 
completely reengineered. The organisational structure can also influence how 
decisions can be made, as managers have responsibility for people rather than 
process delivery. However, these forms of organisational challenges and 
downfalls have been covered extensively since the emergence of business process 
orientation (BPO) [42]. BPO was introduced by Porter in 1985 and further 
developed by Deming, although many other authors have contributed to the 
framework that exists today [43]–[46]. 

3.2 The manufacturing system and its customer 

The words production and manufacturing are often used within similar contexts and 
are considered synonyms [9]. Manufacturing systems are also defined in different 
ways by different authors. According to Hubka and Eder, a manufacturing system 
is classified as a transformation system, including the elements humans, active 
environment, technical system and the transformation process (see Figure 5) [47]. 

 
Figure 5. The production system seen as a transformation system. Figure based on 
Hubka and Eder [32]. 



FRAME OF REFERENCE 

18 

Organising a company according to a process orientation indicates creating a 
positive impact on quality, lead-time and customer satisfaction [40]. The most 
widely used standard today that deals with process orientation is the ISO 9001 
Quality Management System [41]. Even though many companies today are ISO 
9001 certified, with a clear process orientation as a requirement, these companies 
are still often functionally organised. To overcome some of the challenges with 
this functional orientation, additional temporary cross-functional teams and 
projects are introduced, rather than the whole company structure being 
completely reengineered. The organisational structure can also influence how 
decisions can be made, as managers have responsibility for people rather than 
process delivery. However, these forms of organisational challenges and 
downfalls have been covered extensively since the emergence of business process 
orientation (BPO) [42]. BPO was introduced by Porter in 1985 and further 
developed by Deming, although many other authors have contributed to the 
framework that exists today [43]–[46]. 

3.2 The manufacturing system and its customer 

The words production and manufacturing are often used within similar contexts and 
are considered synonyms [9]. Manufacturing systems are also defined in different 
ways by different authors. According to Hubka and Eder, a manufacturing system 
is classified as a transformation system, including the elements humans, active 
environment, technical system and the transformation process (see Figure 5) [47]. 

 
Figure 5. The production system seen as a transformation system. Figure based on 
Hubka and Eder [32]. 

FRAME OF REFERENCE 

19 

Cochran et al. include the whole manufacturing enterprise, including all required 
functions, activities, processes and resources required to produce the product 
[48]. A key part of product realisation is manufacturing processes. However, 
according to Womack and Jones, the processes within a manufacturing system 
are not only about the transformation of physical material but also include 
processes such as problem solving and information management [28]. In this 
dissertation, the term ‘manufacturing system’ is also defined like Hubka and 
Eder’s transformation system and does not refer to other business functions, such as 
the design, sales and marketing of the product. 

The transformation process element in a manufacturing system can be seen as a 
traditional SIPOC process diagram (Supplier—Input—Process—Output—
Customer) (see Figure 4) [49]. A supplier would typically provide raw materials and 
parts, acting as input to the process. This would traditionally be provided through 
the purchasing function. The output of the manufacturing process is a product that 
is sold to a customer, generating value for the company through sales and revenue. 
However, determining who the customers of the process are is related to which 
school of quality is used to define ‘the customer’. In certain definitions the term 
‘customer’ can be perceived as difficult and hard to grasp [50]. The customer is 
sometimes defined and perceived as the paying entity in the business relationship 
between the ‘company’ and ‘customer’ [50]. According to the Oxford English 
Dictionary, for example, there is a clear business relationship linked to the word 
‘customer’ [51]. Additionally, looking at the production strategies literature, the 
three traditional production objectives of (1) quality, (2) delivery and (3) cost are 
all also strongly related to the paying customer [8], [9], [52]. The end customer 
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of ‘customer’. ‘Stakeholder’ is a wider term that includes anyone with an interest 
or concern in something [54]. 

An important internal stakeholder in a manufacturing system could be the design 
engineers of a product. They have requirements on matters such as product 
integrity but also flexibility to be able to develop the products. Furthermore, apart 
from the paying customer, there are also less obvious external stakeholders to 
consider. For example, the politicians in a society might have a significant interest 
in the environmental impact that the manufacturing system will have, which is 
often regulated through legislation. They will also be interested in the employment 
of people and the tax revenue from the company’s profit. An inclusive 
manufacturing system can also have a positive effect on the local educational 
system, for example, through supporting student projects, thesis work and study 
visits. 

3.3 Manufacturing system development 

The intention with manufacturing system development is to increase 
competitiveness by introducing novel processes, technologies and products [55]. 
The manufacturing system development process can also be seen as following the 
traditional SIPOC process diagram (Supplier—Input—Process—Output—
Customer) presented in the previous chapter and Figure 4 [49]. The supplier to the 
manufacturing system development process could be a manufacturing machine 
building company or an integrator combining machines into a complete 
manufacturing system. Physical machining material and documents containing 
requirements can be considered the input. Through the development process, a 
complete manufacturing system comes out as an output, which will be delivered 
and commissioned to the customer, i.e. the factory at the company buying the 
system.  

When a complex system is being designed, many aspects require consideration. 
The intended system functions must be fulfilled, while other unintentional 
harmful effects are limited. Some aspects are regulated by law and are commonly 
related to health, safety and the environment (HS&E). Identified at the industry 
during manufacturing system development, the operational targets have an 
important influence of the requirements, such as cost, capacity, quality and 
flexibility [56]. However, within the academic literature, different authors have 
different focus areas for evaluating manufacturing systems [8], [57]–[59]. One 
reason for this is that different types of industries have been studied in which 
different challenges dominate [56]. High-volume manufacturing will often focus 
on the Toyota-inspired flow system, which requires a reliable and predictable 
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system, whereas low-volume and high-value manufacturing will be more inclined 
to look at the product’s integrity through quality assurance and part handling to 
avoid damaging the products [60]. During the manufacturing system 
development, this all boils down to several decisions being made that will narrow 
down the solution space for the final system. Due to the number of aspects that 
require consideration as well as the significant organisation involved, this decision 
process can be considered a complex process [57]. Additionally, these decisions 
can either be structured or unstructured, or a combination of approaches can be 
used for a single decision [61]–[63]. One challenge that manufacturing system 
development faces is that the traditional functional organisation is strong [8]. 
Each function has its individual strategies and goals that aim at improving their 
specific value chain. For the whole company to become more competitive by 
utilising the manufacturing system strategically to its full capability, more than 
simplified models and departmental financial aspects need to be considered 
during development projects [64]. 

To aid in these complex decisions, several different support tools can be used. 
These tools have been developed over a long period of time, but the term 
‘decision support’ has its roots back in the early 1970s and the management 
information system (MIS) [65]. The different decision support models found in 
academia have different scopes. Some more comprehensive multi-attribute 
support models take into consideration many different aspects and yield a single 
weighted optimal solution [56], [66], [67]. Other models are more specific to a 
certain aspect, for example, the environment, economy, technology or innovation. 
When it comes to the economy, financially oriented decisions have been studied 
since at least the 18th century [68]. Since the growth and increasing popularity of 
financial evaluation, more and more of the other aspects are being valued in 
financial terms for the possibility of including them in financial models. Many 
cost models have been developed on both the micro level, looking at the details 
of what drives the cost, and on a macro level, which covers more of the system 
level. Kaplan and Anderson [69] developed a macro-level framework for 
allocating costs in relation to time to improve the traditional ‘ABC method’ [70]. 
Ståhl [71] has developed a cost-per-part model that, to a large extent, also uses 
time as a cost driver but includes other aspects, such as material cost. This model 
has also been further developed by Jönsson et al. [72]. 

Ultimately, manufacturing system development decisions are based on financial 
models and bottom-line operational performance is measured in financial terms. 
However, many researchers and practitioners have for quite some time tried to 
develop more comprehensive evaluation methods, both for evaluating ongoing 
operations and as a decision support tool for manufacturing system development. 
One reason for developing new methods is that the existing financial models are 
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not good enough, as they offer a short-term view and do not cover all aspects of 
importance. However, the identified evaluation methods and decision support 
tools mainly focus on the existing manufacturing objectives as a measure for 
success. 

3.4 Economy and financial performance 

As the economy plays such a big part in the decision structure of manufacturing 
system development, some key aspects will be outlined. Manufacturing 
companies are capital-intensive industries in comparison to shoestring operations 
with little tied-up capital, such as software development. Large and long-term 
investments result in fixed assets such as property, plants and equipment, which 
are key figures in companies’ balance sheets [73]. Because these financial figures 
are used by analysts to evaluate companies’ performance, there is an expectation 
that the right investment decisions are being made that give good financial results. 
Analysts and investors use different methodologies and models to evaluate 
company performance based on historical data and predictions. Return on 
investment (ROI), return on equity (ROE), return on capital employed (ROCE), 
payback (PB), net present value (NPV) and internal rate of return (IRR) are just a 
few of the common terminologies used [74]–[77]. There are some differences 
between the common financial models, and all highlight different areas of interest. 
However, as they all are financial models, they are to a large degree fundamentally 
the same, with similar elements, i.e. cost, revenue and tied up capital. 

To better understand the influence these models have it is necessary to break 
them down, and the ROI model has been chosen to exemplify this. The 
background of the ROI model dates back to the early 1900s, and it represents the 
classical financial model for evaluating investment performance [78]. The 
company DuPont de Nemours & Company developed the ROI model with the 
intention of analysing the profitability of the different decentralised parts of the 
company using traditional financial performance figures [78]. A classical 
representation of the model comes from Davis (see Figure 6). 

The ROI is a product of two ratios: investment turnover and earnings as a percentage 
of sales. The reason for this is that both the effects of turnover and earnings as a 
percentage of sales can be traced and monitored separately. The result is that sales 
(comprising volume and price) will occur in both branches of the model. In addition, 
to better understand the source of the ROI score, Davis broke down the model 
further into more detailed parts. Earnings and sales can be found in the company’s 
income statement. Furthermore, investment turnover derives from sales divided by 
total investment, which can be found on the balance sheet and shows how efficient 

FRAME OF REFERENCE 

23 

the investment is in generating sales. The model has been broken down into even 
more specific details, which allows a more detailed analysis to be conducted. It is, 
for example, possible to see where changes occur but also where improvements 
can be made to increase the ROI score. 

 
Figure 6. Representation of the ROI equation inspired by T.C. Davis [5]. 

As the input to the model is typically taken from a financial report that is on a 
periodic basis, the performance will be an average value over that period. A more 
detailed analysis of the ROI model can be found in the previously published and 
related licentiate thesis ‘Money talks while volume and value should run the show: 
An evaluation of financial parameters for decision making during manufacturing 
system acquisition’ [79]. 

Davis describes the ROI concisely as follows [78]: 

‘...the ultimate measure of the financial success of an established business...’. 

Although Davis considered his model to be the ultimate measure of financial 
success, the issues with using financial evaluation models only are well recognised 
today. Hill expresses the concern that excessive use of ROI would undermine 
long-term strategy, as the focus for investments is inclined to be short-term 
payback [8]. Demmel and Askin state that it oversimplifies investment decisions 
and shows an inability to include less tangible benefits, such as flexibility, 
knowledge and a shorter lead time [80]. Dornan also suggests that it is difficult to 
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accurately value important aspects such as flexibility, quality, customer service and 
other synergy effects [81]. Early entry to the market, perceived market leadership, 
the possibility of offering customised products, etc. are other often mentioned 
aspects that are difficult to translate into direct cash flow [82], [83]. Another issue 
is that financial methods assume a static environment for the option of not doing 
anything [80]. This is also what Canada and Sullivan put forward as part of their 
three pitfalls in the use of traditional economic decision models [84]. They further 
explain that if these advanced manufacturing technology investments are 
compared with the status quo, companies are neglecting to see the costs 
associated with the risks but also the opportunities of these decisions. The other 
two pitfalls that Canada and Sullivan bring forward are, first, that for high capital-
intensive investments with moderate to high risks, high hurdle rates are applied 
with a short expectancy of return on investment [84]. Second, the benefit analyses 
are also insufficient, which is consistent with what previously mentioned authors 
have said. Ordoobadi and Mulvaney also conclude that these advanced 
manufacturing system investments create a greater system-wide benefit, but one 
which managers, accountants and other decision makers often are not even aware 
of [85]. Most of the aforementioned deficiencies revolve around the limitations 
of the model and how it only includes financially tangible aspects. However, 
another aspect and purpose of a decision situation is that the model is expected 
to predict the future, often based on assumptions and historical data. According 
to Christensen et al., it can be rather difficult to do this by determining trends and 
making predictions [86]. Such approaches can work well under the circumstance 
that future conditions resemble the conditions of the past. Nevertheless, many 
aspects influence the future, for example, technological innovations, 
governmental interference, pandemics and individual decisions of influential 
companies and people. This makes it unlikely that the future will resemble the 
present or the past to an appropriate extent for the financial evaluation to be valid. 
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4 Research method 

As this research consists of studying and interpreting the behaviours of people 
within the social context of the manufacturing industry, inspiration has been 
found in the social sciences. The research and data collection conducted have 
been explorative and interpretative in nature, and interpretivist ethnographic methods 
have been the guiding approach [87]. An industrial PhD student employed by the 
company that will be studied offers a unique opportunity for organisational, 
ethnographic and participative observation. Data are more readily available to 
someone within the company. Additionally, the student’s presence in the 
organisation makes it easier to know where to look for the data and determine 
what interesting topic to further investigate. There will also be a greater contextual 
understanding aiding the analytical work. In addition, the studies were conducted 
part-time over almost nine years. During some periods the focus resided on 
company assignments, private obligations or reduced working hours due to 
COVID-19. Nevertheless, this prolonged time became a strength as it allowed for 
the overall comprehension of the manufacturing system development process to 
mature. Initial thoughts and conclusions could be re-evaluated with new insights 
and data being collected. It also allowed for a deeper data collection and an 
analytical work that could be reiterated many years later.  

The data itself have guided the research process and the subsequent data 
collection. Therefore, the qualitative approach in Grounded Theory by Strauss and 
Corbin [88] has also been inspirational. One reason for this is that it allows for 
progressive theory development, which can evolve as more data are collected and 
analysed. It is also appropriate to use the grounded theory method to gain new 
insights into old problems, which was felt necessary to further develop the 
traditional manufacturing system requirements around cost, quality and volume. 
Turner [89] suggests that grounded theory is well suited to qualitative data 
gathered from participation observation, face-to-face interaction, semi- or 
unstructured interviews and case studies. These approaches work very well for an 
industrial PhD student located at a company, in this case within the production 
organisation. Martin and Turner [90] also suggest that a qualitative research 
approach using grounded theory is not intended to identify the ‘one truth’ but to 
emphasise the usefulness of the developed theory. In the industrial context, this 
has seemed important for making the research flexible and agile in relation to 
company needs. 
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The analytical aspect of the methodology is, to a large degree, a constant comparative 
method (CCM) [88]. As the concepts and categories of the theory were developed, 
a constant comparison was made against new data. The results and previous 
conclusions have been continuously questioned to seek contradictory (negative) 
explanations and theories. This has also been of great importance in challenging 
the author’s preconceived ideas gained from previous industrial experience and in 
testing the rigidity of the developed theory. 

4.1 Means of data collection 

The data have been obtained through three main means: (1) interviews and daily 
presence within the industry, (2) participation in the maintenance group of the 
manufacturing system development process, the ‘Process Development Group’ 
and (3) case studies of two manufacturing system development projects (see 
Figure 7). These three aspects will be further detailed below. 

 
Figure 7. Three main means of data collection going into this PhD dissertation. 

4.1.1 Interviews and daily presence within the industry 

Being an industrial PhD student enables close integration between academia and 
companies. The student can gain deep insight into and understanding of the 
companies’ challenges and unique access to information and experienced people 
throughout their PhD studies. Furthermore, the individual her/himself through 
an industrial background, can create other possibilities compared to purely 
academic PhD students. The author of this dissertation has, at the time of 
finalising this dissertation, over 15 years of working in industry. This has 
contributed to both a practical and theoretical understanding of manufacturing 
system development and has been useful for data collection, reflection and 
analyses. 
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Due to the industrial position of the author, there have been many opportunities 
to interview and have general discussions with people who have extensive 
experience. Most of these interviews were conducted at the company where the 
author is employed, but some were held within other industrial companies. Some 
were semi-structured and recorded in audio, while others were unstructured and 
less formal. This was mainly to make the interviewees more comfortable and 
open, but the intention and purpose of the interview were always transparent and 
clear for the interviewee. In addition, the people interviewed stretch across many 
different company functions. There are traceable records of about 35 hours of 
these meetings throughout the PhD study period. However, there are many 
additional unrecorded shorter meetings that took place during the daily company 
assignments, but also during less formal situations like at lunch or during a coffee 
break, many of which have also contributed to the author’s knowledge 
development. 

Another strength of being an industrial PhD student is the access to documents, 
archival records and other information. Much focus has been spent on 
understanding the process of manufacturing system development and other 
related processes. Templates, guides, training material, process models and other 
relevant documents have been thoroughly read and analysed, mainly with respect 
to manufacturing system requirements and decision structures. In addition, as the 
initial studies focused closely on manufacturing costs and key process indicators 
(KPI), manufacturing performance measurement data were analysed and related 
to how manufacturing systems are developed. More details concerning these 
studies can be found in Paper C, ‘Consideration of market demand volatility risks, 
when making manufacturing system investments’, Paper D, ‘Production support 
model to manage market demand volatility risks’, and Paper E, ‘Sustainable 
operations management through development of unit cost performance 
measurement’, as well as the related licentiate thesis ‘Money talks while volume 
and value should run the show: An evaluation of financial parameters for decision 
making during manufacturing system acquisition’ [79]. 

During the whole PhD process notetaking has been very important method for 
data retention. Notes were made both in relation to meetings and interviews, but 
also generally as new insights were made. These notes have been used to 
continuously build understanding and create concepts and structures for the 
theory being developed. As the author is more visually literate, the notes and 
interview recordings were often coded into visual representations relating to 
manufacturing systems and the development process. This process brought 
structure and meaning to the data and aided in the analytical work and making it 
easier to communicate with the industrial/academic supervisors and other 
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Being an industrial PhD student enables close integration between academia and 
companies. The student can gain deep insight into and understanding of the 
companies’ challenges and unique access to information and experienced people 
throughout their PhD studies. Furthermore, the individual her/himself through 
an industrial background, can create other possibilities compared to purely 
academic PhD students. The author of this dissertation has, at the time of 
finalising this dissertation, over 15 years of working in industry. This has 
contributed to both a practical and theoretical understanding of manufacturing 
system development and has been useful for data collection, reflection and 
analyses. 
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Due to the industrial position of the author, there have been many opportunities 
to interview and have general discussions with people who have extensive 
experience. Most of these interviews were conducted at the company where the 
author is employed, but some were held within other industrial companies. Some 
were semi-structured and recorded in audio, while others were unstructured and 
less formal. This was mainly to make the interviewees more comfortable and 
open, but the intention and purpose of the interview were always transparent and 
clear for the interviewee. In addition, the people interviewed stretch across many 
different company functions. There are traceable records of about 35 hours of 
these meetings throughout the PhD study period. However, there are many 
additional unrecorded shorter meetings that took place during the daily company 
assignments, but also during less formal situations like at lunch or during a coffee 
break, many of which have also contributed to the author’s knowledge 
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related processes. Templates, guides, training material, process models and other 
relevant documents have been thoroughly read and analysed, mainly with respect 
to manufacturing system requirements and decision structures. In addition, as the 
initial studies focused closely on manufacturing costs and key process indicators 
(KPI), manufacturing performance measurement data were analysed and related 
to how manufacturing systems are developed. More details concerning these 
studies can be found in Paper C, ‘Consideration of market demand volatility risks, 
when making manufacturing system investments’, Paper D, ‘Production support 
model to manage market demand volatility risks’, and Paper E, ‘Sustainable 
operations management through development of unit cost performance 
measurement’, as well as the related licentiate thesis ‘Money talks while volume 
and value should run the show: An evaluation of financial parameters for decision 
making during manufacturing system acquisition’ [79]. 

During the whole PhD process notetaking has been very important method for 
data retention. Notes were made both in relation to meetings and interviews, but 
also generally as new insights were made. These notes have been used to 
continuously build understanding and create concepts and structures for the 
theory being developed. As the author is more visually literate, the notes and 
interview recordings were often coded into visual representations relating to 
manufacturing systems and the development process. This process brought 
structure and meaning to the data and aided in the analytical work and making it 
easier to communicate with the industrial/academic supervisors and other 
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stakeholders involved. These visualisations were continuously updated and 
revised and became the foundation of the results of this dissertation. 

4.1.1.1 Participation in workshops 
The author’s presence at the company have also contributed to participation in, 
or organisation of, different workshops related to manufacturing system 
development. Three of these workshops stand out as particularly relevant to this 
dissertation: (1) sustainable decisions workshops, (2) a sustainable purchasing 
workshop and (3) value-oriented process modelling workshops, also referred to 
as the ‘breakfast process’. Sustainability has often been the focus, as it comes with 
new requirements on investments that do not always relate to the traditional ones 
(cost, quality and volume). The insight and understanding gained around 
sustainability are applicable to other non-traditional requirements as well. 

The sustainable decisions workshops were related to the initial management go/no-go 
decision for large manufacturing system development projects (see stage 2 in the 
process presented in Chapter 2.3.1, ‘Manufacturing system development at 
Scania’). It was recognised by the company top management that the current 
decision process, with its strict profitability requirements, prevented longer-term 
sustainability-related aspects. This initiative was a company-wide cross-functional 
project put together by top management representative with the ambition to 
understand and improve this decision point to become more balanced. The work 
included two workshop occasions, each lasting 1.5 hours. In addition, preparation 
and post-meeting work added up to about 15 hours of work. The work 
contributed to a deep understanding of the management’s position and 
considerations, the decision process and how to include further aspects beyond 
the purely financial. 

The sustainable purchasing workshop had as its purpose to investigate the final 
decision point before placing the order for the manufacturing system (see stage 5 
in the process presented in Chapter 2.3.1, ‘Manufacturing system development at 
Scania’). At this decision point, different quotes from system builders are 
compared and final negotiations and supplier nomination take place. The 
manufacturing system development process steers the decision towards an 
investment option that fulfils the requirements and has the lowest cost. 
Participants in the workshop included a sustainability expert and individuals from 
the manufacturing engineering, manufacturing maintenance and manufacturing 
system purchasing departments. The focus of the workshop was sustainability 
requirements, but the discussions and results also apply to other types of 
requirements. The workshop was a four-hour session, and preparation and post-
meeting work added up to about 20 hours. This work contributed to a deeper 
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understanding of how to ensure that novel requirements can be added to 
development projects and emphasised the importance of organisational learning. 

Value-oriented process modelling workshop, also known as the ‘breakfast process’, 
focused on how the manufacturing system development process is created and 
visually represented. The purpose of the workshop was to determine the influence 
of the process models if the participants were given some basic process and value 
training. Furthermore, the bottom-line purpose was to see how the differences in 
the process models could influence the continuous development and 
improvement of the process. The workshop consisted of four separate sessions 
of one hour each. In addition, the preparation and post-meeting work added up 
to about 16 hours. An in-depth method description can be found in the appended 
publication, Paper B, ‘Process mapping in industry – the self-centred 
phenomenon and how it effects continuous improvements’. 

These three workshops contributed greatly to this study by focusing insight on 
the constraints and shortcomings of the current working practices for 
manufacturing system development and how to address these challenges. 

4.1.1.2 Specific interviews around sustainability 
At the author’s company there were ongoing initiatives to strengthen the 
company’s sustainability focus. This provided a good opportunity to explore this 
aspect further. Four individuals with experience in sustainability were interviewed: 
(1) a manager for corporate governance of environment, safety and health, (2) a 
global production expert in sustainability, (3) a senior manager for the central 
maintenance department and (4) the programme manager for one of the ongoing 
sustainability initiatives. The interviews were each about one hour long, semi-
structured and open-ended, allowing the interviewee to talk freely about their 
experience and opinions around sustainability and the ongoing initiative. These 
interviews were recorded in audio. 

During the analyses of external stakeholders, external cooperation with 
universities was identified as an area of interest. Collaboration with universities is 
also something that is currently taking place within the manufacturing industry in 
the form of student course projects, master’s thesis projects, student study visits 
and research collaboration, to mention a few examples. However, the question is 
whether this aspect is considered during the manufacturing system development. 
To obtain a better understanding of the relationship between how the 
manufacturing system is designed and these forms of collaboration, three 
interviews were conducted with representatives from three different universities. 
The interviewees were teachers working for many years in academia who were 
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responsible for planning and executing courses, as well as researchers involved 
with industrial collaboration. The interviews were unstructured and open-ended 
to allow the interviewees to talk freely about their experiences and opinions about 
how their work was influenced by how the manufacturing system is design. These 
interviews were not recorded in audio, but post meeting notes were made by the 
author. 

4.1.2 Participation in the ‘process development group’ 

To obtain a deeper understanding of the manufacturing system development 
process and maintain good company integration, the author of this dissertation 
has been a member of the process development group. The process itself has a 
project manager perspective, guiding the process in all stages from the initial 
explorative stage until the end of the warranty period once the manufacturing 
system has been operational for a time. (See Figure 1 and Chapter 2.3.1, 
‘Manufacturing system development at Scania’, for a more in-depth detailing of 
the process.) 

The development group for the process was constructed with participants from 
across the company who were considered experienced in production 
development. During the process development group meetings, there are, for 
example, discussions of what challenges there are in development projects, how 
to improve the process, what to standardise across the company and what can be 
left to each individual department to decide. There is also more process-oriented 
work, for example, on how to communicate the process, what platform to use, 
which department is responsible for what information and how to control 
changes. 

The relevance to participate in the development group can be seen from several 
aspects. The author has been able to both be a passive observant of the 
discussions taking place and to actively participate in the discussions and 
improvement work of the process. This has created a much wider understanding 
of how production development is conducted across the whole company and 
what typical challenges it involves. It has also given the author an arena to 
communicate the latest research results and receive relevant feedback, as well as 
granting access to a network of people to continuously discuss the validity and 
relevance of the results. 

The development group has met quarterly, mostly for about four hours per 
occasion but sometimes for a whole day. Over the years, it is estimated that the 
author has participated in 128 hours of development group meetings and about 
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an equal amount of preparation and post-meeting work. This adds up to 256 
hours of development group work, contributing to a deeper understanding of the 
manufacturing system development process and a strong network and contact 
with industrial experts. 

4.1.3 Case studies—Development projects 

Part of the data collection has been completed through case studies of 
development projects. For this, Yin’s Case Study Research has been used to 
complement the research toolbox [91]. Though Yin has historically leaned 
towards a positivistic standpoint, the fifth edition of this work, used here, has 
been extensively edited to facilitate and enable post-positivistic and interpretivist 
social science studies [91]. 

Two related case studies were conducted, contributing data and understanding 
that ranged across the three research question categories. A general description 
of the case studies will be detailed here, while the specific parts of the studies will 
be further explained in subsequent chapters. One of the case studies focused on 
novel external value, while the other case study focused on novel internal value. In 
addition to these specific value-oriented objectives, a deeper understanding of the 
overall development process and project challenges was obtained. 

The selection criteria for the cases mainly focused on the identification of 
innovative projects with a wider and more holistic stakeholder view than normally 
seen, known as an outlier approach. Two large and comprehensive development 
projects were identified and selected. The case selection was also based on the 
availability of data, i.e. convenience. One case was an internal development 
project at the author’s company. The other case was also an internal development 
project, but at the company of another PhD student who was also part of 
organising the case studies. This collaboration made data from both companies 
available to both PhD students. 

The initial purpose of the case studies was exploratory in nature, investigating two 
novel development projects. Case studies are well suited to answering ‘how’ and 
‘why’ questions, and the questions to explore were why the development project 
was novel and how the novel aspect could be included in the development 
process. The strategy was to understand the manufacturing system development 
process from different perspectives in a triangulating fashion. Observations, 
interviews and archival analysis were combined to investigate the development 
process and determine how project goals were transformed into system 
requirements as well as which stakeholders had been considered. 
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The observations could mainly be conducted for the case study of external value. 
This was because this development project was the only one at a final stage and 
close to completion, with an operational manufacturing system that could be 
visited. This will be further described in section 4.1.3.1, ‘External Value’. 

In total, for both case studies, 17 semi-structured interviews were conducted with 
individuals involved in the development project. Each interview lasted about an 
hour and was recorded in audio. The individuals were selected based on their 
availability to participate and their position in the development project 
organisation to ensure that multiple aspects were covered from different parts of 
the organisation. A questionnaire with 18 questions categorised into four areas 
was used as a baseline for the interviews. The four main categories were (1) the 
background of the respondent, (2) a description of the project, (3) decisions in 
the project and (4) open questions and reflections about the secondary 
stakeholders and the role of the manufacturing systems at large industrial 
companies. Although there was a structured questionnaire, the respondents could 
speak freely about areas of their expertise in relation to the study. The 
respondents’ specific positions in the project organisation stretched from the 
steering group to the project manager to project members, all presenting different 
aspects of their project. The following paragraphs offer clarity and incentives for 
choosing these positions:  

Steering group: Each large development project has a steering group at the studied 
company, often with experienced senior members and department managers 
related to the project. They play a key role when it comes to larger and more 
strategic decisions. These individuals would normally have a broad understanding 
of the project effect targets and the company’s strategic objectives behind the 
project. 

Project manager: Each development project has one individual responsible for the 
overall project. For large projects, there would normally be several subproject 
managers, each responsible for different aspects. The individuals selected for this 
study was the main top project manager who has a very detailed insight. The 
project manager also has a very good understanding of the company’s 
development process. 

Project member: In large development projects, several individuals with different 
detailed competences are required, all constituting the project team. The 
interviewed project members’ competences stretch across different aspects, such 
as sales and marketing, finance and cost control, manufacturing engineering, 
factory design, material expertise and purchasing (manufacturing systems and raw 
material purchasing). 
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Table 1 shows a summary of the interviewed individuals’ competences for both 
cases: external value and internal value. For both cases there were representatives 
from all three main categories (steering group, project manager and project 
members). However, within the project member group, individuals with different 
competences were interviewed for each of the cases. The italic font details the 
competence within the project member group. The small italic ‘x’ specifies for 
which case the interview was conducted. 

Table 1. Summary of competences interviewed for both cases. 

 Case 
Internal value 

Case 
External value 

Steering group X X 

Project manager X X 

Project members X X 

Sales and marketing x  

Finance and cost control x x 

Manufacturing engineering x x 

Factory design x x 

Material expert x  

Purchasing x  
 

The final source of data comes from the development project records and 
documentation, which allowed for an extensive archival analysis. An extensive 
collection of documents was made available. In total, the project folders contained 
over 800,000 files. The focus of the study was on the initial stage of the 
development process, where the project is initiated and goals are broken down 
into system requirements. This brought down the file count to about 3,000 files. 
The main file selection was made around decision logs, organisational 
information, meeting protocols, informative presentations and system 
requirement specifications. Relevant and rich information was extracted, revealing 
past general project information, project team discussions, backgrounds to 
decisions, decisions, organisational details and which requirements were the 
foundations for the manufacturing system being developed. 
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4.1.3.1 External Value 
The primary objective of the specific case study project relating to external value 
was to build a new factory introducing a new generation of products, also known 
as a ‘green field’ project. The project was close to completion at the time of the 
case study, the factory was already operational and a guided tour was facilitated 
by the main project leader. One of the observed novel aspects of this new factory 
was that it is very visit-friendly, and this was also the main reason for selecting 
this project as a case. The motivations behind making it visit-friendly could be 
diverse, so the focus for this case study was to explore which stakeholders the 
project team had in mind when designing this accessible factory and how this was 
incorporated into the project goals as well as the system specification of 
requirements. Apart from the observation, data were collected through seven 
interviews and archival analysis, as previously described in Chapter 4.1.3, ‘Case 
studies—Development projects’. (See Figure 8 for the stakeholder and value 
chains overview.) 

 
Figure 8. The case’s value chains, with primary (green) and secondary (yellow) value 
chains providing value for customers and external organisations. 

4.1.3.2 Internal Value 
The primary objective of the specific case study project relating to internal value 
was to build a new factory introducing a product that was completely new to the 
company. The product was for a completely new market and customer base, as 
well as a different value proposition compared to the other products in their 
portfolio. Therefore, the project was divided into two distinct sub-projects, where 
the initial part focused on reducing risk and building competence through a low-
volume factory and the second part on building a large-volume factory. This 
additional and crucial focus on building internal competence and knowledge 
within several new areas was the reason for selecting this case. Both the low-
volume and high-volume projects have been included in the study, but the focus 
has been on the low-volume ‘competence building factory’. The primary end 
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stakeholder is still the paying customer, but the secondary stakeholders are the 
company’s internal departments, who want to use this smaller manufacturing 
system to develop and build competence in their respective areas. The data for 
this case study were collected through 10 interviews and archival analysis, as 
previously described in Chapter 4.1.3, ‘Case studies—Development projects’. (See 
Figure 9 for a case visualisation of the stakeholders and value chains overview.) 

 
Figure 9. The case’s value chains, with primary (green) and secondary (blue) value 
chains providing value for customers and other internal departments. 
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by the main project leader. One of the observed novel aspects of this new factory 
was that it is very visit-friendly, and this was also the main reason for selecting 
this project as a case. The motivations behind making it visit-friendly could be 
diverse, so the focus for this case study was to explore which stakeholders the 
project team had in mind when designing this accessible factory and how this was 
incorporated into the project goals as well as the system specification of 
requirements. Apart from the observation, data were collected through seven 
interviews and archival analysis, as previously described in Chapter 4.1.3, ‘Case 
studies—Development projects’. (See Figure 8 for the stakeholder and value 
chains overview.) 

 
Figure 8. The case’s value chains, with primary (green) and secondary (yellow) value 
chains providing value for customers and external organisations. 

4.1.3.2 Internal Value 
The primary objective of the specific case study project relating to internal value 
was to build a new factory introducing a product that was completely new to the 
company. The product was for a completely new market and customer base, as 
well as a different value proposition compared to the other products in their 
portfolio. Therefore, the project was divided into two distinct sub-projects, where 
the initial part focused on reducing risk and building competence through a low-
volume factory and the second part on building a large-volume factory. This 
additional and crucial focus on building internal competence and knowledge 
within several new areas was the reason for selecting this case. Both the low-
volume and high-volume projects have been included in the study, but the focus 
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stakeholder is still the paying customer, but the secondary stakeholders are the 
company’s internal departments, who want to use this smaller manufacturing 
system to develop and build competence in their respective areas. The data for 
this case study were collected through 10 interviews and archival analysis, as 
previously described in Chapter 4.1.3, ‘Case studies—Development projects’. (See 
Figure 9 for a case visualisation of the stakeholders and value chains overview.) 

 
Figure 9. The case’s value chains, with primary (green) and secondary (blue) value 
chains providing value for customers and other internal departments. 
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4.2 Research quality 

The quality and validity of interpretivist research cannot be judged in the same 
way as that of traditional positivistic research. The traditional positivistic criteria 
are internal validity, external validity, reliability and objectivity. The quality of the 
studies underlying this dissertation will instead be judged based on the criteria 
(1) trustworthiness through credibility, dependability, confirmability and transferability 
and (2) authenticity through fairness, ontological authenticity, educative authenticity, 
catalytic authenticity and tactical authenticity [92]–[94]. Trustworthiness refers to the 
method itself, originating from the traditional positivistic quality measure, while 
authenticity focuses on the research results. 

4.2.1 Trustworthiness 

To ensure the credibility of the research, different strategies have been applied. The 
author’s role as an industrial PhD student at the studied company has enabled 
some of these. To continuously be present within the environment being studied 
without any censorship makes it possible to have both prolonged engagement and 
persistent observation. In addition, the author’s studies started in 2013 and were 
completed almost nine years later in 2022, which contributed greatly to the 
prolonged engagement strategy. 

In terms of the credibility of the data from the conducted interviews, the author’s 
industrial position has also been considered a benefit. Many of the interviewed 
individuals had some professional relationship with the author, making it less 
likely that the interviewees would speak falsely or try to hide facts and 
information. In addition, the interviews have often been unstructured or semi-
structured, creating an open, friendly and positive atmosphere. 

Another strategy for credibility has been to use triangulation in different ways. 
Data from different sources have been collected to ensure that the same results 
and conclusions can be drawn but also to explore different perspectives. Finally, 
as the result of the research has evolved, it has frequently been presented and 
discussed with internal peers at the company and at external conferences and 
seminars. However, one big challenge is for an independent auditor to review the 
collected data, as little of the raw data has been published due to the possible 
company sensitivity of the data. This is, however, possible to facilitate under a 
controlled situation if required. Furthermore, as many interviews and 
observations are captured as diary notes, there is no possibility of going back in 
time and re-observing the situation again. The stability of the research results over 
time is related to dependability. 
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Dependability refers to the stability of the findings over time. Currently, there are 
several ongoing transformations within the automotive industry and many other 
manufacturing industries (e.g. electrification, digitalisation, sustainability). This 
can naturally influence the relevance of the research results as the context changes. 
To verify its dependability, the dissertation was written with a focus on 
transparency and context. The reader of this work should be given enough 
information to be able to independently assess its dependability. It has also been 
aggregated and conceptualised on a generic level to increase its stability over time. 

Confirmability has continuously been demonstrated intersubjectively through 
internal and external discussions about the research findings. The author has been 
integrated into the manufacturing system development process at the company, 
allowing for frequent discussions about the conclusions drawn. The author has 
also been well integrated into external competence networks, making it possible 
to discuss the topic and results with individuals outside the main company 
studied. Moreover, the supportive supervisor team (both industrial supervisors 
and academic supervisors) have had access to the data, rendering them able to 
independently assess the results and conclusions. 

The transferability of the results to other organisations is one aspect that can be 
more challenging with an industrial PhD student employed at a specific company. 
To improve transferability, the theory, models and terminology developed have 
been constructed as generic as possible and without unnecessary jargon. 
Additionally, the continuous review of the results by academic supervisors and 
through presentations at external events have also improved the generalisability. 
Another strategy applied has been to describe the context to a greater extent; this 
is called ‘thick description’. This makes it possible for others to judge how well 
the results are applicable in other situations. 

4.2.2 Authenticity 

The authenticity indicator refers to the outcome of the research rather than the 
method itself. The outcome has not been implemented to a great extent; hence, 
some of the authenticity criteria have yet to be confirmed. However, during the 
development of the new theory and manufacturing system development models, 
there has been ongoing participation of the author in different industrial 
development initiatives. This has assured the relevance of the results but also 
made it possible to put the theory into practice. 

In terms of fairness, different stakeholders and their respective input should be 
included in a fair and equal way, which has been a core part of this research. The 
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objective has always been to strive for stakeholder identification and to capture 
these voices. However, the proportion of stakeholders who participated might 
not have been as fair as desired. This is partially because the data collection has 
been dependent on stakeholder availability and opportunities that were presented. 
Nevertheless, this aspect has continuously been considered important, and any 
newly identified stakeholder has been pursued to achieve a greater understanding. 

Many individuals who have participated in the development of this theoretical 
framework of manufacturing system development have displayed thoughtfulness 
and enlightenment. The nature of the research has also been to challenge the 
traditional norm for manufacturing system development and has therefore been 
openly and transparently discussed. This has hopefully led to the ontological 
authenticity of the participants. Unfortunately, at the time of the discussions, this 
was not further captured and evaluated to a greater extent. 

Educative authenticity is also something that has yet to be properly evaluated. To 
some extent, this has been done during the different development initiatives at 
which the author was present. One purpose of participating in these initiatives 
has been to bring different stakeholder groups and viewpoints together to discuss 
their differences. This will contribute to educative authenticity, which has been shown 
in changes introduced into the manufacturing system development process. 

Catalytic authenticity refers to the degree of dissemination of the results and the 
willingness to this by different stakeholder groups to take responsibility for this. 
As an overall framework, this has yet to happen, as previously stated. However, 
looking at some individual aspects, this has already started. This is the case for the 
topic of sustainability, which is gaining traction at the company. Sustainability is 
not one of the traditional manufacturing system development criteria, even 
though it can, for example, positively contribute to lowered costs. Even though 
this research did not initiate the focus on sustainability, it falls very nicely within 
the developed framework that could accelerate the implementation. Additionally, 
the decision process has already undergone changes to facilitate non-traditional 
aspects (such as sustainability). Furthermore, the enlightenment achieved by 
different participants has also led to new ways of working to ensure that the 
manufacturing systems achieve greater business value. 

The same goes for tactical authenticity, which refers to the degree to which 
stakeholders are empowered to act. In terms of the development of the theoretical 
framework, all involved stakeholders have been encouraged to influence the 
work. In terms of acting in accordance with the new model, there are still 
challenges ahead to introducing the results. 
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5 Results and analysis 

 

The different studies and underlying data used to answer the research questions 
consist of both previously published and unpublished material. The related data 
and previously published papers will be specified at the beginning of each chapter. 
Although there are previously published papers, there will be new data and 
analyses related to these publications, added within these chapters. 

The results are grouped into three main areas, as visualised in Figure 10. Each 
group relates to one of the research questions previously specified in Chapter 1.1, 
‘Research questions’. For each research question, new sub-questions were raised, 
as can be seen in Figure 10. The colours are used to visually clarify the different 
areas: (1) external value (yellow), (2) internal value (blue) and (3) how to change 
current practices (green).  

After finally completing a thorough make-or-buy analysis for a pre-assembly 
station, we decided to buy this work from an external supplier. It was a small 
pre-assembly station that took 13 seconds, including scanning the work 
order and the product 2D matrix. I had analysed everything by the book and 
included anything that I could think of. Apart from the obvious deal breaker, 
i.e. cost, which was clearly saying ‘buy’, I had organised cross-functional 
process FMEAs to identify risks, looked at the product development 
roadmap to understand the future product requirements, interviewed the 
operators to get shop floor preferences and analysed and weighted aspects 
such as tact time, logistical flow, maintenance, health and safety, quality 
assurance, volume and all other operational aspects one can think of.  

Everything was packed into a brief and neat management report. It was 
presented, and the conclusion was clear: ‘BUY’. At this point, a senior 
manager within the product design and development function was informed 
about this ‘production initiative’. He got involved and said ‘MAKE’. And 
‘make’ it was. I was annoyed and offended, at first. But then my curiosity 
kicked in. Why does another function care so much about what ‘we’ do…? 
And what else did I miss? And how did I miss it? And who else did I miss? 
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Chapter 5.1, ‘RQ1: How can manufacturing contribute additional value outside 
the company?’, focuses on the external value chains that manufacturing is or can 
be part of. This is highlighted in yellow in Figure 10. 

Chapter 5.2, ‘RQ2: How can manufacturing contribute additional value inside the 
company?’, focuses on the internal cross-functional value chains that 
manufacturing is or can be part of. This is highlighted in blue in Figure 10. 

Finally, Chapter 5.3, ‘RQ3: How can the additional value perspective be 
incorporated into manufacturing practices?’, highlights what can be improved in 
current manufacturing practices to enable this holistic approach. This is 
highlighted as green in Figure 10. 

 
Figure 10. Visual representation of the research questions categorised into three main 
groups: (1) external value (yellow), (2) internal value (blue) and (3) how to change 
current practices (green). 
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5.1 RQ1: How can manufacturing contribute 
additional value outside the company? 

A company can contribute value outside its own organisation both intentionally 
and unintentionally. To explore whether there are opportunities for a wider scope 
of requirements during manufacturing system development to increase this 
external value, it was decided to first investigate how the company is evaluated 
externally. This idea was triggered by an internal news article that highlighted that 
the company had scored very well on one specific external evaluation. Thereafter, 
it seemed prudent to investigate how the manufacturing function (including the 
manufacturing system) could contribute to improving these evaluations. 

New questions were raised to address research question 1 (RQ1): 

RQ1.1: How is the company externally evaluated? 

RQ1.2: How can manufacturing contribute to these external metrics? 

In Figure 11 the source of data is summarised in the left side beige boxes. The 
sources are divided into three categories of activities to obtain the data: 
(1) Identify external factors and metrices, (2) Analyse identified relevant metrices, 
and (3) Review current practices and look for good examples. 

 
Figure 11. Details of which data contribute to addressing the new questions. 
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5.1.1 How is the company externally evaluated? 

Source of data 
Two interviews with the Department for Public Affairs, review/analysis of external evaluation 
reports: EcoVadis, Corporate Knights, Dow Jones Sustainability, UN Sustainable 
Development Goals. 

Related publication 
No previous publication. 

Several different organisations conduct organised evaluations of companies for 
different reasons. Some do it completely independently using publicly available 
information. Other evaluations are very dependent on the company cooperating 
by providing information and answering surveys. 

First and foremost, companies are evaluated by their customers. For Scania, this 
often relates to how the company behaves in terms of sustainability aspects but 
also to its overall product performance. For larger deals, this evaluation is 
commonly performed by an independent organisation specialising in 
sustainability ranking. There are also evaluations conducted by investors and 
banks, particularly around environmental, social and governance aspects (also 
known as ESG) and how they influence financial results. Other evaluations are 
used by, for example, investors interested in investing in the company, students 
evaluating whether the company is a potential good employer and many other 
stakeholders, such as partners, politicians and decision makers. 

To obtain a better understanding of what matters for the company in this respect, 
two interviews were conducted with individuals working at the public affairs 
department. Each interview lasted for about one hour. These interviews can be 
classified as key informant interviews, as the interviewees had expert knowledge in 
the field of external company evaluation but were not themselves external 
evaluators. The initial interview was at the beginning of the research, exploring a 
recent external evaluation by an organisation called Corporate Knights [95]. The 
interview was unstructured and open-ended to ensure the interviewee would talk 
freely and honestly but with a focus on the recent evaluation report and other 
external evaluations of importance for the company. 

In this interview, specific evaluation reports and evaluation methods were 
highlighted and provided after the meeting. To obtain a greater depth of 
understanding, these were reviewed and analysed. The different metrics were 
examined, coded and grouped. As with the qualitative research, these groups kept 
evolving, with new data being added throughout the years of the student’s PhD 
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studies. Apart from the general financial quality of the company, it became clear 
that sustainability was an important area of evaluation. This led later to the second 
interview, which focused in-depth on key metrics for sustainability. As this 
interview was five years after the first interview, some new evaluation reports were 
identified and provided to the author, which again were reviewed and analysed to 
further develop the groups of metrics. Some key evaluations are briefly outlined 
below and detailed in the appendices chapter. 

As Scania has, during the years of these PhD studies, changed ownership and 
become part of Traton SE, the external evaluation process has also changed. 
Scania is no longer a publicly listed company and is therefore not directly 
evaluated by some organisations. However, as the parent company Traton SE is 
publicly listed, all the evaluations still apply indirectly to Scania. 

5.1.1.1 Corporate Knights (CK) [95] 
According to Corporate Knights’ web page, they consider themselves ‘the voice 
for clean capitalism’. They house a media division that publishes a magazine and 
a research division responsible for research and ranking reports. In 2013, Scania 
came in 27th on Corporate Knights’ index of the 100 most sustainable 
corporations in the world. An internal article on this achievement triggered the 
author to investigate this external evaluation further. 

The methodology starts with the screening and shortlisting of companies that 
qualify for the evaluation. Thereafter, different key performance metrics (KPI) 
are used for the evaluation. These KPIs have changed over the years, but the ones 
examined are those from 2013. See Appendix 9.1 for further details. 

5.1.1.2 Green truck award 
Another evaluation highlighted through the interview was the product-specific 
evaluation ‘Green Truck’, conducted by the two German trade magazines Trucker 
and VerkehrsRundschau. For five consecutive years (2017–2021), Scania has won 
this prestigious award [96]. However, as the award relates only to the product 
rather than to the company, it was not further investigated in this research. 

5.1.1.3 EcoVadis [97] 
Since EcoVadis was founded in 2007, it has grown to become one of the largest 
providers of sustainability ratings [98]. Their evaluation focuses on how well a 
company has integrated sustainability principles and CSR (corporate social 
responsibility) into its business and management systems. The sustainability 



RESULTS AND ANALYSIS 

42 

5.1.1 How is the company externally evaluated? 

Source of data 
Two interviews with the Department for Public Affairs, review/analysis of external evaluation 
reports: EcoVadis, Corporate Knights, Dow Jones Sustainability, UN Sustainable 
Development Goals. 

Related publication 
No previous publication. 

Several different organisations conduct organised evaluations of companies for 
different reasons. Some do it completely independently using publicly available 
information. Other evaluations are very dependent on the company cooperating 
by providing information and answering surveys. 

First and foremost, companies are evaluated by their customers. For Scania, this 
often relates to how the company behaves in terms of sustainability aspects but 
also to its overall product performance. For larger deals, this evaluation is 
commonly performed by an independent organisation specialising in 
sustainability ranking. There are also evaluations conducted by investors and 
banks, particularly around environmental, social and governance aspects (also 
known as ESG) and how they influence financial results. Other evaluations are 
used by, for example, investors interested in investing in the company, students 
evaluating whether the company is a potential good employer and many other 
stakeholders, such as partners, politicians and decision makers. 

To obtain a better understanding of what matters for the company in this respect, 
two interviews were conducted with individuals working at the public affairs 
department. Each interview lasted for about one hour. These interviews can be 
classified as key informant interviews, as the interviewees had expert knowledge in 
the field of external company evaluation but were not themselves external 
evaluators. The initial interview was at the beginning of the research, exploring a 
recent external evaluation by an organisation called Corporate Knights [95]. The 
interview was unstructured and open-ended to ensure the interviewee would talk 
freely and honestly but with a focus on the recent evaluation report and other 
external evaluations of importance for the company. 

In this interview, specific evaluation reports and evaluation methods were 
highlighted and provided after the meeting. To obtain a greater depth of 
understanding, these were reviewed and analysed. The different metrics were 
examined, coded and grouped. As with the qualitative research, these groups kept 
evolving, with new data being added throughout the years of the student’s PhD 

RESULTS AND ANALYSIS 

43 

studies. Apart from the general financial quality of the company, it became clear 
that sustainability was an important area of evaluation. This led later to the second 
interview, which focused in-depth on key metrics for sustainability. As this 
interview was five years after the first interview, some new evaluation reports were 
identified and provided to the author, which again were reviewed and analysed to 
further develop the groups of metrics. Some key evaluations are briefly outlined 
below and detailed in the appendices chapter. 

As Scania has, during the years of these PhD studies, changed ownership and 
become part of Traton SE, the external evaluation process has also changed. 
Scania is no longer a publicly listed company and is therefore not directly 
evaluated by some organisations. However, as the parent company Traton SE is 
publicly listed, all the evaluations still apply indirectly to Scania. 

5.1.1.1 Corporate Knights (CK) [95] 
According to Corporate Knights’ web page, they consider themselves ‘the voice 
for clean capitalism’. They house a media division that publishes a magazine and 
a research division responsible for research and ranking reports. In 2013, Scania 
came in 27th on Corporate Knights’ index of the 100 most sustainable 
corporations in the world. An internal article on this achievement triggered the 
author to investigate this external evaluation further. 
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qualify for the evaluation. Thereafter, different key performance metrics (KPI) 
are used for the evaluation. These KPIs have changed over the years, but the ones 
examined are those from 2013. See Appendix 9.1 for further details. 
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evaluation ‘Green Truck’, conducted by the two German trade magazines Trucker 
and VerkehrsRundschau. For five consecutive years (2017–2021), Scania has won 
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company has integrated sustainability principles and CSR (corporate social 
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assessment is based on 21 indicators within four themes: (1) the environment, (2) 
labour & human rights, (3) ethics and (4) sustainable procurement. See Appendix 
9.2 for further details of the assessment indicators. 

5.1.1.4 Dow Jones Sustainability Indices (DJSI) [99] 
The Dow Jones Sustainability Indices (DJSI) are a family of different evaluations 
that are part of Standards & Poor’s (S&P) Environmental, Social and Corporate 
Governance (ESG) evaluation portfolio. The evaluation is performed in a 
strategic partnership with the investment company RobecoSAM. The DJSI family 
consists of nine benchmark groups: (1) DJSI World, (2) DJSI North America, (3) 
DJSI Europe, (4) DJSI Asia Pacific, (5) DJSI Emerging Markets, (6) DJSI Korea, 
(7) DJSI Australia, (8) DJSI Chile and (9) the DJSI MILA Pacific Alliance. The 
DJSI was considered by the studied company to be one of the major, significant 
evaluations that all companies wanted to be part of and achieve good results on. 
It was also considered one of the most comprehensive evaluations in existence. 
See Appendix 9.3 for further details of the assessment indicators. 

5.1.1.5 UN Sustainable Development Goals (SDG) [100] 
In 2015, all United Nations (UN) member states adopted the 2030 Agenda for 
Sustainable Development to call all countries to actions to end poverty, protect 
the planet and improve the lives and prospects of everyone, everywhere. At the 
heart of this agenda is the 17 sustainable development goals (SDG) (see Figure 12) 
[100]. These SDG were later, in 2017, further detailed and enriched with a total 
of 169 actionable targets. See Appendix 9.4 for all 169 targets. 

 
Figure 12. The 17 sustainable development goals set by the United Nations [100] 
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As all the external evaluations are, to a large degree, focused on sustainability, the 
UN SDGs have been selected to represent the wide range of sustainability 
aspects. Large industrial companies influence many of these sustainability goals in 
different ways. When it comes to manufacturing system development and how 
factories are designed, not all goals can be influenced. To focus the analytical work 
on how to positively influence these targets, a shortlisting was conducted. Each 
target was reviewed and analysed, and simply coded as ‘Yes, can be positively 
influenced’ or ‘No, cannot to a greater extent be positively influenced’. This work 
was initially conducted by the author alone, but followed up by two discussions 
with company sustainability experts to validate the initial results. If the target was 
classified as ‘Yes, can be positively influenced’, the way it could be influenced was 
also analysed and coded. The code structure was developed throughout the work 
and guided by the data. In the end, four categories emerged: (1) economy, (2) 
environment, (3) people and (4) external collaboration. 

Out of the 17 SDGs and all 169 targets, in the end 10 SDGs and 20 individual 
targets were shortlisted as possible to influence, depending on how the 
manufacturing system development was conducted (even though some might 
seem farfetched). The influence category is stated at the end within brackets. The 
shortlisted SDGs and targets are as follows: 

Goal 3: Good health and well-being 
Ensure healthy lives and promote well-being for all at all ages. 

Target 3.9. By 2030, substantially reduce the number of deaths and illnesses from 
hazardous chemicals and air, water and soil pollution and contamination. 
(Environment) 

Goal 4: Quality Education 
Ensure inclusive and equitable quality education and promote lifelong learning 
opportunities for all. 

Target 4.3. By 2030, ensure equal access for all women and men to affordable and 
quality technical, vocational and tertiary education, including university. (External 
collaboration) 

Target 4.4. By 2030, substantially increase the number of youth and adults who have 
relevant skills, including technical and vocational skills, for employment, decent jobs 
and entrepreneurship. (External collaboration) 

Target 4.5. By 2030, eliminate gender disparities in education and ensure equal access 
to all levels of education and vocational training for the vulnerable, including persons 
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with disabilities, indigenous peoples and children in vulnerable situations. (External 
collaboration) 

Goal 6: Clean water and sanitation 
Ensure availability and sustainable management of water and sanitation for all. 

Target 6.3. By 2030, improve water quality by reducing pollution, eliminating dumping 
and minimising release of hazardous chemicals and materials, halving the proportion 
of untreated wastewater and substantially increasing recycling and safe reuse globally. 
(Environment) 

Target 6.4. By 2030, substantially increase water-use efficiency across all sectors and 
ensure sustainable withdrawals and supply of freshwater to address water scarcity and 
substantially reduce the number of people suffering from water scarcity. 
(Environment) 

Goal 7: Affordable and clean energy (resource usage) 
Ensure access to affordable, reliable, sustainable and modern energy for all. 

Target 7.3. By 2030, double the global rate of improvement in energy efficiency. 
(Environment) 

Goal 8: Decent work and economic growth 
Promote sustained, inclusive and sustainable economic growth, full and productive 
employment and decent work for all. 

Target 8.2. Achieve higher levels of economic productivity through diversification, 
technological upgrading and innovation, including through a focus on high-value 
added and labour-intensive sectors. (Economy) 

Target 8.4. Improve progressively, through 2030, global resource efficiency in 
consumption and production and endeavour to decouple economic growth from 
environmental degradation, in accordance with the 10-year framework of programmes 
on sustainable consumption and production, with developed countries taking the lead. 
(Environment) 

Target 8.5. By 2030, achieve full and productive employment and decent work for all 
women and men, including for young people and persons with disabilities, and equal 
pay for work of equal value. (People) 

Target 8.8. Protect labour rights and promote safe and secure working environments 
for all workers, including migrant workers, in particular women migrants, and those 
in precarious employment. (People) 
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Goal 9: Industry, innovation and infrastructure 
Build resilient infrastructure, promote inclusive and sustainable industrialization and 
foster innovation. 

Target 9.4. By 2030, upgrade infrastructure and retrofit industries to make them 
sustainable, with increased resource-use efficiency and greater adoption of clean and 
environmentally sound technologies and industrial processes, with all countries taking 
action in accordance with their respective capabilities. (Environment) 

Target 9.5. Enhance scientific research, upgrade the technological capabilities of 
industrial sectors in all countries, in particular developing countries, including, by 
2030, encouraging innovation and substantially increasing the number of research and 
development workers per 1 million people and public and private research and 
development spending. (External collaboration) 

Goal 12: Responsible consumption and production 
Ensure sustainable consumption and production patterns. 

Target 12.4. By 2020, achieve the environmentally sound management of chemicals 
and all wastes throughout their life cycle, in accordance with agreed international 
frameworks, and significantly reduce their release to air, water and soil in order to 
minimize their adverse impacts on human health and the environment. (Environment) 

Target 12.5. By 2030, substantially reduce waste generation through prevention, 
reduction, recycling and reuse. (Environment) 

Goal 14: Life below water 
Conserve and sustainably use the oceans, seas and marine resources for sustainable 
development. 

Target 14.1. By 2025, prevent and significantly reduce marine pollution of all kinds, in 
particular from land-based activities, including marine debris and nutrient pollution. 
(Environment) 

Target 14.3. Minimize and address the impacts of ocean acidification, including 
through enhanced scientific cooperation at all levels. (Environment) 

Goal 15: Life on land 
Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably 
manage forests, combat desertification, and halt and reverse land degradation and halt 
biodiversity loss. 

Target 15.1. By 2020, ensure the conservation, restoration and sustainable use of 
terrestrial and inland freshwater ecosystems and their services, in particular forests, 
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wetlands, mountains and drylands, in line with obligations under international 
agreements. (Environment) 

Goal 17: Partnerships for the goals 
Target 17.6. Enhance North-South, South-South and triangular regional and 
international cooperation on and access to science, technology and innovation and 
enhance knowledge-sharing on mutually agreed terms, including through improved 
coordination among existing mechanisms, in particular at the United Nations level, 
and through a global technology facilitation mechanism. (External collaboration) 

Target 17.16. Enhance the Global Partnership for Sustainable Development, 
complemented by multi-stakeholder partnerships that mobilize and share knowledge, 
expertise, technology and financial resources, to support the achievement of the 
Sustainable Development Goals in all countries, in particular developing countries. 
(External collaboration) 

The influence that manufacturing system development can have on these goals 
will be further elaborated in the following section. 

5.1.2 How can manufacturing contribute to these external 
metrics? 

Sources of data 
Evaluation of UN Sustainable Development Goals together with two company experts. Four 
interviews concerning sustainability at Scania. Three interviews with university representatives. 
Case study for manufacturing system development. 

Related publication 
No previous publication. 

As a progression of the previous section, which looked at how companies are 
externally evaluated, the next step was to determine whether and how the 
manufacturing system can positively contribute to these metrics. As sustainability 
had proven to be of great importance for the company and was commonly 
evaluated by different organisations, the 17 UN SDGs were selected for further 
analysis. The SDGs were often referred to within the company, are recognised 
and adopted on a national level and are comprehensive and not only focused on 
environmental aspects and compliance. In addition to the SDGs analysis, a case 
study was conducted. A manufacturing system development project with an 
additional focus on external stakeholders was studied 
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5.1.2.1 UN Sustainable Development Goals influence 
Each of the 17 development goals and 169 targets within these goals was reviewed 
and analysed from the perspective of whether it could be positively influenced by 
the manufacturing system development process. Many of the identified goals and 
targets are already, to some degree, enforced through rules and legislation, and 
the external evaluation is intended to confirm compliance. At the studied 
company, environmental impact and health and safety are already considered 
during the manufacturing system development process. Additionally, the target 
relating to economic productivity is strongly related to the profit-focused goals 
that businesses already adhere to. However, six of the identified targets are 
currently considered neglected (or not considered to a great extent), probably 
because they are not part of the core business of the company. These six targets 
are as follows: 

Target 4.3. By 2030, ensure equal access for all women and men to affordable and 
quality technical, vocational and tertiary education, including university. 

Target 4.4. By 2030, substantially increase the number of youth and adults who 
have relevant skills, including technical and vocational skills, for employment, 
decent jobs and entrepreneurship. 

Target 4.5. By 2030, eliminate gender disparities in education and ensure equal 
access to all levels of education and vocational training for the vulnerable, 
including persons with disabilities, indigenous peoples and children in vulnerable 
situations. 

Target 9.5. Enhance scientific research, upgrade the technological capabilities of 
industrial sectors in all countries, in particular developing countries, including, by 
2030, encouraging innovation and substantially increasing the number of research 
and development workers per 1 million people and public and private research 
and development spending. 

Target 17.6. Enhance North-South, South-South and triangular regional and 
international cooperation on and access to science, technology and innovation 
and enhance knowledge-sharing on mutually agreed terms, including through 
improved coordination among existing mechanisms, in particular at the United 
Nations level, and through a global technology facilitation mechanism. 

Target 17.16. Enhance the Global Partnership for Sustainable Development, 
complemented by multi-stakeholder partnerships that mobilize and share 
knowledge, expertise, technology and financial resources, to support the 
achievement of the Sustainable Development Goals in all countries, in particular 
developing countries. 
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Although these targets could be considered the responsibility of other 
organisations or governments, companies could also contribute to meeting them 
in new and different ways. These identified targets relate to the research, 
education and collaboration focusing on sustainable development. One example 
identified during the development project case study is that such development 
can be encouraged and supported by having factories become more accessible to 
external partners. In addition to the case study, having interviewed professors and 
teachers responsible for engineering-related courses, there is a clear consensus 
that industrial collaborations and factory visits strengthen the quality of students’ 
education and give the students a context for the theory. However, bringing larger 
groups of people into the industrial reality can be quite challenging. The schedule 
of the course needs to match the availability of someone guiding the group. The 
guide, who might normally be involved with the production operation, could be 
required to attend to urgent operational matters on the day of the visit. 
Additionally, the factories are rarely designed with the intention of facilitating 
guided tours for external visitors, which makes them dangerous places. This can 
cause worries for both the teachers and the hosting production organisation. 

5.1.2.2 Case study: ‘Development project, external value’ 
To further explore the concept of an accessible factory, a development project 
case study was conducted. The factory studied was already operational, and it was 
apparent that the final system design of the factory had resulted in a novel value. 
The novel value observed was in the form of an accessible and visit-friendly 
factory. This enables several new value chains where both internal and external 
stakeholders can access this modern, state-of-the-art factory for different reasons. 
People from other industries, universities and suppliers, among others, had 
already been visiting the factory. In addition to the main factory, a training cell 
was included in the development project at which staff could be educated in the 
new robotic system, new control systems and other production-oriented aspects 
new to the production site. During the interview, it was revealed that additional 
external stakeholders had also found an interest in this training cell. A local upper 
secondary school requested access to conduct part of its education on site to 
enrich its course activities. This is another example of a coincidental secondary 
value chain that could have been considered earlier in the project to ensure that 
this value was realised to its full potential. In the long term, this would also result 
in value for the company through better educated and more competent students 
for future recruitment. 

During the visit to the factory, it was clear that there were no additional features 
of the factory that would bring more value to an external visitor. For example, 
there could have been information about what was observed in the factory or 
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other features to increase the marketing and brand value of the visit. In relation 
to the training cell that was also developed, it was also designed around the 
manufacturing strategy and production value. The fact that it also became a source 
of value for local schools was just, again, coincidental. If this had been considered 
initially during the development of the cell, rather than locating it in the centre of 
the production site, it would have been more accessible for external stakeholders 
and closer to the entry point. With a separate entrance and no direct access to the 
rest of the production site, this training cell could be accessed more easily and 
safely by schools without occupying the time of production staff to guide them. 

5.1.3 Conclusion on how manufacturing can contribute 
additional value outside the company 

Analysing all the evaluation indices of the different evaluation organisations, it 
becomes clear that there is currently a focus on the negative impacts that 
companies can have. The perspectives of most of the evaluations are on how bad 
companies are, and those who are not behaving badly are, therefore, good and 
the best in class. Only a few indices are formulated from a positive perspective, 
where the analyses are on how good a company behaves, for example, if the 
company is positively engaged in the local community. An increased focus on 
how manufacturing companies can contribute positively would potentially extend 
the ambition and results. It also becomes clear that companies can contribute 
more novelty with value to external stakeholders. This can be done through the 
manufacturing system development if there is a will to do so. The identified 
external value chains are largely based on collaboration between the company and 
external organisations. However, contributing additional value outside the 
company is not only a one-way street. For example, helping the education system 
through work-integrated learning concepts could help in future recruitment and 
competence supply. Also, addressing the sustainability aspects more aggressively, 
could also increase brand value and attract customers and competence. 
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other features to increase the marketing and brand value of the visit. In relation 
to the training cell that was also developed, it was also designed around the 
manufacturing strategy and production value. The fact that it also became a source 
of value for local schools was just, again, coincidental. If this had been considered 
initially during the development of the cell, rather than locating it in the centre of 
the production site, it would have been more accessible for external stakeholders 
and closer to the entry point. With a separate entrance and no direct access to the 
rest of the production site, this training cell could be accessed more easily and 
safely by schools without occupying the time of production staff to guide them. 

5.1.3 Conclusion on how manufacturing can contribute 
additional value outside the company 
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companies can have. The perspectives of most of the evaluations are on how bad 
companies are, and those who are not behaving badly are, therefore, good and 
the best in class. Only a few indices are formulated from a positive perspective, 
where the analyses are on how good a company behaves, for example, if the 
company is positively engaged in the local community. An increased focus on 
how manufacturing companies can contribute positively would potentially extend 
the ambition and results. It also becomes clear that companies can contribute 
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competence supply. Also, addressing the sustainability aspects more aggressively, 
could also increase brand value and attract customers and competence. 
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5.2 RQ2: How can manufacturing contribute 
additional value inside the company? 

A large part of the research has been focused on how the manufacturing system 
can contribute additional, and perhaps novel, value inside the company to achieve 
a greater overall business value. The main value chain for the manufacturing 
system is geared towards the primary paying customer by making a high-quality 
product at an acceptable cost. However, there are many other internal processes 
and cross-functional works in which the manufacturing system and organisation 
participate. Therefore, it was necessary to limit the research to some degree by 
identifying key stakeholders to focus on. After this, it was possible to understand 
how these selected stakeholders could be supported. 

New questions were raised to address the initial research question 2 (RQ2): 

RQ2.1: Which internal stakeholders are the most important to consider? 

RQ2.2: How can manufacturing contribute value to these stakeholders? 

Figure 13 the source of data is summarised in the left side beige boxes. The 
sources are divided into three categories of activities to obtain the data: 
(1) Identify internal stakeholders, (2) Ask stakeholders about value, and 
(3) Review current practices and looking for good examples. 

 
Figure 13. Detailing the data that contribute to answering the new questions. 
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5.2.1 Which internal stakeholders are the most important to 
consider? 

Source of data 
Review of ISO9001 certificates and annual reports. 

Related publication 
Paper A: Manufacturing system design for business value, a holistic design approach [101]. 

Within companies, many processes and activities are going on. Some directly 
relate to the customer offering, while others are indirect or necessary for other 
reasons. To limit the scope of the research, it was decided that the key processes 
related to the customer would be the focus. Since the process approach is one of 
the ISO 9001 quality management principles (QMP), it is required for the 
company to specify which processes it intends to certify. Once the certifying body 
grants the certificate, the scope of the certificate specifies these main processes 
for its product realisation or service delivery activities [41]. This was used as a 
main source of data to establish what core processes different companies carry 
out and which ones are common between companies. As there are different 
certifying bodies for ISO 9001, there is not one location where the certificates can 
be found. However, most companies openly publish their certificates in the public 
domain, which made them available for this study. 

Another source for identifying the companies’ core processes is annual reports. 
They sometimes specifically specify the business models and processes around 
them, while at other times, they can be rather ambiguously found in the text if it 
is read carefully. The company structure can also reveal core processes, as they 
have been used to define the organisational structure. Annual reports have also 
been used to identify the certificate that represents the larger part of the company, 
as smaller individual business areas within the company can also have their own 
certificates. 

Based on the ISO 9001 certificates and the annual reports of the shortlisted 
companies, several core business processes can be identified. A large proportion 
of the studied companies have the same core business processes (see Figure 14). 
These core business processes also tend to have structures that are similar to 
traditional organisational structures. This structure revolves around a product life 
perspective in terms of (1) design and (2) development to realise the product 
through either (3) purchasing or (4) manufacturing. The next step in the product 
life cycle is (5) marketing and (6) sales to make it available for the customers, and 
once in use, the product requires (7) service. For many companies, this is, 
historically, where they consider their responsibility to end. When the product has 
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reached the end of its use, disposal is just a necessary wasteful activity performed 
by either the customer or the company selling the product. However, during the 
organisational study, one company was found to include the (8) recycling of their 
product as a core process. The topic of remanufacturing and closing the resource 
loop is gaining more and more attention in the wake of the emergency push for 
more sustainable business models. Therefore, this final core process is likely 
something that more companies will formalise and adopt in the future. 

Figure 14 captures all eight core functions found during the study, where the blue 
arrow symbolise their value contribution. This will be the focal point for the 
continuation of the business value analysis and how the (4) Manufacturing 
function can contribute in new ways to the overall business value. These core 
functions will be referred to further on as internal stakeholders.  

 
Figure 14. The typical core functions and processes identified in large original 
equipment manufacturing (OEM) companies in Sweden [101]. Each function has its 
own individual strategies and objectives that aim at improving their specific value chain 
and individually contribute to business value. 

To understand how the manufacturing function can contribute value to other 
internal stakeholders, it is important to look at their typical objectives. These were 
identified internally at the company but are also more generally found on the 
publicly available internet: 
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(1) Design and (2) Development: Time to market, quality, innovation and cost. 

(3) Purchasing: Supplier optimisation, quality, delivery and cost. 

(5) Marketing: Brand building and customer attraction. 

(6) Sales: Profitable growth, offer customer solutions and sales forecast: 

(7) Service: Global service and customer uptime and efficiency. 

(8) Recycling: Reuse and recycle of sold products at end of life. 

5.2.2 How can manufacturing contribute value to these 
stakeholders? 

 

Source of data 
Two interviews ‘Product Research & Development’, Three interviews ‘Marketing’, One 
interview ‘Sales’, Five interviews & archival analysis ‘Industrial Control’, nine interviews & 
archival analysis ‘Manufacturing Engineering’, Case studies ‘Development Project’. 

Related publication 
Paper A: Manufacturing system design for business value, a holistic design approach [101]. 

Even if the current development process and decision structures favour 
traditional production objectives, there are opportunities to develop these to 
consider a wider stakeholder perspective and become more value oriented. A large 
part of the research work has been to answer the specific question, ‘How can 

I was sitting at the desk, leaning back in my chair, listening to the technical 
production manager’s enthusiasm about the importance of the 
manufacturing system. About the investments and developments made now 
that will determine the product design space for years and years to come. 
That the production organisation determines the prerequisites for business 
success long before the product designer does. We are not followers of the 
product design and development process; we are leading it by determining 
the possibilities. However, are we then also fully considering this aspect of 
the influence of the overall business success when we develop our 
manufacturing systems? 



RESULTS AND ANALYSIS 

54 

reached the end of its use, disposal is just a necessary wasteful activity performed 
by either the customer or the company selling the product. However, during the 
organisational study, one company was found to include the (8) recycling of their 
product as a core process. The topic of remanufacturing and closing the resource 
loop is gaining more and more attention in the wake of the emergency push for 
more sustainable business models. Therefore, this final core process is likely 
something that more companies will formalise and adopt in the future. 

Figure 14 captures all eight core functions found during the study, where the blue 
arrow symbolise their value contribution. This will be the focal point for the 
continuation of the business value analysis and how the (4) Manufacturing 
function can contribute in new ways to the overall business value. These core 
functions will be referred to further on as internal stakeholders.  

 
Figure 14. The typical core functions and processes identified in large original 
equipment manufacturing (OEM) companies in Sweden [101]. Each function has its 
own individual strategies and objectives that aim at improving their specific value chain 
and individually contribute to business value. 

To understand how the manufacturing function can contribute value to other 
internal stakeholders, it is important to look at their typical objectives. These were 
identified internally at the company but are also more generally found on the 
publicly available internet: 

 

RESULTS AND ANALYSIS 

55 

 

(1) Design and (2) Development: Time to market, quality, innovation and cost. 

(3) Purchasing: Supplier optimisation, quality, delivery and cost. 

(5) Marketing: Brand building and customer attraction. 

(6) Sales: Profitable growth, offer customer solutions and sales forecast: 

(7) Service: Global service and customer uptime and efficiency. 

(8) Recycling: Reuse and recycle of sold products at end of life. 

5.2.2 How can manufacturing contribute value to these 
stakeholders? 

 

Source of data 
Two interviews ‘Product Research & Development’, Three interviews ‘Marketing’, One 
interview ‘Sales’, Five interviews & archival analysis ‘Industrial Control’, nine interviews & 
archival analysis ‘Manufacturing Engineering’, Case studies ‘Development Project’. 

Related publication 
Paper A: Manufacturing system design for business value, a holistic design approach [101]. 

Even if the current development process and decision structures favour 
traditional production objectives, there are opportunities to develop these to 
consider a wider stakeholder perspective and become more value oriented. A large 
part of the research work has been to answer the specific question, ‘How can 

I was sitting at the desk, leaning back in my chair, listening to the technical 
production manager’s enthusiasm about the importance of the 
manufacturing system. About the investments and developments made now 
that will determine the product design space for years and years to come. 
That the production organisation determines the prerequisites for business 
success long before the product designer does. We are not followers of the 
product design and development process; we are leading it by determining 
the possibilities. However, are we then also fully considering this aspect of 
the influence of the overall business success when we develop our 
manufacturing systems? 



RESULTS AND ANALYSIS 

56 

manufacturing contribute value to these stakeholders?’. To obtain answers, the 
data collection has been focused on two areas: (1) interviewing the stakeholders and 
asking how the manufacturing system can contribute and (2) reviewing the current 
manufacturing practices to understand how to improve the process and identify 
isolated good examples of value contribution that already exist today. 

The examples presented below of manufacturing contributing to novel value 
chains are by no means exclusive. Each organisation that would adopt this holistic 
business value design approach should conduct a thorough value analysis of its 
own business. Because many large OEM manufacturing companies still apply a 
traditional, functionally oriented organisational structure, the core processes 
correspond to these functions. Therefore, this chapter will provide some relevant 
examples of what these cross-functional value chains could look like. 

5.2.2.1 Manufacturing’s contribution to product design and 
development 

The closest and perhaps most recognised value chain in which the production 
resources are involved (apart from their own product realisation) is the product 
design and development process. The interaction and co-development between 
product and production has been closely studied for many years, and there are 
several design and development principles to assist in this study. Concurrent 
engineering methodology brings cross-functional teams to develop both the 
product and the production concurrently [102]. Furthermore, Design for 
Assembly (DfA), Design for Manufacturability (DfM) and other ‘Design for’ 
(DfX) approaches have been developed to shorten development time, improve 
initial design and ensure that products can be efficiently produced. This means 
that consideration often revolves around manufacturing challenges, i.e. cross-
functional value is created by the product design and development function, given 
to manufacturing [102]. This raises the question of whether the manufacturing 
system can contribute value to the product design and development function as 
well. In the same way that the product design sets the prerequisite for how 
efficiently the product can be made, the manufacturing system design, technology 
and competence available at the company will set the prerequisite for what 
products can be developed. Instead of the production organisation only 
harbouring expectations about the product design, the production organisation 
could also, unselfishly and to a greater extent, design the manufacturing system 
to support the product design and development process. Exactly how the 
manufacturing system should be designed will vary from company to company 
and the product being produced, but some examples will be presented below to 
guide and inspire this approach. These findings and examples are results from 
several of the industrial interviews, both within Scania and at other companies. 
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One mutually beneficial manufacturing system design feature is to have the 
flexibility and capacity to be able to produce prototypes for subsequent 
generations of products. For some companies and some products, there will 
already be internal prototype manufacturing capabilities, while others outsource 
these, as it might be cheaper and will not disturb the existing production. 
However, even for the companies that do their own internal prototype 
manufacturing, it seems common to have a separate prototype workshop rather 
than to use the high-volume series production line. Having the capacity and 
flexibility to facilitate protype manufacturing in the series lines will ensure that the 
production employees with a series line competence will be involved. Internal 
organisations have more incentives than external companies to not only make the 
prototype, but also to give constructive feedback on the product design. The 
production organisation will also naturally obtain information on the design 
changes that can be expected ahead of time, which will allow for early preparation 
and planning for any necessary changes required to the manufacturing system. 
The additional value that production contributes to the product design and 
development value chain is the critical time-to-market aspect. With the right 
flexibility and capacity already designed into the manufacturing system, the time 
to produce the prototype internally can be much quicker and less administrative, 
as there is (hopefully) no quotation or tendering process required. 

These arguments relate more to major changes in the product, but the 
manufacturing system can similarly be designed to better facilitate minor changes 
as well. Speaking to product design and development engineers at a large 
automotive company yielded new insight into their work. There are often efforts 
to continuously improve existing product designs. There can, for example, be field 
quality issues that need addressing and rationalisation and standardisation 
between different products that can improve product cost. However, a frustration 
was expressed that even with the best intention of improving the product, the 
business case for doing so can be completely turned around by the lack of 
flexibility in the manufacturing system. Changes to the manufacturing system can 
incur high cost, disturbances and long lead times when there was no production 
flexibility designed in the first place. The manufacturing systems seem to have a 
certain degree of flexibility but are still designed from a production value 
perspective. The flexibility is specified around how to handle some typical 
scenarios instead of radically assisting and contributing to the speed and frequency 
of product design iteration, which relates to the competitiveness of the product. 
The questions asked during manufacturing system development should perhaps 
be about how to facilitate and encourage product change and see it as a business 
value and a matter of competitiveness instead of just handling a production 
inconvenience that is caused by a product design change. It is a matter of being 
proactive and leading instead of being passive and a victim of change. Not all 
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future changes can be predicted, but if the dialogue between production and 
design engineers is focused on how to improve the production development 
process, new and innovative ideas will likely surface. 

There are other ways to improve the value chain between the two functions. To 
be able to design for manufacturing and assembly (DfM and DfA) requires insight 
into the production possibilities and limitations. This competence sits mainly with 
the organisation working every day with production. However, this does not mean 
that the competence is exclusively within the production organisation. The 
experienced product designer will also have some production knowledge. To keep 
this knowledge continuously up to date, visits to the production facility can be 
one method of learning. However, a factory is normally not such a welcoming 
place for visitors, and the risk of injury normally requires behavioural training and 
personal protective equipment (PPE) before visitors are allowed in. Visits are still 
organised, but they require time and resources. More spontaneous visits do not 
always happen. Based on the manufacturing systems and development projects 
studied, there has never been a design objective built around visit friendliness for 
external individuals. It is not within the current objective of the production 
organisation to consider anyone other than themselves and the end customer. 
Therefore, consciously designing the factory to have safe visiting zones and the 
possibility of keeping the doors open for other employees can encourage more 
frequent visits by design engineers and nurse knowledge development. 

5.2.2.2 Manufacturing’s contribution to customer attraction 

 

A visit-friendly factory does not only bring value to the product design and 
development process, as discussed in the previous chapter. In large companies, 
there tends to be an organisation responsible for facilitating customer visits. They 
might also be responsible for specific investments focused on improving the visit 
experience. However, as these investment projects are not integrated into the 
initial manufacturing system development project, opportunities are missed to 
make the visit experience as good as possible. The valuable business objective of 
attracting and retaining customers is not the manufacturing function’s 

The new product generation was difficult to get into the existing production 
line. The operational balance was challenging, running two product series in 
one line caused twice the material and everything else was also a nightmare. 
But we made it! Then, the management team comes in and tells us we need 
to make space and plan to facilitate customer visits… 

Why was this not included and considered to begin with? 
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responsibility; hence, it is not included in the initial system design. However, if 
this objective were to be considered during the design of the manufacturing 
system, the customer visit experience could be more rewarding. The typical 
visitor’s interests need to be understood to achieve a good and valuable 
experience. However, better visibility of the process, information about the 
customer’s individual order and product and close access to ‘impressive’ processes 
are just a few examples that could enrich a visit and give longer lasting 
impressions. Even the possibility for the customers to be directly involved in 
production could offer a valuable experience to achieve customer satisfaction. 

Apart from factory visits of customers, there are other means of customer 
attraction. During the case studies of the development projects, it was identified 
that the material selection for the factory could be used to communicate the 
company’s sustainability values. In this particular example, the wood material 
considered was also the product made in the factory; hence, it gained increased 
marketing value. In this innovative case, the potential extended value of the 
production facility was well recognised. 

5.2.2.3 Manufacturing’s contribution to purchasing 

 

Make-AND-buy! I had never thought about it like this before. I had been 
previously taught that a company either makes OR buys the product 
depending on some strategic parameters but primarily cost. The passionate 
production leader did not consider themselves as a production unit who 
only makes products of the best quality to the lowest cost. They saw 
themselves as an ‘industrialisation unit’, developing the best manufacturing 
method for the product. The capacity and volume could then be bought 
externally by applying their method of manufacture, BUT not all of the 
volume! It is important to maintain production competence internally as 
well. It is required when developing and industrialising the next method of 
manufacture for future products together with the product design and 
development function. It was also considered necessary for the purchasing 
organisation to have leverage against the suppliers. The close cross-
functional collaboration between production, product design and 
development and purchasing creates new innovative business value! 

Can the concept of make-AND-buy be considered during the production 
system design? 
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customer’s individual order and product and close access to ‘impressive’ processes 
are just a few examples that could enrich a visit and give longer lasting 
impressions. Even the possibility for the customers to be directly involved in 
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volume! It is important to maintain production competence internally as 
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organisation to have leverage against the suppliers. The close cross-
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Purchasing and production organisations have a similar objective, which is to 
make a product available for the company to sell. Production manufactures parts 
while purchasing parts manufactured by others. Either way, the part needs to be 
of the right quality, in the right amount and at a profitable price. The process used 
at a company to decide whether to manufacture or buy parts is called make-or-
buy. Products are evaluated from a typical financial business perspective, basically 
answering the question of where the product is the cheapest. However, other 
aspects are also evaluated, such as their criticality for the company and other 
strategic aspects. During these years of research, another concept was 
encountered: ‘make-AND-buy’. Searching for this concept in research 
publications, there is not much to find, and the theoretical framework is more 
traditionally black or white, i.e. make-OR-buy. 

One reason for both buying and manufacturing the product was to maintain 
competence within the production organisation to be able to develop the method 
and industrialise the next generation of products. However, another important 
reason was to provide value to the purchasing organisation with negotiation 
power. In a normal make-or-buy situation, once the product is outsourced to a 
supplier, internal competence begins to degrade. The company becomes more 
and more dependent on the supplier, and after several years, it is no longer 
possible to evaluate the technical aspects or whether the price level of the product 
is competitive. Furthermore, the development and improvement incentives are 
normally greater at the company responsible for the product design. Therefore, 
by still manufacturing a certain volume in-house, it is possible to let this low-
volume production organisation focus on the development of existing methods 
of manufacturing and the industrialisation of new products. However, the real 
production innovation and novelty here is having the purchasing organisation as 
one of its key stakeholders by delivering the value of an improved power of 
negotiation. Taking on the responsibility of delivering value in accordance with 
someone else’s objectives is what ‘design for business value’ (DfBV) is about, 
even though the product cost is higher than at the supplier. 

5.2.2.4 Manufacturing’s contribution to attracting and 
developing external competence 

Recruitment attraction is done through different means today, and in the case of 
younger individuals, it is done through, for example, undergraduate projects, 
internships and graduate programmes, just to mention a few initiatives. The first 
impression of the business will be important for these individuals and their 
decision to apply, be offered and accept a job. At one of the studied companies, 
it was recognised that this attraction could be greatly improved over current 
practices. An ongoing companywide initiative is looking at the visual impression 
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made at the factories, among many other areas. The objective with this initiative 
is for employees to feel proud, motivated and engaged, but also to attract 
competence and communicate a sense of premium to external stakeholders (e.g. 
customers and potential recruits). The exact cost vs. value received by this kind 
of initiative is difficult to evaluate until the project is completed and the results 
have been implemented. Therefore, it is important for the company to have a 
decision process that allows for both cost and revenue parameters as well as less 
tangible value potentially received in the future. 

Apart from recruiting competence, it is also possible to access and develop 
external competence through external collaboration and cooperation. Among the 
OECD countries, Sweden is one of the top five countries with the highest 
expenditure on research and development [103]. It is common for large 
companies to have close research collaboration with universities, research 
institutes and other companies. This is also encouraged and driven by a national 
innovation agenda, and a great amount of money is made available for 
collaborative activities [103]. There is a strong will in the innovation system that 
the activities are industry driven and targeted to solve industrial challenges and 
needs. However, to identify operational production challenges, it is recognised in 
lean theories that visiting ‘the place where value is created’, also known as 
‘Gemba’, is important [29]. In the industrial context, this place is often inside the 
factories and down on the shop floor. However, a finding of this research is that 
during the manufacturing system development, little to no effort is made to make 
factories visit-friendly. The design parameters are focused on cost, quality and 
volume, and visits by external partners will, if anything, disturb the production 
line and risk influencing the production performance negatively. During one 
interview, it was explicitly expressed that the goal was to make the best factory to 
make the highest quality and most cost-effective product. Any other aspects that 
could jeopardise these traditional production objectives, such as visit friendliness, 
would be actively prevented. This might be the best decision for this local factory 
manager, at least in the short term. However, from a company business value and 
national point of view, the additional benefits of having visit-friendly factories are 
important for the innovation mechanism. 

Having accessible factories is also beneficial for non-production personnel. For 
the whole company to have better insight into the capabilities and limits of the 
manufacturing system is valuable for different reasons. The most obvious 
example where production competence is necessary is during the product design 
and development process, in which the production organisation often participates 
in cross-functional teams. However, the product design and development 
function having a better basic production understanding can create better 
communication and better initial design concepts. It also creates an opportunity 
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for the design engineers to be able to give feedback at an early stage to the 
production organisation. This interaction between product design and production 
design has been a topic of research for quite some time, with concepts developed 
such as concurrent engineering (CE). However, it was seen in this research that 
there are still few efforts to enable these cross-functional working practices 
through the design of manufacturing systems. Constructing easily accessible and 
safe factories where non-production employees can visit more frequently is one 
way to enable this. Additionally, more available, traceable and transparent data 
that can be accessed by product design and development engineers is another 
way, and it boils down to how the manufacturing system and related systems are 
designed. If the manufacturing system is designed from a production perspective, 
it is less available for other functions to bring value to their respective needs. 

5.2.2.5 Manufacturing’s contribution to business cost control 
Regarding the financial evaluation in a manufacturing system selection process, it 
is common to analyse aspects such as return on investment (ROI), life cycle cost 
(LCC) or similar features. However, as the base for the calculation is a given set 
of conditions, it provides a static snapshot view. The consequence is that an 
investment option that is favourable at a certain volume might not be the most 
favourable option over a volume interval and over time. This limits the possibility 
of seeing the bigger picture and how cost behaves with changing conditions. To 
make financially better and more informed decisions, consideration should be 
given to these business cycles and how they affect product cost (see Figure 15). 

 
Figure 15. Cost per product as a function of volume for two fictitious scenarios with 
different proportions of fixed costs and variable costs. 
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One aspect that seems underestimated in investment decisions is the composition 
of fixed and variable costs, which have an effect on the business value of ‘cost 
control’. To some degree, this is considered during the initial business case, where 
the cost per produced part is analysed for a few different volume scenarios. A 
too-low production volume causes a too-high product cost and a bad business 
case. However, the relation between product cost and volume is also interesting 
to look at when comparing investment alternatives. This was realised in hindsight 
when studying two manufacturing systems producing the same part in about the 
same volume but with different cost compositions [104]. One system had a lower 
variable cost but a higher fixed cost, making it more sensitive to reduced 
production volume. A system with a high proportion of fixed costs makes it less 
favourable in a volatile market or during the recession phase of a business cycle. 
The overall cost control of a business is highly influenced by the manufacturing 
function and should therefore be considered when developing the manufacturing 
system. More and more companies are moving their business models towards a 
pay-per-use approach, which is a complete variable cost-based solution with no 
fixed cost. Therefore, if a supplier of manufacturing systems were to sell a pay-
per-use manufacturing system, the business value achieved would be complete 
‘cost control’.  

To support companies, a manufacturing system development decision support 
framework was developed as part of this research (see Figure 16) [104], [105].  

 
Figure 16. A decision support model to visualise different aspects of cost; it can be used 
during the development of manufacturing systems [104], [105]. 
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The framework comprises three visual graphs and one table. It has been 
developed to support decision makers with easy and intuitive information 
regarding how cost-sensitive the manufacturing system will be to changes in sales 
volume. Visualisation has been an important objective, inspired by Toyota’s way 
of managing complexity [29]. The support model can also be used in existing 
manufacturing systems to evaluate volume sensitivity and carry out risk-mitigating 
actions accordingly. They were evaluated using financial data from a total of 17 
manufacturing systems, and over 9,000 single financial data points were collected. 
This work is presented in detail in the two publications ‘Consideration of market 
demand volatility risks, when making manufacturing system investments’ and 
‘Production support model to manage market demand volatility risks’ [104], [105]. 

5.2.3 Conclusions on how manufacturing can contribute 
additional value inside the company 

To achieve greater benefits, the manufacturing system should be designed from a 
cross-functional and business value perspective instead of developing the system 
only focusing on the traditional operational targets, such as cost, quality and 
volume. The current design optimisation only finds a local maximum from a 
business value perspective. In Figure 17, a theoretical visual representation is 
shown to clarify the difference in local vs. global value maxima. 

 
Figure 17. Theoretical visual representation of optimised value. Local maxima based 
on traditional requirements, while a wider stakeholder approach can find a global 
maxima with greater business value. (Surface plot obtained from MathWorks® 
webpage [106].) 
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To be able to find a more global maximum that is better for the whole business, 
it is necessary to understand the influence that production has from a larger 
perspective. A proper cross-functional process map is required, which will differ 
from one company to another. However, it is clear that manufacturing can 
contribute value to other business functions. The product design and 
development process can be supported with flexibility and capacity for prototype 
manufacturing that can encourage product development. Applying strategies for 
make-AND-buy can strengthen multiple aspects of the business. The purchasing 
organisation with up-to-date knowledge of production capabilities and cost and 
product design and development has close to production capability competence. 
A visit-friendly factory can attract customers and increase sales, creating new 
revenue and not only being a cost in the company’s books. Visit-friendliness can 
also contribute to competence development, both internally and externally. 
Additionally, if engineering education were to encourage more frequent industrial 
visits and industry close projects, it would strengthen the quality of education on 
a national level. The value for almost all the examples given above is difficult to 
calculate and exactly determine up front. Therefore, the project decision process 
must allow for ambiguity and extend beyond the traditional objectives relating to 
cost, quality and volume. 

5.3 RQ3: How can the additional value perspective 
be incorporated into manufacturing practices? 

 

The manufacturing system development process has been developed over several 
decades into what it is today, so radically challenging it is bound to meet 

“This is the PhD student who is trying to change the world!” 

That is how a colleague once introduced me and my research. I could hear 
a certain scepticism in his voice, as if I had gone too big and wide in my 
research scope. However, changing the world had never been the ambition 
really, but I realised that he was perhaps not completely wrong. To 
challenge the short-term financial decision models, could I really 
demonstrate that this was not the best way? Could I scientifically prove that 
another way was better? 

If I wanted to make a change, I realised it was not going to be enough to 
present an alternative way. I needed to understand why we are doing what 
we are doing and what is preventing us from changing already. 
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resistance. This section presents findings on what is preventing us from doing 
things differently and highlights opportunities to make a change. It has been 
divided into three areas, each highlighting different perspectives: (1) the process 
model related to the manufacturing system development, which is instructing 
employees how to do things at companies, (2) project decisions and control structures 
controlling the manufacturing system development and (3) the operational aspects 
and key performance indicators (KPI), which dictate everyone’s operational focus. 

These three are all quite comprehensive and different from each other and will 
therefore be further detailed in the following three sections. Figure 18 detail which 
data contributes with understanding to which area. 

 
Figure 18. Details on what data contribute to which areas of interest for research 
question 3 (RQ3). 
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5.3.1 Process models 

Source of data 
Participation in the ‘Process Development Group’, workshop ‘Breakfast process’. 

Related publication 
Paper B: Process mapping in industry – the self-centred phenomenon and how it effect continuous 
improvements [107]. 

As the manufacturing system development activities are controlled through a 
process model, it felt necessary to gain a deeper understanding in the field of 
process modelling. The data for this originate from observational studies through 
longitudinal participation in the development group for the manufacturing system 
development process, described earlier in Chapter 4.1.2, ‘Participation in the 
‘process development group’’. The data also come from a small experimental 
workshop intended to test whether the way the process is modelled influences 
how it can be improved. This workshop is referred to as the ‘breakfast process’. 

One argument for working with process documentation is that it creates a 
framework for organisational learning. At companies that are process oriented, 
the important processes are often documented and visually represented as process 
flow diagrams, i.e. a process model. However, poor process models describing 
the manufacturing system development process can contribute to the lack of 
holistic awareness and cross-functional focus. The process models that were 
studied can be described as step-by-step guides looking at the ‘feet of the project’ 
and the next steps rather than lifting the project team’s eyes to look forward and 
create an understanding of the overall objectives. Objectives that can create cross-
functional value or external value are not included to any great extent as part of 
the development projects. To find an explanation of why the process has been 
modelled in this way, the background of one of the manufacturing system 
development models was explored at one of the companies. Old reports and 
process documentation from the 1990s were studied, for when the process was 
first established, it was complemented with interviews with key individuals that 
were part of this work. It became clear that the process model was initially 
developed to help the project manager with project management. The focus was 
initially on project administrative tasks throughout the project stages but over 
time grew to include a greater focus on the technical perspective as well. The 
process has now grown to include even more aspects and is today a 
comprehensive manual on how to administrate the project, what to consider, 
which area of competence to contact and involve, templates for documents, best 
practices from different parts of the company and much more. However, the 
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backbone of the process is still the same as when it was created: the ‘project 
manager’s project journey’. 

This project manager focus can be classified as a resource-oriented process, while 
in lean theories, there is a much greater focus on value and its related process 
flow. When it comes to discrete production, the flow and value are easier to see 
with physical products passing through the shop floor. Even though it is not as 
obvious in an administrative process, these also have one or several value flows. 
A small-scale workshop experiment was created to investigate the effect of a value 
flow-focused process map. The ‘breakfast process’ workshop was designed so 
that the processes could be mapped by anyone participating. This could handle 
the concept of a value flow process map on a smaller and more manageable scale 
rather than looking at the large manufacturing system development process. 
There would be differences between different people but still enough similarity 
to generate discussions. 

The results from the workshop demonstrated that if a process is mapped without 
any considerable formal process training, the process map will become self-
centred by the process modeller. This corresponds to many process models found 
at the company, for example the manufacturing system development process that 
has the ‘project manager’ perspective. This perspective is not wrong, but as the 
project manager will work on several different value flows passing through the 
project, it will be difficult to have transparency on what value is being delivered 
and how it relates to previous activities. When this process is improved and 
further developed, the workshop shows that it seems natural to work on 
improving the lead time for individual activities and the overall process time. For 
example, this can be achieved by reducing time, as this is the only clear and 
obvious aspect. Some sub-optimisation was noticed when activities were moved 
outside the scope of the process, and very few improvement discussions focused 
on the actual quality of the deliverables. 

The second workshop case was to develop a process that would be mapped from 
a value-objective perspective with multiple deliverables. This required some initial 
guidance and some light process training before the actual mapping of the process 
to move away from the natural self-centred perspective. The participants were 
asked to first identify what common value objectives the different activities during 
the morning contributed to. Once this was established, the new process models 
were then mapped in relation to each of these value objectives. This left the same 
process activities grouped together in several value-oriented sub-processes. This 
value-guided process mapping gave a much clearer understanding of the objective 
of the process. The identified objectives for the breakfast process were (1) be 
awake, (2) be representable, (3) have energy in body, (4) have mental balance and 
harmony, (5) have a planned day, (6) have home in the initial state (tidy) and (7) 
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be at work. These were quite easy to identify and agree upon and were not so 
remarkable. However, with this established, the workshop participants now had 
a clear joint focus towards which to aim their process modelling, creativity and 
problem solving. With a value objective-oriented process mapping approach, the 
link between activities and purpose also became more transparent. Clarity is 
typically recognised as beneficial in motivational theories when setting goals and 
objectives [108]. When each of these new sub-processes were analysed and 
improved, completely new attention was devoted to the quality of the process. 
There were still some improvements over time as waste was identified, but the 
discussions were predominantly held around how to achieve the best result. 
Another topic of discussion that was spontaneously initiated was whether the 
initially identified key value objectives were correctly formulated. Maybe to ‘have 
energy in the body’ is not a good enough objective; it should perhaps have read 
‘have energy in the body until lunch’. Again, this led to meaningful discussions 
about which food categories would be better suited to achieving this key value 
objective. There were some discussions on time optimisation as well, but far more 
innovative suggestions were proposed compared to the previous unguided 
workshops. If ‘have energy in the body until lunch’ is the value objective, it was 
suggested to eat less during the morning and instead eat several times before 
lunch. It was argued that this would be more time efficient during the morning 
process and perhaps also create a stable blood glucose level throughout the day. 

5.3.2 Project decisions and investment control 

Source of data 
Workshop ‘Sustainable Decisions’, workshop ‘Sustainable Purchasing’, four interviews 
‘Sustainability at Scania’, one interview ‘Industrial Control’, case studies ‘Development Project’. 

Related publications 
Paper C: Consideration of market demand volatility risk, when making manufacturing system 
investment [104]. 

Paper D: Production support model to manage market demand volatility risks [105]. 

To be able to expand the design scope for manufacturing systems, it is important 
to better understand how it is currently controlled. One key area examined is the 
decision process and other mechanisms of control in the process. This has been 
explored from a few different perspectives, which have jointly contributed to our 
understanding of how it is done today and how to introduce a more holistic 
perspective. 
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To shift the company’s focus to sustainability, different internal initiatives have 
transpired during the years of PhD studies. It has fortunately been possible to 
follow these, either through direct participation in workshops or by interviewing 
key individuals. The main purpose of these sustainability initiatives has been to 
challenge the traditional manufacturing system development process and current 
decision structures. As the decision structure is dominant in financial control, a 
representative from the department of industrial control was initially interviewed. 
The financial process related to manufacturing system development projects was 
reviewed during the interview. This is a parallel process to the one presented in 
Chapter 2.3.1, ‘Manufacturing system development at Scania’, and is related to 
securing finances, calculating return on investment and other administrative steps 
necessary to satisfy legal accounting requirements. 

One other source of data has been the two case studies (internal and external) 
previously described in Chapters 4.1.3, ‘Case studies—Development projects’. In 
the context of this chapter, it was specifically the decision aspects contributing 
new insights. Relevant data was obtained through the comprehensive archival 
analysis and the interviews. From these studies it became apparent that different 
aspects of control are managed in different way, in order to control the 
manufacturing system development output. The purchasing department 
constantly evaluates machine tool suppliers to ensure that a minimum standard is 
met on aspects such as corporate social responsibility (CSR) and financial stability. 
Commercial agreements are enclosed with purchasing orders to control the 
suppliers’ legal obligations. The manufacturing system development process 
execution is controlled through trained project managers, and the process itself is 
a tool intended to ensure that all aspects are covered and quality is built into the 
work. Looking at the evaluation and final decision, it looks as if this is control 
around two main aspects: (1) technical and (2) financial. To control the technical 
aspects of the manufacturing system, requirements are identified and documented 
in the requirement specifications. These aspects can be further categorised into 
two areas: base requirements, controlled through policies, standards, regulations and 
laws, and top requirements, controlled specifically by the project. The top 
requirements could, for example, be related to the product that will be 
manufactured and other project-specific targets. The base requirements do not 
normally need to be justified internally for each development project. Examples 
of these requirements are what control systems are needed to accommodate the 
machining centres to ensure integration with the existing automation system or 
ease of maintenance and spare parts rationale. Other requirements are related to 
legal aspects, such as maximum allowed noise levels and other health, safety and 
environmental aspects. The top requirements, however, are more functionally 
related and specific to the project. These are related to manufacturing objectives 
for quality and delivery performance. Generally, all requirements are specified as 
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a function to give the purchasing department more negotiation power and ensure 
design freedom for the supplier providing the system. However, when previous 
experience promotes a certain solution, the solution can be specified as a technical 
specific requirement. This is generally not desired by the purchasing organisation, 
as it tends to limit the number of possible suppliers to choose between. The power 
of negotiation is also reduced, and cost risks increase. 

As the final decision is financial, economic analysis becomes a key activity 
throughout the development project that also is a mechanism of control. Initially, 
the cost of the manufacturing system is estimated and financial commitments 
from the company is secured. This determines certain project directions and 
limitations. Later in the process, the supplier quotes are compared both 
technically and financially. However, if one supplier is technically preferable but 
at the same time more expensive, the technical advantage requires conversion into 
monetary value to make it possible to include it in the financial decision model. 
The less tangible aspects, such as competence development, possibility for future 
development and flexibility, are, through this strict financially oriented decision, 
left outside the formal decision process. However, as the case studies also 
revealed, even though the financial focused decision process is respected, it can 
be slightly circumvented when less financially tangible aspects were to be 
included. One way to do this is to ensure that the less tangible aspects are included 
as part of the initial specification of requirements. 

The financial models used are variants of return on investment (ROI), net present 
value (NPV) and similar traditional models [74]–[77]. There are project 
discussions of life cycle analyses (LCA), life cycle cost (LCC), total cost of 
ownership (TCO) and similar evaluations looking over a longer period of time 
[109]–[113]. However, as the financial models include an aggressive ‘time value of 
money’ aspect, long-term financial aspects are not greatly considered. To some 
degree, the long-term aspect can be found in technical control, where a certain 
technical solution has previously demonstrated beneficial results. It would then 
be included as a technical minimum requirement within the base requirement for 
all suppliers to fulfil at the beginning of the process. It is, therefore, important 
that organisational learning from projects and operational systems is incorporated 
into policies, standards and other regulatory documents as requirements for 
subsequent projects in the early stages. 

Looking specifically at the development case study for external value and the 
accessible factory, this study was more about understanding how these novel 
aspects had been incorporated into the project. Stakeholders that had been 
identified, requirement analysis and specification and whether there were any 
financial business cases related to these aspects were of interest. However, looking 
at the requirements related to visit friendliness, they were completely health- and 
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safety-oriented. The production operators had to be able to access their 
workstations safely, and the maintenance staff had to access different service 
points safely. The fact that the factory also became accessible to other internal 
and external stakeholders seemed rather coincidental. Throughout the project 
documentation analysis, no other reasons were found. However, interviews with 
members of the project team reveal that there had been (undocumented) 
conversations about the extended value of the visit friendliness. It was recognised 
that this could be valuable for different stakeholders. However, as the decision 
process was strongly financially oriented, they knew that it would require much 
work to justify the investment from these more innovative value chains. Using 
the argument for health and operator safety as the main driver, it required no 
additional financial justification, as this argument alone was enough. For other 
innovative design features that cannot be justified by the traditional means (cost, 
quality, volume) or legal aspects such as health and safety, it would be difficult to 
pursue these. 

5.3.3 Operational key performance indicators (KPI) 

Source of data 
Two interviews ‘Industrial Control’ (Engine/Gearbox), review and analysis of current practices 
and KPI reports. 

Related publication 
Paper E: Sustainable operations management through development of unit cost performance 
measurement [114]. 

The research behind this dissertation has mostly focused on the design and 
development of manufacturing systems. However, to find an understanding of 
what motivates these requirements, the operational aspect of the manufacturing 
system has also been reviewed. In addition, the industrial control department 
responsible for these reports was interviewed. One reason that the manufacturing 
system development objectives and requirements are traditionally focused around 
cost, quality and volume could be that these areas are also how the performance 
of the operational system is measured. Other areas of value, like cross-functional 
collaboration and customer visits, is not currently measured and evaluated. And 
as Drucker puts it in 1977 [115]: 

‘Unless we determine what shall be measured and what the yardstick of measurement in an 
area will be, the area itself will not be seen.’ 
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The operational key performance indicators (KPI) for several manufacturing 
systems have been studied in detail to obtain better insight. One aspect that was 
further examined and developed was how costs are considered. Once the 
manufacturing system is up and running, attention shifts from investment cost to 
operational cost. A typical operational KPI is ‘cost per produced product’. This 
KPI is typically volume dependent, as there is normally a significant presence of 
fixed costs. The product cost will therefore vary from period to period with 
changes in the production volume, without any actual difference in the 
performance of the system. This discrepancy between the KPI value and actual 
performance creates the risk that time and resources are spent analysing the cost 
data based on false signals of performance. 

To make the product cost monitoring more meaningful, some improvements 
were identified. If the conditions are the same, it is possible to predict the future 
based on historical data. Therefore, as manufacturing systems are often stable and 
larger structural changes are known to the organisation, it is possible to calculate 
the expected cost for any given production volume. As cost is composed of fixed 
and variable costs, these two aspects must be identified to be able to calculate the 
expected unit cost. In this example, the volume-dependent unit cost target is 
conveniently calculated using the Microsoft Excel functions ‘slope’ and ‘intercept’ 
to be able to mathematically calculate the theoretical fixed and variable cost 
elements (as described in the appended paper, ‘Sustainable operations 
management through development of unit cost performance measurement’ 
[114]). The function slope represents the variable cost, and the intercept 
represents the fixed cost. In the example in Figure 19, an expectancy target line 
was created based on the actual manufacturing volume for the specific month 
instead of using a horizontal line for a fixed unit cost target, which is currently 
used at the company. 

 
Figure 19. Proposed volume-dependent unit cost KPI target (red line). 
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Figure 19. Proposed volume-dependent unit cost KPI target (red line). 
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It is possible to decide how far back in time the data should stretch to calculate 
the statistical fixed cost and variable cost. In this example, six months of historical 
data were used. Additionally, depending on the ambitions of the company, this 
target can then be adjusted according to the desired state, i.e. if there is a desire 
to reduce cost, the curve can be adjusted downward to motivate improvements, 
or if the target is to maintain cost, the curve is left as is. To be able to compare 
one month with the previous months, it is also possible to include an expected 
theoretical cost for a predetermined benchmark volume that is the same for each 
month. This will show how the unit cost changes over time and whether there are 
trends. It is also possible to look at the calculated theoretical numbers for fixed 
and variable costs to analyse how these are changing over time. There could, 
perhaps, be initiatives to reduce the fixed costs to make the organisation less cost-
sensitive to changes in market demand and to use the ‘slope’ value as a KPI. 

In addition to monitoring the expected cost for a certain volume, it is also possible 
to monitor the deviation between the actual cost and the expected cost. Variation 
in the output is perfectly normal for all processes and will be expected here as 
well. By using statistical tools such as the control charts found in statistical process 
control (SPC) theory, it is possible to determine whether the observed deviation 
is within normal levels. The control chart tool provides a rule-based alarm system 
for when a deviation outside the stable statistical probability occurs and should 
trigger an investigation into why this occurred. In Figure 20, an example of this 
can be seen that is based on the same data used in Figure 19.  

 
Figure 20. Unit cost deviation from expected target, plotted in a control chart. 

The numbers plotted in Figure 20 represent the deviation between the actual unit 
cost and expected unit cost. In the graph, it is possible to see that each 
measurement is around the average value (grey line), and there is no variation 
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greater than what can be expected. Therefore, the cost can be considered stable 
from a statistical point of view. However, by applying some of the sensitising rules 
found in the statistical process control literature, the point for June is close to the 
two-sigma line, also known as the warning limit, which triggers alarm rule 10: 
‘One or more points near a warning or control limit’ [116]. Note, however, that 
in this case, the deviation is that the unit cost is lower than expected and might 
not require corrective actions, but the reason for a lower cost can also be of 
interest to understand. 

To approach the cost KPI in this alternative and less static way, the emphasis is 
placed on the value perspective. A statistically predictable and stable cost over 
time is more meaningful than monitoring the cost per product for every month. 
If high cost at low volume is of concern, the fixed cost needs to be addressed. If 
the benchmark cost per product is increasing, the variable cost needs to be 
addressed. 

5.3.4 Conclusions on how to incorporate the value 
perspective into manufacturing practices 

There are several opportunities for improvements, to enable this holistic 
stakeholder centred manufacturing system development approach. For starters, 
the related process models should be modelled with a value focus. Currently it is 
focused on “doing things right”, but with a focus on value objective it can also 
focus on “doing the right things” [117]. When a process is modelled it is important 
to first determine what the objectives are, what is the value with the process. 
Preferably the scope of the process should be extended beyond the individual and 
department, to achieve a more holistic perspective. Thereafter the process can be 
modelled in relationship to these new value objectives, one process model for 
each objective. This will ensure that the future improvements of the process will 
not lose sight of the purpose of the process. In additional, it is also easier to 
introduce new value objectives, as proposed in this dissertation. When the 
manufacturing system development process requires to address new requirements 
in the future, the process is already modelled in a flexible and modular way. 

The second aspect that has been studied is the way the manufacturing system 
development project is controlled and how decisions are being made. Currently 
there are many different aspects that are controlled in different ways. However, 
to make the development requirements more holistic and inclusive, the strong 
emphasis on financial control must give way for less measurable aspects. It would 
be beneficial to formally and widely acknowledge that there are long-term and less 
tangible aspects that also requires attention and analysis. Not every aspect 
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It is possible to decide how far back in time the data should stretch to calculate 
the statistical fixed cost and variable cost. In this example, six months of historical 
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Figure 20. Unit cost deviation from expected target, plotted in a control chart. 

The numbers plotted in Figure 20 represent the deviation between the actual unit 
cost and expected unit cost. In the graph, it is possible to see that each 
measurement is around the average value (grey line), and there is no variation 
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greater than what can be expected. Therefore, the cost can be considered stable 
from a statistical point of view. However, by applying some of the sensitising rules 
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proposed in this dissertation should be included as part of every manufacturing 
system development project. However, it should be consciously decided to 
consider an aspect or not. Stakeholders for each project should be identified, and 
the potential value the manufacturing system can deliver to be discussed. If an 
aspect is decided to be included in the final system, for example improved 
integration with the education system or a visit friendly factory, a strategic 
management decision can be made early. This ensure that each supplier interested 
in delivering the system include a solution in their initial quotes. 

Finally, to ensure that the valuable aspects are considered, the performance 
measurement system should also be expanded to be more inclusive of novel 
valuable aspects. Currently the performance metrices are mainly focused on the 
traditional aspect like cost, quality, volume and health, safety and environment, 
and what can easily be measured. To include less tangible aspects new strategies 
need to be applied. For example, if a valuable aspect cannot be easily measured, 
the focus can instead be shifted towards an activity that contributes to achieving 
the value. Furthermore, a change in the cost monitoring method is proposed to 
make it more valuable and less sensitive to volume changes. 

5.4 Summary of results 

The novel manufacturing system approach is summarised and visualised as a 
theoretical model/framework as seen in Figure 21. 

 
Figure 21. Manufacturing system delivery framework, with expanded stakeholder and 
value perspective. 
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The manufacturing system and related development process still originates from 
the manufacturing function. The primary value chain represented by a green 
arrow, also still reside at realising the manufactured products that the 
manufacturing company decided to make. Performance for this value chain will 
be as today, focusing on cost, quality and volume metrics. The receiver of this 
value are the primary paying customers, who are creating company revenue. 
However, the key difference is relating to the objectives of the manufacturing 
system, and the value delivery perspective. 

In addition to this traditional value chain, two new value chains have been 
introduced as secondary value chains, represented by the yellow and blue arrows. 
The yellow value chain focuses on those stakeholders that are outside the 
company, which is detailed above in Chapter 5.1, ‘RQ1: How can manufacturing 
contribute additional value outside the company?’. In this dissertation the focus 
resides around sustainability aspects contributing value globally to future 
generations and the academic partners in the educational system. However, the 
framework is not exclusive to these stakeholders as any collaborative partners or 
other external stakeholders can have an interest in the manufacturing system. 
These stakeholders need to be identified and the value chains analysed individually 
by the company adopting this approach and in relation to the manufacturing 
system being developed. 

The blue value chain focus on those stakeholders within the company, which is 
detailed above in Chapter 5.2, ‘RQ2: How can manufacturing contribute 
additional value inside the company?’. These internal stakeholders have in this 
dissertation focused on the typical company core functions, seen at the top of the 
figure. However, there are many other internal stakeholders that could be 
considered. These stakeholders need to be identified and the value chains analysed 
individually by the company adopting this approach and in relation to the 
manufacturing system being developed. 

The above Chapter 5.3, ‘RQ3: How can the additional value perspective be 
incorporated into manufacturing practices?’ is where the bigger challenge resides. 
The findings have been divided into three areas: (1) the process model related to the 
manufacturing system development, which is instructing employees how to do 
things at companies, (2) project decisions and control structures controlling the 
manufacturing system development and (3) the operational aspects and key performance 
indicators (KPI), which dictate everyone’s operational focus. 
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6 Discussion 

The results related to the first two main research questions address how the 
manufacturing system can contribute value beyond the traditional manufacturing 
value chain of product manufacturing. This challenges the current traditional 
manufacturing system objectives revolving around cost, quality and volume found 
in the existing literature. The results highlight good novel alternatives found in 
isolated instances in industry, where a more holistic approach has been used. This 
broader value of manufacturing systems has also been visualised in a theoretical 
framework. The framework focuses on the identification of additional 
manufacturing stakeholders, both external and internal to the company. This 
multiple stakeholder approach emphasises the need for new value chains that are 
not only focused on the product but that can achieve greater and longer-term 
business value. 

There are differences between this new framework and what is currently 
advocated by both the academic literature and common industrial practices. 
Currently, there is a strong overall emphasis on the paying customer and the 
profitability of the operation. This traditional view was also explicitly expressed 
during one interview in which a manufacturing manager emphasised that 
productivity and quality are the only success factors. Product quality is high on 
the list of priorities, followed by delivery precision, which are both focused on 
the paying customer. Together with the continuous striving to reduce cost, this 
assures a profitability that satisfies the owners and other investors. However, 
customers, owners and other investors are not the only stakeholders that are 
affected by how manufacturing systems and factories are designed. Having a 
wider and more strategic perspective all the way down to the specific system 
requirements can enable a more inclusive manufacturing system. In previous 
research, it has been recognised that manufacturing systems have strategic 
importance for companies. However, the focus still remains on the product and 
profitability aspect, as time to market, product flexibility and cost control are all 
also related to the traditional value flow. It does, however, emphasise the 
importance of manufacturing and that it is not only about making high-quality 
and cost-efficient products. The additional perspective this new framework 
contributes is the expansion of new manufacturing ‘customers’, or stakeholders, 
to use a term less associated with the paying customer. This emphasises even more 
the importance of the manufacturing function, both for the company and for the 
whole society.  
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To a large extent, this research has been conducted at one company and within 
the automotive industry in Sweden. Even though the framework has been 
developed to be quite generic and applicable to a wider audience, it cannot be 
denied that most of the data are still collected from one industry. However, the 
proposed theoretical framework is still quite generalisable. In fact, to think about 
multiple stakeholders and what additional value can be delivered is something that 
any process can benefit from. 

The examples given in this work are also formulated from a traditional 
organisational structure based on the product lifecycle. Other companies might 
not have the same internal functions, which require new individual value chain 
analyses for each company interested in adopting this approach. The major 
challenge that still lies ahead is determining how this framework can be 
implemented. One reason why financial decision models and current 
manufacturing system objectives are so strong today is because they are tangible 
and relatable. This new proposed framework is still a bit elusive and requires 
different decision strategies to be applied. Depending on the development 
project, it might also require some sacrifice to short-term profitability and return 
on investment. This requires strategic decisions to be made, both on a general 
level and individually at the project level. 

Another aspect that needs to be discussed is the scientific method itself, which 
underpins the results. Initially, in the PhD studies, the author leaned on a 
positivistic epistemology originating from his previous Master’s degree in 
engineering. It was not until later that it was realised that the knowledge 
development and data originated from a social scientific direction. The intention 
of the research was not to find an optimal way to conduct manufacturing system 
development. Instead, it was to shed light on something that was happening in 
the background of manufacturing, hidden away from the formal processes. It was 
explorative and interpretative and focused on both the current process and 
people’s behaviour. Since the beginning, notetaking, recordings of interviews and 
visual coding of data have been important. However, initially, these methods were 
intended as a means of finding a direction for further studies. The consequence 
of this is that the initial notes were not as rich and detailed as desired. Some 
interviews and data had to be disregarded from the dataset, and this significantly 
prolonged the PhD studies, as new data had to be recollected. However, the 
prolonged period of study also strengthened the work. It created the possibility 
of revalidating some of the initial findings, and the stability of the results was 
validated. 
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6.1 Ideas for future research 

The main contribution in this dissertation is the theoretical framework, which 
includes three stakeholder groups (customers, external and internal) and primary 
and secondary value chains. Although there are good examples found in industry 
and presented here, there is still room for further exploration of some key value 
chains. The traditional customer stakeholder is fairly explored and many 
researchers still focus on this primary value chain. Instead, there is a need for 
more in-depth studies of secondary value chains. It should not always be 
necessary to quantify the additional value, and this dissertation rather discourages 
it. However, it is also recognised that quantifiable value that also contribute 
directly to financial value are easier to justify and implement. If, for example, an 
improved customer visit experience can be correlated with increased sales, there 
is a higher chance that it will receive the attention it deserves. Furthermore, 
improved collaboration with external partners, such as universities, should 
generate measurable improvements in the recruitment process. However, this 
would require further longitudinal studies across different companies. 

Regarding the internal stakeholders, perhaps the strongest link exists between 
manufacturing and product design and development. The value of prototype 
manufacturing that could contribute to increased learning and a shorter time to 
market would also be interesting to do in-depth studies on. Examples of questions 
that need answering are as follows: What does the cross-functional value chain 
actually look like? How much shorter a lead time can be achieved? What learning 
does it contribute to, and what is required by the manufacturing system to 
facilitate this? The relationship between manufacturing and product design and 
the development department is currently receiving academic focus. However, as 
concurrent engineering focuses on shortening project lead times, it would be 
interesting to also look closer at the value chains between the functions. What is 
being achieved with the early involvement of the manufacturing function in the 
product design and development process? 

This research is focused on traditional organisational structures and the value 
chains that lie between them. Therefore, it would be interesting to identify value 
chains that are less related to the organisational structure. Much focus here lies 
on the product design, development and realisation process. However, which 
companies out there are far more innovative in their approach to running the 
company? For years, there have been discussions on how companies should move 
away from a functional structure towards a value-oriented structure. What does 
that look like in companies that have succeeded? The identification of companies 
that have come furthest in this journey, or new companies that started with a clean 
slate, would be interesting to study.  
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The concept of make-AND-buy between manufacturing and purchasing should 
also be explored both theoretically and practically. The common arguments found 
for make-OR-buy do not demonstrate a full comprehension of the value of the 
manufacturing system. This might be the reason why companies that have gone 
for outsourcing sometimes also end up resourcing. The hidden strategic synergies 
between the manufacturing function and both the purchasing and product design 
and development functions become more noticeable once one of the functions is 
removed. It becomes clearer that the performance of product design and 
development is dependent on the manufacturing competence possessed in-house. 
The performance of the manufacturing system is dependent on its connection to 
product design and development. Furthermore, the performance of the 
purchasing organisation also lies with the availability of both manufacturing 
competence and product design and development competence. More synergic 
and value-focused research on these three functions would contribute greatly to 
understanding these hidden value chains. 

When it comes to external stakeholders, there are also many areas where focused, 
in-depth studies can be conducted. These value chains are sometimes even further 
away from the traditional focus of manufacturing systems. Looking at the 
example of visit-friendly manufacturing systems to facilitate external cooperation, 
what does it actually mean? What kinds of features encourage and foster 
cooperation? One aspect is health and safety, as factories today are associated 
with risks. But where does this aspect need to apply? It is easy to make a restricted 
area safe, but where does it contribute the most value? Additionally, apart from a 
physically accessible factory, manufacturing data can also be made accessible. 
They can be used in student coursework to relate learning to something real but 
can also be used in research and development. With better insight into industrial 
challenges and limits, both through physical visits and accessible data, it will 
become possible to cooperate in more relevant areas—and particularly to address 
the major transformative challenge of sustainability. 
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7 Conclusions 

The development of manufacturing systems and how this should best be done is 
a complex and broad field of research. It is also dependent on what a company 
wishes to achieve. If the objective for the manufacturing system is to produce a 
high-quality product in the right volume and the lowest possible cost, then the 
current manufacturing strategies found in both companies and the literature are 
well developed and work well. At companies, typically project organisations are 
tailored to address these three objectives, and the final decision models have a 
traditional financial orientation to ensure short-term profitability with a quick 
return on investment (ROI). 

Looking forward, it is clear that new challenges and demands require the 
manufacturing system to address this in different ways. New requirements are 
also continuously coming from new stakeholders, both internally and externally 
to the company. Companies need to recognise that they are parts of larger 
systems, and the overall value can be improved by everyday actions. However, 
this does require change to both the current manufacturing systems in place and 
how new ones are being developed. Sustainability is the most noticeable demand, 
and sometimes the performance of the three other classical objectives needs to 
be disregarded. 

 

RQ1: How can manufacturing contribute additional value outside the 
company? 

External stakeholders cannot be completely defined and put on a definite list of 
organisations that should be considered for every manufacturing company. 
However, there are some groups of organisations that can be more easily justified 
for consideration during the development of manufacturing systems. The make-
or/and-buy process is one example in which a national agenda should be 
considered. If a specific technology is important for a country’s welfare, it should 
also be included in the decision process. The decisions at companies on what to 
make or not make can have a long-term impact on surrounding companies, higher 
education and the overall competence development of a region. This impact is 
difficult to quantify and include in traditional decision models. 
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this does require change to both the current manufacturing systems in place and 
how new ones are being developed. Sustainability is the most noticeable demand, 
and sometimes the performance of the three other classical objectives needs to 
be disregarded. 

 

RQ1: How can manufacturing contribute additional value outside the 
company? 

External stakeholders cannot be completely defined and put on a definite list of 
organisations that should be considered for every manufacturing company. 
However, there are some groups of organisations that can be more easily justified 
for consideration during the development of manufacturing systems. The make-
or/and-buy process is one example in which a national agenda should be 
considered. If a specific technology is important for a country’s welfare, it should 
also be included in the decision process. The decisions at companies on what to 
make or not make can have a long-term impact on surrounding companies, higher 
education and the overall competence development of a region. This impact is 
difficult to quantify and include in traditional decision models. 
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The first example of an external stakeholder is those in the education system, e.g. 
local schools, universities and even preschools. The value chain here is people and 
competence development, which is crucial to the survival of any company. This 
is more noticeable for companies located in remote areas, where it can be difficult 
to recruit. Interviewing staff at pre-school, primary school and university 
representatives reveals a consensus that integrating traditional learning with 
workplace integration is very interesting. Visits, learning at the workplace or even 
remotely accessed data are just a few examples of workplace integration in 
education. This can increase children’s or students’ curiosity about the technology 
and the student’s understanding of the teaching subject. However, bringing a class 
of children and students to an industrial factory does have challenges. Because 
the manufacturing system is not designed for these stakeholders, it is difficult to 
safely have external visitors on site. In Sweden, factory safety standards even make 
it prohibited for young children to enter the buildings on normal days. Therefore, 
a visit-friendly factory is an important enabler of this value chain. 

The education system is just one example of an external value chain. If the 
company starts asking external organisations and individuals, new examples will 
be identified. Generally, when it comes to these external stakeholders, there seems 
to be an emphasis on collaboration. 

 

RQ2: How can manufacturing contribute additional value inside the 
company? 

Some of the key identified internal stakeholders that would benefit from being 
part of the development process for manufacturing systems are the other core 
business functions, such as product design and development, purchasing, 
marketing, sales and service. However, there is no definite list of internal 
stakeholders, and they will differ from one company to another. If the 
manufacturing system can be designed to deliver value in new ways to new 
stakeholders without jeopardising the primary product delivery to paying 
customers, it will create an overall greater business value for the company. 

One already recognised cross-functional value chain that manufacturing is part of 
is the product design and development process. To a large degree, the 
manufacturing organisation is already involved in this value chain, providing 
product designers with tools such as Design for Manufacture/Assembly 
(DfM/DfA) and participating in product review meetings to share their 
manufacturing competence. However, the end goal with this involvement is 
largely focused on the traditional manufacturing objectives of product cost, 
quality and volume. In addition to these objectives, the manufacturing system can 
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also be designed to increase the innovation capacity and speed of product 
development through different means. Examples are flexibility in facilitating and 
encouraging future product development, providing prototype manufacturing 
services, providing operational data and more. Furthermore, an accessible and 
visit-friendly manufacturing system, which the product developer can more 
frequently visit, can increase the understanding of its capabilities and encourage 
further collaboration and dialogue, which results in better products for the 
customer. 

Another internal value chain that manufacturing can be part of to a greater extent 
is marketing (customer attraction) and sales. Making the manufacturing system 
more accessible and visit-friendly for customers makes it easier for the marketing 
and customer relationship departments to facilitate visits. Visit friendliness is the 
same enabler as in the product design and development value chain, meaning that 
this solution contributes to several value chains. Attracting customers and sales 
can also be done in other ways, and the material choice of the factory and 
increased manufacturing flexibility to offer customised products are just two 
other examples found in this research. 

A third example of an internal stakeholder is purchasing, which can benefit from 
closer collaboration with the manufacturing organisation. Instead of deciding on 
making a product or buying a product (the make-or-buy process), a strategic 
choice could instead be to both make-and-buy a product, which goes against the 
traditional arguments for the make-or-buy process. Maintaining some 
manufacturing capability for products that are primarily bought through 
purchasing will maintain the competence around the product. This gives the 
purchasing organisation negotiation power against suppliers, but it also gives 
product developers a better prerequisite for developing the next generation of 
products. 

 

RQ3: How can these additional value contributions be incorporated into 
manufacturing practices? 

Apart from legal requirements, the current objectives that manufacturing systems 
are designed around are related to product quality, production volume and to an 
acceptable cost. Cost plays a more important role in the decision process. Any 
additional aspects bringing extra value to the development project are primarily 
weighted as benefits against costs. The cost models used for decisions are often 
based on the traditional return on investment (ROI), and aspects such as the 
present value (PV) of future cash make it difficult to justify long-term benefits. 
Moreover, value that is currently intangible or difficult to translate into monetary 
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value cannot be included in the decision model. Additionally, as manufacturing 
system development objectives are based on the traditional and primary 
manufacturing value chain of producing products, the development process and 
project team are optimised for this purpose. This prevents and even blocks other 
value chains from being considered. 

To move beyond the traditional manufacturing objectives and include value 
chains relating to other stakeholders, both internally and externally, a few changes 
can be made. To start with, the development project objectives established at the 
beginning of a project must be expanded to be more holistic and consider wider 
business values. This points project teams in the right direction at the beginning, 
and the project teams can constitute competences to match these wider project 
expectations. 

Another improvement can be made to the development process at the company 
in the way it is modelled and documented. If the process model is value oriented, 
including secondary stakeholders and their related objectives, there will be an 
increased focus on what value to deliver and how to best deliver it. 
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9 Appendices 

9.1 Corporate Knights metrices 

The key performance indicators (KPI) included in the 2013 global 100 evaluation 
are [118]: 

Energy productivity: Revenue per gigajoule of energy consumption. 

Carbon productivity: Revenue per metric tonne of direct/indirect GHG 
emissions. 

Water productivity: Revenue per cubic metre of water withdrawal. 

Waste productivity: Revenue per metric tonne of waste produced. 

Percentage tax paid: Taxes paid in cash, as a percentage of EBITDA. 

Leadership diversity: Percentage of women on board of directors and in 
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Safety performance: Lost time injury rate and number of fatalities. 

Innovation capacity: R&D expenditure as a percentage of revenue. 

Employee turnover: Company’s employee turnover rate is calculated, then 
percent-ranked against that of the same industry group peers. 

Pension fund status: For applicable companies, Unfunded liabilities at year end 
2011 by market capitalization are divided by market capitalization at year end 
2011. This amount is then percent-ranked against that of all same-industry group 
peers within the CK coverage universe  
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9.2 EcoVadis metrices 

The sustainability assessment is based on 21 indicators within four themes: 

Environment 

Operations 
Energy Consumption & GHGs 
Water 
Biodiversity 
Local & Accidental Pollution 
Materials, Chemicals & Waste 

Products 
Product Use 
Product End-of-Life 
Customer Health & Safety 
Environmental Services & Advocacy 

Labor & Human Rights 

Human Resources  
Employee Health & Safety  
Working Conditions  
Social Dialogue  
Career Management & Training  

Human Resources  
Employee Health & Safety  
Working Conditions  
Social Dialogue  
Career Management & Training  

Ethics 

Corruption 

Anticompetitive Practices 

Responsible Information Management 

Sustainable Procurement 

Supplier Environmental Practices 

Supplier Social Practices  
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9.3 Dow Jones Sustainability Indices metrices 

The sustainability assessment is based on three main themes, split into 19 
subgroups and in total of 85 indicators: 

Economic Dimension 

Corporate Governance 
Board Structure 
Board Diversity Policy 
Board Gender Diversity 
Board Effectiveness 
Board Average Tenure 
Board Industry Experience 
CEO Compensation Success Metrics 
CEO Compensation Long-Term Performance Alignment 
Management Ownership 
Management Ownership Requirements 
Government Ownership 
Family Ownership 
Dual Class Shares 
CEO-to-Employee Pay Ratio 

Materiality 
Material Issues 
Materiality Disclosure 

Risk & Crisis Management 
Risk Governance 
Emerging Risks 
Risk Culture 

Codes of Business Conduct 
Codes of Conduct 
Codes of Conduct: Coverage 
Corruption & Bribery 
Code of Conduct: Systems/Procedures 
Anti-Competitive Practices 
Corruption & Bribery Cases 
Reporting on Breaches 

Customer Relationship Management 
Customer Satisfaction Measurement 
 

Policy Influence 
Contributions & Other Spending 
Largest Contributions & Expenditures 

Supply Chain Management 
Supplier Code of Conduct 
Critical Supplier Identification 
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Supply Chain Risk Exposure 
Supplier Risk Management Measures 
ESG Integration in SCM Strategy 
Supply Chain Transparency & Reporting 

Tax Strategy 
Tax Strategy and Governance 
Tax Reporting 
Effective Tax rate 

Information Security/Cybersecurity & System Availability 
IT Security/Cybersecurity Governance 
IT Security/ Cybersecurity Measures 
IT Security/ Cybersecurity Process & Infrastructure 

Environmental Dimension 

Environmental Reporting 
Environmental Reporting- Coverage 
Environmental Reporting- Assurance 

Environmental Policy & Management System 
Coverage of Environmental Management Policy 
EMS: Certification/ Audit/ Verification 

Operational Eco-Efficiency 
Direct Greenhouse Gas Emissions (Scope 1) 
Indirect Greenhouse Gas Emissions (Scope 2) 
Energy Consumption 
Water Consumption 
Waste Disposal 

Climate Strategy 
Climate Risk Management 
Climate-Related Management Incentives 
Climate Change Strategy 
Financial Risks of Climate Change 
Financial Opportunities Arising from Climate Change 
Climate Risk Assessment- Physical Risks 
Climate Risk Assessment- Transition Risks 
Physical Climate Risk Adaptation 
Climate-Related Targets 
Scope 3 GHG Emissions 

Social Dimension 

Social Reporting 
Social Reporting- Coverage 
Social Reporting- Assurance 

Labor Practice Indicators 
Discrimination & Harassment 
Workforce Breakdown: Gender 
Workforce Breakdown: Race/ Ethnicity & Nationality 
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Workforce Breakdown: Other Minorities 
Gender Pay Indicators 
Freedom of Association 

Human Rights 
Human Rights Commitment 
Human Rights Due Diligence Process 
Human Rights Assessment 
Human Rights Mitigation & Remediation 

Human Capital Development 
Training & Development Inputs 
Employee Development Programs 
Human Capital Return on Investment 

Talent Attraction &Retention 
Hiring 
People Analytics 
Strategic Workforce Planning 
Type of Individual Performance Appraisal 
Long-Term Incentives for Employees 
Employee Turnover Rate 
Trend of Employee Engagement 

Corporate Citizenship & Philanthropy 
Corporate Citizenship Strategy 
Type of Philanthropic Activities 
Philanthropic Contributions  
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9.4 UN Sustainability Development Goals metrices 

The UN Sustainability Development Goals are divided into 17 goals and 169 
targets. They are as follow: 

Goal 1. End poverty in all its forms everywhere 

1.1 By 2030, eradicate extreme poverty for all people everywhere, currently measured 
as people living on less than $1.25 a day 

1.2 By 2030, reduce at least by half the proportion of men, women and children of 
all ages living in poverty in all its dimensions according to national definitions 

1.3 Implement nationally appropriate social protection systems and measures for all, 
including floors, and by 2030 achieve substantial coverage of the poor and the 
vulnerable 

1.4 By 2030, ensure that all men and women, in particular the poor and the 
vulnerable, have equal rights to economic resources, as well as access to basic 
services, ownership and control over land and other forms of property, inheritance, 
natural resources, appropriate new technology and financial services, including 
microfinance 

1.5 By 2030, build the resilience of the poor and those in vulnerable situations and 
reduce their exposure and vulnerability to climate-related extreme events and other 
economic, social and environmental shocks and disasters 

1.a Ensure significant mobilization of resources from a variety of sources, including 
through enhanced development cooperation, in order to provide adequate and 
predictable means for developing countries, in particular least developed countries, 
to implement programmes and policies to end poverty in all its dimensions 

1.b Create sound policy frameworks at the national, regional and international levels, 
based on pro-poor and gender-sensitive development strategies, to support 
accelerated investment in poverty eradication actions 

Goal 2. End hunger, achieve food security and improved nutrition and 
promote sustainable agriculture 

2.1 By 2030, end hunger and ensure access by all people, in particular the poor and 
people in vulnerable situations, including infants, to safe, nutritious and sufficient 
food all year round 

2.2 By 2030, end all forms of malnutrition, including achieving, by 2025, the 
internationally agreed targets on stunting and wasting in children under 5 years of 
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age, and address the nutritional needs of adolescent girls, pregnant and lactating 
women and older persons 

2.3 By 2030, double the agricultural productivity and incomes of small-scale food 
producers, in particular women, indigenous peoples, family farmers, pastoralists and 
fishers, including through secure and equal access to land, other productive 
resources and inputs, knowledge, financial services, markets and opportunities for 
value addition and non-farm employment 

2.4 By 2030, ensure sustainable food production systems and implement resilient 
agricultural practices that increase productivity and production, that help maintain 
ecosystems, that strengthen capacity for adaptation to climate change, extreme 
weather, drought, flooding and other disasters and that progressively improve land 
and soil quality 

2.5 By 2020, maintain the genetic diversity of seeds, cultivated plants and farmed and 
domesticated animals and their related wild species, including through soundly 
managed and diversified seed and plant banks at the national, regional and 
international levels, and promote access to and fair and equitable sharing of benefits 
arising from the utilization of genetic resources and associated traditional knowledge, 
as internationally agreed 

2.a Increase investment, including through enhanced international cooperation, in 
rural infrastructure, agricultural research and extension services, technology 
development and plant and livestock gene banks in order to enhance agricultural 
productive capacity in developing countries, in particular least developed countries 

2.b Correct and prevent trade restrictions and distortions in world agricultural 
markets, including through the parallel elimination of all forms of agricultural export 
subsidies and all export measures with equivalent effect, in accordance with the 
mandate of the Doha Development Round 

2.c Adopt measures to ensure the proper functioning of food commodity markets 
and their derivatives and facilitate timely access to market information, including on 
food reserves, in order to help limit extreme food price volatility 

Goal 3. Ensure healthy lives and promote well-being for all at all ages 

3.1 By 2030, reduce the global maternal mortality ratio to less than 70 per 100,000 
live births 

3.2 By 2030, end preventable deaths of newborns and children under 5 years of age, 
with all countries aiming to reduce neonatal mortality to at least as low as 12 per 
1,000 live births and under-5 mortality to at least as low as 25 per 1,000 live births 
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age, and address the nutritional needs of adolescent girls, pregnant and lactating 
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3.1 By 2030, reduce the global maternal mortality ratio to less than 70 per 100,000 
live births 

3.2 By 2030, end preventable deaths of newborns and children under 5 years of age, 
with all countries aiming to reduce neonatal mortality to at least as low as 12 per 
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3.3 By 2030, end the epidemics of AIDS, tuberculosis, malaria and neglected tropical 
diseases and combat hepatitis, water-borne diseases and other communicable 
diseases 

3.4 By 2030, reduce by one third premature mortality from non-communicable 
diseases through prevention and treatment and promote mental health and well-
being 

3.5 Strengthen the prevention and treatment of substance abuse, including narcotic 
drug abuse and harmful use of alcohol 

3.6 By 2020, halve the number of global deaths and injuries from road traffic 
accidents 

3.7 By 2030, ensure universal access to sexual and reproductive health-care services, 
including for family planning, information and education, and the integration of 
reproductive health into national strategies and programmes 

3.8 Achieve universal health coverage, including financial risk protection, access to 
quality essential health-care services and access to safe, effective, quality and 
affordable essential medicines and vaccines for all 

3.9 By 2030, substantially reduce the number of deaths and illnesses from hazardous 
chemicals and air, water and soil pollution and contamination 

3.a Strengthen the implementation of the World Health Organization Framework 
Convention on Tobacco Control in all countries, as appropriate 

3.b Support the research and development of vaccines and medicines for the 
communicable and non-communicable diseases that primarily affect developing 
countries, provide access to affordable essential medicines and vaccines, in 
accordance with the Doha Declaration on the TRIPS Agreement and Public Health, 
which affirms the right of developing countries to use to the full the provisions in 
the Agreement on Trade-Related Aspects of Intellectual Property Rights regarding 
flexibilities to protect public health, and, in particular, provide access to medicines 
for all 

3.c Substantially increase health financing and the recruitment, development, training 
and retention of the health workforce in developing countries, especially in least 
developed countries and small island developing States 

3.d Strengthen the capacity of all countries, in particular developing countries, for 
early warning, risk reduction and management of national and global health risks 

Goal 4. Ensure inclusive and equitable quality education and promote 
lifelong learning opportunities for all 
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4.1 By 2030, ensure that all girls and boys complete free, equitable and quality 
primary and secondary education leading to relevant and effective learning outcomes 

4.2 By 2030, ensure that all girls and boys have access to quality early childhood 
development, care and pre-primary education so that they are ready for primary 
education 

4.3 By 2030, ensure equal access for all women and men to affordable and quality 
technical, vocational and tertiary education, including university 

4.4 By 2030, substantially increase the number of youth and adults who have 
relevant skills, including technical and vocational skills, for employment, decent jobs 
and entrepreneurship 

4.5 By 2030, eliminate gender disparities in education and ensure equal access to all 
levels of education and vocational training for the vulnerable, including persons with 
disabilities, indigenous peoples and children in vulnerable situations 

4.6 By 2030, ensure that all youth and a substantial proportion of adults, both men 
and women, achieve literacy and numeracy 

4.7 By 2030, ensure that all learners acquire the knowledge and skills needed to 
promote sustainable development, including, among others, through education for 
sustainable development and sustainable lifestyles, human rights, gender equality, 
promotion of a culture of peace and non-violence, global citizenship and 
appreciation of cultural diversity and of culture’s contribution to sustainable 
development 

4.a Build and upgrade education facilities that are child, disability and gender 
sensitive and provide safe, non-violent, inclusive and effective learning environments 
for all 

4.b By 2020, substantially expand globally the number of scholarships available to 
developing countries, in particular least developed countries, small island developing 
States and African countries, for enrolment in higher education, including vocational 
training and information and communications technology, technical, engineering and 
scientific programmes, in developed countries and other developing countries 

4.c By 2030, substantially increase the supply of qualified teachers, including through 
international cooperation for teacher training in developing countries, especially least 
developed countries and small island developing States 

Goal 5. Achieve gender equality and empower all women and girls 

5.1 End all forms of discrimination against all women and girls everywhere 

5.2 Eliminate all forms of violence against all women and girls in the public and 
private spheres, including trafficking and sexual and other types of exploitation 
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5.3 Eliminate all harmful practices, such as child, early and forced marriage and 
female genital mutilation 

5.4 Recognize and value unpaid care and domestic work through the provision of 
public services, infrastructure and social protection policies and the promotion of 
shared responsibility within the household and the family as nationally appropriate 

5.5 Ensure women’s full and effective participation and equal opportunities for 
leadership at all levels of decision-making in political, economic and public life 

5.6 Ensure universal access to sexual and reproductive health and reproductive rights 
as agreed in accordance with the Programme of Action of the International 
Conference on Population and Development and the Beijing Platform for Action 
and the outcome documents of their review conferences 

5.a Undertake reforms to give women equal rights to economic resources, as well as 
access to ownership and control over land and other forms of property, financial 
services, inheritance and natural resources, in accordance with national laws 

5.b Enhance the use of enabling technology, in particular information and 
communications technology, to promote the empowerment of women 

5.c Adopt and strengthen sound policies and enforceable legislation for the 
promotion of gender equality and the empowerment of all women and girls at all 
levels 

Goal 6. Ensure availability and sustainable management of water and 
sanitation for all 

6.1 By 2030, achieve universal and equitable access to safe and affordable drinking 
water for all 

6.2 By 2030, achieve access to adequate and equitable sanitation and hygiene for all 
and end open defecation, paying special attention to the needs of women and girls 
and those in vulnerable situations 

6.3 By 2030, improve water quality by reducing pollution, eliminating dumping and 
minimizing release of hazardous chemicals and materials, halving the proportion of 
untreated wastewater and substantially increasing recycling and safe reuse globally 

6.4 By 2030, substantially increase water-use efficiency across all sectors and ensure 
sustainable withdrawals and supply of freshwater to address water scarcity and 
substantially reduce the number of people suffering from water scarcity 

6.5 By 2030, implement integrated water resources management at all levels, 
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6.a By 2030, expand international cooperation and capacity-building support to 
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energy for all 

7.1 By 2030, ensure universal access to affordable, reliable and modern energy 
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8.3 Promote development-oriented policies that support productive activities, decent 
job creation, entrepreneurship, creativity and innovation, and encourage the 
formalization and growth of micro-, small- and medium-sized enterprises, including 
through access to financial services 

8.4 Improve progressively, through 2030, global resource efficiency in consumption 
and production and endeavour to decouple economic growth from environmental 



APPENDICES 

104 

5.3 Eliminate all harmful practices, such as child, early and forced marriage and 
female genital mutilation 

5.4 Recognize and value unpaid care and domestic work through the provision of 
public services, infrastructure and social protection policies and the promotion of 
shared responsibility within the household and the family as nationally appropriate 

5.5 Ensure women’s full and effective participation and equal opportunities for 
leadership at all levels of decision-making in political, economic and public life 

5.6 Ensure universal access to sexual and reproductive health and reproductive rights 
as agreed in accordance with the Programme of Action of the International 
Conference on Population and Development and the Beijing Platform for Action 
and the outcome documents of their review conferences 

5.a Undertake reforms to give women equal rights to economic resources, as well as 
access to ownership and control over land and other forms of property, financial 
services, inheritance and natural resources, in accordance with national laws 

5.b Enhance the use of enabling technology, in particular information and 
communications technology, to promote the empowerment of women 

5.c Adopt and strengthen sound policies and enforceable legislation for the 
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degradation, in accordance with the 10-Year Framework of Programmes on 
Sustainable Consumption and Production, with developed countries taking the lead 

8.5 By 2030, achieve full and productive employment and decent work for all 
women and men, including for young people and persons with disabilities, and equal 
pay for work of equal value 

8.6 By 2020, substantially reduce the proportion of youth not in employment, 
education or training 

8.7 Take immediate and effective measures to eradicate forced labour, end modern 
slavery and human trafficking and secure the prohibition and elimination of the 
worst forms of child labour, including recruitment and use of child soldiers, and by 
2025 end child labour in all its forms  

8.8 Protect labour rights and promote safe and secure working environments for all 
workers, including migrant workers, in particular women migrants, and those in 
precarious employment 

8.9 By 2030, devise and implement policies to promote sustainable tourism that 
creates jobs and promotes local culture and products 

8.10 Strengthen the capacity of domestic financial institutions to encourage and 
expand access to banking, insurance and financial services for all 

8.a Increase Aid for Trade support for developing countries, in particular least 
developed countries, including through the Enhanced Integrated Framework for 
Trade-related Technical Assistance to Least Developed Countries 

8.b By 2020, develop and operationalize a global strategy for youth employment and 
implement the Global Jobs Pact of the International Labour Organization 

Goal 9. Build resilient infrastructure, promote inclusive and sustainable 
industrialization and foster innovation  

9.1 Develop quality, reliable, sustainable and resilient infrastructure, including 
regional and transborder infrastructure, to support economic development and 
human well-being, with a focus on affordable and equitable access for all 

9.2 Promote inclusive and sustainable industrialization and, by 2030, significantly 
raise industry’s share of employment and gross domestic product, in line with 
national circumstances, and double its share in least developed countries 

9.3 Increase the access of small-scale industrial and other enterprises, in particular in 
developing countries, to financial services, including affordable credit, and their 
integration into value chains and markets 

9.4 By 2030, upgrade infrastructure and retrofit industries to make them sustainable, 
with increased resource-use efficiency and greater adoption of clean and 
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environmentally sound technologies and industrial processes, with all countries 
taking action in accordance with their respective capabilities 

9.5 Enhance scientific research, upgrade the technological capabilities of industrial 
sectors in all countries, in particular developing countries, including, by 2030, 
encouraging innovation and substantially increasing the number of research and 
development workers per 1 million people and public and private research and 
development spending 

9.a Facilitate sustainable and resilient infrastructure development in developing 
countries through enhanced financial, technological and technical support to African 
countries, least developed countries, landlocked developing countries and small 
island developing States 

9.b Support domestic technology development, research and innovation in 
developing countries, including by ensuring a conducive policy environment for, 
inter alia, industrial diversification and value addition to commodities 

9.c Significantly increase access to information and communications technology and 
strive to provide universal and affordable access to the Internet in least developed 
countries by 2020 

Goal 10. Reduce inequality within and among countries 

10.1 By 2030, progressively achieve and sustain income growth of the bottom 
40 per cent of the population at a rate higher than the national average 

10.2 By 2030, empower and promote the social, economic and political inclusion of 
all, irrespective of age, sex, disability, race, ethnicity, origin, religion or economic or 
other status 

10.3 Ensure equal opportunity and reduce inequalities of outcome, including by 
eliminating discriminatory laws, policies and practices and promoting appropriate 
legislation, policies and action in this regard 

10.4 Adopt policies, especially fiscal, wage and social protection policies, and 
progressively achieve greater equality 

10.5 Improve the regulation and monitoring of global financial markets and 
institutions and strengthen the implementation of such regulations 

10.6 Ensure enhanced representation and voice for developing countries in decision-
making in global international economic and financial institutions in order to deliver 
more effective, credible, accountable and legitimate institutions 

10.7 Facilitate orderly, safe, regular and responsible migration and mobility of 
people, including through the implementation of planned and well-managed 
migration policies 
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other status 

10.3 Ensure equal opportunity and reduce inequalities of outcome, including by 
eliminating discriminatory laws, policies and practices and promoting appropriate 
legislation, policies and action in this regard 

10.4 Adopt policies, especially fiscal, wage and social protection policies, and 
progressively achieve greater equality 

10.5 Improve the regulation and monitoring of global financial markets and 
institutions and strengthen the implementation of such regulations 

10.6 Ensure enhanced representation and voice for developing countries in decision-
making in global international economic and financial institutions in order to deliver 
more effective, credible, accountable and legitimate institutions 

10.7 Facilitate orderly, safe, regular and responsible migration and mobility of 
people, including through the implementation of planned and well-managed 
migration policies 
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10.a Implement the principle of special and differential treatment for developing 
countries, in particular least developed countries, in accordance with World Trade 
Organization agreements 

10.b Encourage official development assistance and financial flows, including 
foreign direct investment, to States where the need is greatest, in particular least 
developed countries, African countries, small island developing States and 
landlocked developing countries, in accordance with their national plans and 
programmes 

10.c By 2030, reduce to less than 3 per cent the transaction costs of migrant 
remittances and eliminate remittance corridors with costs higher than 5 per cent 

Goal 11. Make cities and human settlements inclusive, safe, resilient and 
sustainable 

11.1 By 2030, ensure access for all to adequate, safe and affordable housing and 
basic services and upgrade slums 

11.2 By 2030, provide access to safe, affordable, accessible and sustainable transport 
systems for all, improving road safety, notably by expanding public transport, with 
special attention to the needs of those in vulnerable situations, women, children, 
persons with disabilities and older persons 

11.3 By 2030, enhance inclusive and sustainable urbanization and capacity for 
participatory, integrated and sustainable human settlement planning and 
management in all countries 

11.4 Strengthen efforts to protect and safeguard the world’s cultural and natural 
heritage 

11.5 By 2030, significantly reduce the number of deaths and the number of people 
affected and substantially decrease the direct economic losses relative to global gross 
domestic product caused by disasters, including water-related disasters, with a focus 
on protecting the poor and people in vulnerable situations 

11.6 By 2030, reduce the adverse per capita environmental impact of cities, including 
by paying special attention to air quality and municipal and other waste management 

11.7 By 2030, provide universal access to safe, inclusive and accessible, green and 
public spaces, in particular for women and children, older persons and persons with 
disabilities 

11.a Support positive economic, social and environmental links between urban, peri-
urban and rural areas by strengthening national and regional development planning 

11.b By 2020, substantially increase the number of cities and human settlements 
adopting and implementing integrated policies and plans towards inclusion, resource 
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efficiency, mitigation and adaptation to climate change, resilience to disasters, and 
develop and implement, in line with the Sendai Framework for Disaster Risk 
Reduction 2015–2030, holistic disaster risk management at all levels 

11.c Support least developed countries, including through financial and technical 
assistance, in building sustainable and resilient buildings utilizing local materials 

Goal 12. Ensure sustainable consumption and production patterns 

12.1 Implement the 10-Year Framework of Programmes on Sustainable 
Consumption and Production Patterns, all countries taking action, with developed 
countries taking the lead, taking into account the development and capabilities of 
developing countries 

12.2 By 2030, achieve the sustainable management and efficient use of natural 
resources 

12.3 By 2030, halve per capita global food waste at the retail and consumer levels 
and reduce food losses along production and supply chains, including post-harvest 
losses 

12.4 By 2020, achieve the environmentally sound management of chemicals and all 
wastes throughout their life cycle, in accordance with agreed international 
frameworks, and significantly reduce their release to air, water and soil in order to 
minimize their adverse impacts on human health and the environment 

12.5 By 2030, substantially reduce waste generation through prevention, reduction, 
recycling and reuse 

12.6 Encourage companies, especially large and transnational companies, to adopt 
sustainable practices and to integrate sustainability information into their reporting 
cycle 

12.7 Promote public procurement practices that are sustainable, in accordance with 
national policies and priorities 

12.8 By 2030, ensure that people everywhere have the relevant information and 
awareness for sustainable development and lifestyles in harmony with nature 

12.a Support developing countries to strengthen their scientific and technological 
capacity to move towards more sustainable patterns of consumption and production 

12.b Develop and implement tools to monitor sustainable development impacts for 
sustainable tourism that creates jobs and promotes local culture and products 

12.c Rationalize inefficient fossil-fuel subsidies that encourage wasteful consumption 
by removing market distortions, in accordance with national circumstances, 
including by restructuring taxation and phasing out those harmful subsidies, where 
they exist, to reflect their environmental impacts, taking fully into account the 
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specific needs and conditions of developing countries and minimizing the possible 
adverse impacts on their development in a manner that protects the poor and the 
affected communities 

Goal 13. Take urgent action to combat climate change and its impacts3 

13.1 Strengthen resilience and adaptive capacity to climate-related hazards and 
natural disasters in all countries 

13.2 Integrate climate change measures into national policies, strategies and planning 

13.3 Improve education, awareness-raising and human and institutional capacity on 
climate change mitigation, adaptation, impact reduction and early warning 

13.a Implement the commitment undertaken by developed-country parties to the 
United Nations Framework Convention on Climate Change to a goal of mobilizing 
jointly $100 billion annually by 2020 from all sources to address the needs of 
developing countries in the context of meaningful mitigation actions and 
transparency on implementation and fully operationalize the Green Climate Fund 
through its capitalization as soon as possible 

13.b Promote mechanisms for raising capacity for effective climate change-related 
planning and management in least developed countries and small island developing 
States, including focusing on women, youth and local and marginalized communities 

Goal 14. Conserve and sustainably use the oceans, seas and marine 
resources for sustainable development 

14.1 By 2025, prevent and significantly reduce marine pollution of all kinds, in 
particular from land-based activities, including marine debris and nutrient pollution 

14.2 By 2020, sustainably manage and protect marine and coastal ecosystems to 
avoid significant adverse impacts, including by strengthening their resilience, and 
take action for their restoration in order to achieve healthy and productive oceans 

14.3 Minimize and address the impacts of ocean acidification, including through 
enhanced scientific cooperation at all levels 

14.4 By 2020, effectively regulate harvesting and end overfishing, illegal, unreported 
and unregulated fishing and destructive fishing practices and implement science-
based management plans, in order to restore fish stocks in the shortest time feasible, 
at least to levels that can produce maximum sustainable yield as determined by their 
biological characteristics 

14.5 By 2020, conserve at least 10 per cent of coastal and marine areas, consistent 
with national and international law and based on the best available scientific 
information 
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14.6 By 2020, prohibit certain forms of fisheries subsidies which contribute to 
overcapacity and overfishing, eliminate subsidies that contribute to illegal, 
unreported and unregulated fishing and refrain from introducing new such subsidies, 
recognizing that appropriate and effective special and differential treatment for 
developing and least developed countries should be an integral part of the World 
Trade Organization fisheries subsidies negotiation4 

14.7 By 2030, increase the economic benefits to small island developing States and 
least developed countries from the sustainable use of marine resources, including 
through sustainable management of fisheries, aquaculture and tourism 

14.a Increase scientific knowledge, develop research capacity and transfer marine 
technology, taking into account the Intergovernmental Oceanographic Commission 
Criteria and Guidelines on the Transfer of Marine Technology, in order to improve 
ocean health and to enhance the contribution of marine biodiversity to the 
development of developing countries, in particular small island developing States 
and least developed countries 

14.b Provide access for small-scale artisanal fishers to marine resources and markets 

14.c Enhance the conservation and sustainable use of oceans and their resources by 
implementing international law as reflected in the United Nations Convention on 
the Law of the Sea, which provides the legal framework for the conservation and 
sustainable use of oceans and their resources, as recalled in paragraph 158 of “The 
future we want” 

Goal 15. Protect, restore and promote sustainable use of terrestrial 
ecosystems, sustainably manage forests, combat desertification, and halt 
and reverse land degradation and halt biodiversity loss 

15.1 By 2020, ensure the conservation, restoration and sustainable use of terrestrial 
and inland freshwater ecosystems and their services, in particular forests, wetlands, 
mountains and drylands, in line with obligations under international agreements 

15.2 By 2020, promote the implementation of sustainable management of all types 
of forests, halt deforestation, restore degraded forests and substantially increase 
afforestation and reforestation globally 

15.3 By 2030, combat desertification, restore degraded land and soil, including land 
affected by desertification, drought and floods, and strive to achieve a land 
degradation-neutral world 

15.4 By 2030, ensure the conservation of mountain ecosystems, including their 
biodiversity, in order to enhance their capacity to provide benefits that are essential 
for sustainable development 
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15.5 Take urgent and significant action to reduce the degradation of natural habitats, 
halt the loss of biodiversity and, by 2020, protect and prevent the extinction of 
threatened species 

15.6 Promote fair and equitable sharing of the benefits arising from the utilization of 
genetic resources and promote appropriate access to such resources, as 
internationally agreed 

15.7 Take urgent action to end poaching and trafficking of protected species of flora 
and fauna and address both demand and supply of illegal wildlife products 

15.8 By 2020, introduce measures to prevent the introduction and significantly 
reduce the impact of invasive alien species on land and water ecosystems and control 
or eradicate the priority species 

15.9 By 2020, integrate ecosystem and biodiversity values into national and local 
planning, development processes, poverty reduction strategies and accounts 

15.a Mobilize and significantly increase financial resources from all sources to 
conserve and sustainably use biodiversity and ecosystems 

15.b Mobilize significant resources from all sources and at all levels to finance 
sustainable forest management and provide adequate incentives to developing 
countries to advance such management, including for conservation and reforestation 

15.c Enhance global support for efforts to combat poaching and trafficking of 
protected species, including by increasing the capacity of local communities to 
pursue sustainable livelihood opportunities 

Goal 16. Promote peaceful and inclusive societies for sustainable 
development, provide access to justice for all and build effective, 
accountable and inclusive institutions at all levels 

16.1 Significantly reduce all forms of violence and related death rates everywhere 

16.2 End abuse, exploitation, trafficking and all forms of violence against and torture 
of children 

16.3 Promote the rule of law at the national and international levels and ensure equal 
access to justice for all 

16.4 By 2030, significantly reduce illicit financial and arms flows, strengthen the 
recovery and return of stolen assets and combat all forms of organized crime 

16.5 Substantially reduce corruption and bribery in all their forms 

16.6 Develop effective, accountable and transparent institutions at all levels 

16.7 Ensure responsive, inclusive, participatory and representative decision-making 
at all levels 
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16.8 Broaden and strengthen the participation of developing countries in the 
institutions of global governance 

16.9 By 2030, provide legal identity for all, including birth registration 

16.10 Ensure public access to information and protect fundamental freedoms, in 
accordance with national legislation and international agreements 

16.a Strengthen relevant national institutions, including through international 
cooperation, for building capacity at all levels, in particular in developing countries, 
to prevent violence and combat terrorism and crime 

16.b Promote and enforce non-discriminatory laws and policies for sustainable 
development 

Goal 17. Strengthen the means of implementation and revitalize the 
Global Partnership for Sustainable Development 

Finance 

17.1 Strengthen domestic resource mobilization, including through international 
support to developing countries, to improve domestic capacity for tax and other 
revenue collection 

17.2 Developed countries to implement fully their official development assistance 
commitments, including the commitment by many developed countries to achieve 
the target of 0.7 per cent of gross national income for official development 
assistance (ODA/GNI) to developing countries and 0.15 to 0.20 per cent of 
ODA/GNI to least developed countries; ODA providers are encouraged to 
consider setting a target to provide at least 0.20 per cent of ODA/GNI to least 
developed countries 

17.3 Mobilize additional financial resources for developing countries from multiple 
sources 

17.4 Assist developing countries in attaining long-term debt sustainability through 
coordinated policies aimed at fostering debt financing, debt relief and debt 
restructuring, as appropriate, and address the external debt of highly indebted poor 
countries to reduce debt distress 

17.5 Adopt and implement investment promotion regimes for least developed 
countries 

Technology 

17.6 Enhance North-South, South-South and triangular regional and international 
cooperation on and access to science, technology and innovation and enhance 
knowledge-sharing on mutually agreed terms, including through improved 
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coordination among existing mechanisms, in particular at the United Nations level, 
and through a global technology facilitation mechanism 

17.7 Promote the development, transfer, dissemination and diffusion of 
environmentally sound technologies to developing countries on favourable terms, 
including on concessional and preferential terms, as mutually agreed 

17.8 Fully operationalize the technology bank and science, technology and 
innovation capacity-building mechanism for least developed countries by 2017 and 
enhance the use of enabling technology, in particular information and 
communications technology 

Capacity-building 

17.9 Enhance international support for implementing effective and targeted 
capacity-building in developing countries to support national plans to implement all 
the Sustainable Development Goals, including through North-South, South-South 
and triangular cooperation 

Trade 

17.10 Promote a universal, rules-based, open, non-discriminatory and equitable 
multilateral trading system under the World Trade Organization, including through 
the conclusion of negotiations under its Doha Development Agenda 

17.11 Significantly increase the exports of developing countries, in particular with a 
view to doubling the least developed countries’ share of global exports by 2020 

17.12 Realize timely implementation of duty-free and quota-free market access on a 
lasting basis for all least developed countries, consistent with World Trade 
Organization decisions, including by ensuring that preferential rules of origin 
applicable to imports from least developed countries are transparent and simple, and 
contribute to facilitating market access 

Systemic issues 

Policy and institutional coherence 

17.13 Enhance global macroeconomic stability, including through policy 
coordination and policy coherence 

17.14 Enhance policy coherence for sustainable development 

17.15 Respect each country’s policy space and leadership to establish and implement 
policies for poverty eradication and sustainable development 

Multi-stakeholder partnerships 

17.16 Enhance the Global Partnership for Sustainable Development, complemented 
by multi-stakeholder partnerships that mobilize and share knowledge, expertise, 
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technology and financial resources, to support the achievement of the Sustainable 
Development Goals in all countries, in particular developing countries 

17.17 Encourage and promote effective public, public-private and civil society 
partnerships, building on the experience and resourcing strategies of partnerships 

Data, monitoring and accountability 

17.18 By 2020, enhance capacity-building support to developing countries, including 
for least developed countries and small island developing States, to increase 
significantly the availability of high-quality, timely and reliable data disaggregated by 
income, gender, age, race, ethnicity, migratory status, disability, geographic location 
and other characteristics relevant in national contexts 

17.19 By 2030, build on existing initiatives to develop measurements of progress on 
sustainable development that complement gross domestic product, and support 
statistical capacity-building in developing countries. 
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Abstract 

When designing and developing manufacturing systems, many aspects need to be considered. Typically, the manufacturing design 
objectives are specified to achieve certain operational requirements around quality, capacity, cost etc. They are also specified with 
the intention to ensure efficient processes related to manufacturing, such as maintenance, logistics, not to mention the main process 
of manufacturing the actual part. This study proposes that a wider company perspective should be considered during manufacturing 
system design, to achieve a greater business value. The manufacturing system should be designed to create value to other core 
business processes, such as product development, marketing, sales and services. This paper also presents examples on value 
perspectives to consider and how this approach can be implemented. 
© 2016 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of Professor Lihui Wang. 
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1. Introduction 

When developing and designing any form of system there 
will always be certain requirements and constraints that set the 
frame for the designer. During manufacturing development, 
operational targets such as quality, capacity and cost are used 
to specify the development goals. Looking at manufacturing 
development literature, different authors have different focus 
areas [1, 2]. One reason for this might be because different 
industries have different foci, as for example high volume 
manufacturing must focus their attention to flow, reliable and 
predictable systems, whereas low volume manufacturing with 
expensive products instead focus on high quality and handling 
to prevent damage. Whichever manufacturing industry looked 
at, the traditional functional organisation is still strong [3]. 
Typically, functions like research and development, marketing, 
sales, manufacturing engineering, operations, aftermarket, 
human resources etc. all have their individual strategies and 
goals of which aim to optimise and trim that specific function 
[3]. Therefore, when the manufacturing engineering 
department initiates a development project, naturally the 
requirements for this project will dominantly focus on the 
operational characteristics to which these individuals can 

relate. The risk is that these operational requirements become 
sub-optimised if looked from a company perspective, and 
might even be counter-productive to the goals and targets of 
other functions within the company. For a company to be 
competitive, performance of the company consists of more than 
just the financial aspect and simplified models based on one 
department’s view [4]. Other areas that are not directly related 
to a financial transaction, or at least difficult to evaluate in 
financial terms, are often left out from the formal decision 
point. Common decision models like Net present value (NPV), 
Return of Investment (ROI), or Life Cycle Cost (LCC) are only 
based on a few aspects, and do not really support a value 
oriented view point. So decisions based on these traditional 
financial evaluations fall short. 

The organisational structure itself is also affecting how these 
decisions can be made and what viewpoint to use when 
investing in new equipment. The challenges and downfalls with 
functional organisations have been covered extensively since 
the Business Process Orientation (BPO) emerged in the 
eighties [5]. The concept of BPO originated from Porter in 
1985 and was further developed by Deming, but many other 
authors have contributed to the collective framework that has 
been reached today [6, 7, 8, 9]. Kohlbacher (2010) has done a 
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literature review of the effects of structuring organisations into 
process orientation, which shows that there are links to 
improved product quality, reduced lead-time and improved 
customer satisfaction [10]. 

The most widely used standard today that deals with process 
orientation is ISO 9001, Quality Management System. Even 
though many companies today are ISO 9001 certified with the 
clear process orientation as a requirement, the companies are 
still often functionally organised. To overcome some of the 
challenges with this functional orientation, additional 
temporary cross-functional teams and projects are introduced 
rather than completely reengineer the whole company 
structure. 

The purpose of this study is to investigate how a focus on 
business value and process orientation can affect the design of 
manufacturing systems, within functional orientated 
companies. The intention is also to give concrete examples of 
how these value chains between core processes can look like. 

2. Methods 

The approach in this study has been divided into three steps. 
In the first step, potential core business processes were 
identified and established. During the second step, examples of 
value delivered by the manufacturing system were discussed. 
Finally, the last step focused on how to practically introduce 
this approach during manufacturing system investment projects 
at companies. 

The companies selected for this study consist of a selection 
of the 100 largest companies by revenue in Sweden [11]. 
Companies within the manufacturing segment have been 
shortlisted, and out of these, the 15 largest companies were 
included in the survey. 

2.1. Establishing core business processes 

The first step of this study was to establish the core business 
processes. When a process is described and modelled at 
different companies there will be different approaches and 
areas of interest. The perspective, scope, annotation and level 
of details are just a few aspects, which will affect the final 
models and make them rather unique. Furthermore, the 
competence of the process modeller will have a big impact on 
the result, which Rosemann (2006) suggests is one of the 
biggest issues in the field of business process modelling [12]. 
Therefore, rather than looking within the companies to 
establish core business processes, an external study has been 
conducted to obtain high-level generic processes, easier to 
compare. 

Since the process approach is one of the ISO 9001 quality 
management principle (QMP), it is required by the company to 
specify which processes they intend to certify [13]. Once the 
certifying body grants the certificate, the scope of the certificate 
specifies these “main processes for its product realisation or 
service delivery activities” [14]. Therefore, the scope was used 
as a main source of data to establish what core processes the 
company considered having. As there are different certifying 

bodies for the ISO 9001, there is not one location for where the 
certificates can be found. However, most companies openly 
publish their certificates on the public domain, which made it 
available for this study. 

Another source to identify the companies’ core processes, is 
the annual financial report. It sometimes specifically specifies 
the business models and processes around it, while at other 
times it can be rather ambiguously found in the text if read 
carefully. The company structure can also reveal the core 
processes, because the processes have been used to dictate the 
organisation. These companies are good examples of truly 
process-orientated organisations. The annual report has also 
been used to find the ISO 9001 certificate that represents the 
larger part of the company, as smaller individual business areas 
within the company also have their own certificates. 

The next step of the study was to organise and sort the 
collected data, to be able to define core processes. Different 
criteria for what to look for and how to sort the documentation 
was established, and their core processes were identified and 
documented. 

2.2. Analyses of business value through manufacturing 
systems 

The second step in this study was to discuss, reason and 
elaborate how the manufacturing systems can contribute with 
value to the other identified core business processes. Each 
process identified within the companies was analysed from the 
basis on how the manufacturing system can provide value. The 
analysis is based on semi-structured interviews with 
representatives from some of the selected business processes. 
In addition, observations from industry, where examples can be 
found, were used as input together with the authors’ combined 
experience in the field of manufacturing engineering. 

2.3. Implementation of manufacturing system design for 
business value 

The last step in this study gives examples on how to 
practically start incorporating manufacturing system design for 
business value (DFBV) into development projects. This is not 
intended to be an exclusive method proven to be the best, but 
rather based on a general approach, observation and 
experiences of the authors. 

 

3. Results and analyses 

Based on the ISO 9001 certificates and the annual reports of 
the selected companies, a number of core business processes 
could be identified. There is a large proportion of the studied 
companies that all have the same core business processes. 
These are predominantly (1) Design, (2) Development, (3) 
Purchasing, (4) Manufacturing, (5) Sales and (6) Marketing. A 
number of companies also included (7) Service, but only one 
interesting company has (8) Recycling of their own products as 
a core business processes (see figure 1). This shows, perhaps 
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not surprisingly, that large Swedish manufacturing companies 
have multiple core business processes, and that there are many 
similarities between the companies. All processes are equally 
important for business success, similar to links of a chain. 
However, even though the importance of process orientation is 
recognised as beneficial in both industry and academia, it often 
still appears that companies’ internal organisation is structured 
functionally. Additionally, experience shows that organisation 
and people only stretch their main scope of responsibility to the 
boarder of their function or sub-organisation. A functional 
structured organisation creates functionally optimised 
departments. However, what might be optimised for one 
function might give a negative effect on another function, 
causing sub-optimisation. The phenomenon of sub-
optimisation is well recognised, but still it seems difficult to 
counteract. Particularly within large and complex organisations 
with many specialised departments or even individuals. If a 
company wants to maintain a functional structure, individuals 
within the function must look beyond the natural scope of 
responsibility for the overall business to become more 
profitable and competitive. However, without the processes 
clearly documented, long experience is required or in other 
ways a good understanding and insight on how different 
functions relate and interact. 

During manufacturing development, the objectives are to 
achieve certain targets mainly associated to the manufacturing 
organisation, i.e. cost, quality and capacity. However, if other 
processes’ objectives also were included, an even greater 
company-wide benefit could be achieved, sometimes with no 
extra effort. The following chapters will elaborate on these 
value chains. 

3.1. Improved product design 

The first core business process, (1) Design, can definitely 
benefit directly from a closer collaboration with the 
manufacturing related functions. Two important and valuable 
aspects of having accessible manufacturing facilities, are the 
possibilities to better facilitate internal visits and other forms of 
collaboration. Design engineers located away from the 

manufacturing facility, can increase their manufacturing 
awareness. By doing so, they can improve and adapt the new 
product design to better fit current manufacturing systems, 
shortening time to market and cost. 

Furthermore, if the design engineers and the developers 
collaborate with the manufacturing functions, a quicker 
feedback loop can be established. New concepts can be 
discussed with the manufacturing engineers and potential 
problems identified earlier. The earlier a problem is identified 
the lower the cost is for change in the development product. 
This is a well-established phenomenon, at least within software 
development, but many kind of development projects follow 
the same trend, see figure 2 [15]. 

It is also beneficial to be able to make the prototypes directly 
in the actual manufacturing line instead of investing in 
dedicated prototype systems or even at an external supplier 
specialised on prototypes. If it is possible to iterate the 
prototypes internally and obtain input from actual 
manufacturing system, it would give much more feedback into 
the further development on how to improve design for 
manufacturing (DFM) and design for assembly (DFA). This 
would result in reduced cost and the design time should be 
possible to decrease. Costs for alterations and updates of the 
current manufacturing lines could also be avoided or 
minimised. However, to be able to make development parts in 
the operational manufacturing systems, a surplus of capacity, 
flexibility in tools, fixtures as well in the programming will be 
required. This would perhaps also disturb the manufacturing 
line through stops and introduce risks of different kinds, but 
holistically on a business level, it would likely contribute to 
increased total value if managed correctly. As seen during the 
study, it seems easier to manage prototypes in assembly lines 
where the work is predominantly carried out through manual 
labour, compared with automated systems configured for the 
known serial products. It seems also common to use dedicated 
prototype lines to reduce risk for disruption, but by doing so 
certain serial line aspects will be missed. 

There is potentially much more that the manufacturing 
functions can contribute with to improve the product design 
and development process. However, if manufacturing 
developers are asked if they work together with the product 
designers, the answer will most likely be yes. As part of the 
today common cross-functional teams, there will be 

Figure 1. Core business processes at manufacturing companies. 
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literature review of the effects of structuring organisations into 
process orientation, which shows that there are links to 
improved product quality, reduced lead-time and improved 
customer satisfaction [10]. 

The most widely used standard today that deals with process 
orientation is ISO 9001, Quality Management System. Even 
though many companies today are ISO 9001 certified with the 
clear process orientation as a requirement, the companies are 
still often functionally organised. To overcome some of the 
challenges with this functional orientation, additional 
temporary cross-functional teams and projects are introduced 
rather than completely reengineer the whole company 
structure. 

The purpose of this study is to investigate how a focus on 
business value and process orientation can affect the design of 
manufacturing systems, within functional orientated 
companies. The intention is also to give concrete examples of 
how these value chains between core processes can look like. 

2. Methods 

The approach in this study has been divided into three steps. 
In the first step, potential core business processes were 
identified and established. During the second step, examples of 
value delivered by the manufacturing system were discussed. 
Finally, the last step focused on how to practically introduce 
this approach during manufacturing system investment projects 
at companies. 

The companies selected for this study consist of a selection 
of the 100 largest companies by revenue in Sweden [11]. 
Companies within the manufacturing segment have been 
shortlisted, and out of these, the 15 largest companies were 
included in the survey. 

2.1. Establishing core business processes 

The first step of this study was to establish the core business 
processes. When a process is described and modelled at 
different companies there will be different approaches and 
areas of interest. The perspective, scope, annotation and level 
of details are just a few aspects, which will affect the final 
models and make them rather unique. Furthermore, the 
competence of the process modeller will have a big impact on 
the result, which Rosemann (2006) suggests is one of the 
biggest issues in the field of business process modelling [12]. 
Therefore, rather than looking within the companies to 
establish core business processes, an external study has been 
conducted to obtain high-level generic processes, easier to 
compare. 

Since the process approach is one of the ISO 9001 quality 
management principle (QMP), it is required by the company to 
specify which processes they intend to certify [13]. Once the 
certifying body grants the certificate, the scope of the certificate 
specifies these “main processes for its product realisation or 
service delivery activities” [14]. Therefore, the scope was used 
as a main source of data to establish what core processes the 
company considered having. As there are different certifying 

bodies for the ISO 9001, there is not one location for where the 
certificates can be found. However, most companies openly 
publish their certificates on the public domain, which made it 
available for this study. 

Another source to identify the companies’ core processes, is 
the annual financial report. It sometimes specifically specifies 
the business models and processes around it, while at other 
times it can be rather ambiguously found in the text if read 
carefully. The company structure can also reveal the core 
processes, because the processes have been used to dictate the 
organisation. These companies are good examples of truly 
process-orientated organisations. The annual report has also 
been used to find the ISO 9001 certificate that represents the 
larger part of the company, as smaller individual business areas 
within the company also have their own certificates. 

The next step of the study was to organise and sort the 
collected data, to be able to define core processes. Different 
criteria for what to look for and how to sort the documentation 
was established, and their core processes were identified and 
documented. 

2.2. Analyses of business value through manufacturing 
systems 

The second step in this study was to discuss, reason and 
elaborate how the manufacturing systems can contribute with 
value to the other identified core business processes. Each 
process identified within the companies was analysed from the 
basis on how the manufacturing system can provide value. The 
analysis is based on semi-structured interviews with 
representatives from some of the selected business processes. 
In addition, observations from industry, where examples can be 
found, were used as input together with the authors’ combined 
experience in the field of manufacturing engineering. 

2.3. Implementation of manufacturing system design for 
business value 

The last step in this study gives examples on how to 
practically start incorporating manufacturing system design for 
business value (DFBV) into development projects. This is not 
intended to be an exclusive method proven to be the best, but 
rather based on a general approach, observation and 
experiences of the authors. 

 

3. Results and analyses 

Based on the ISO 9001 certificates and the annual reports of 
the selected companies, a number of core business processes 
could be identified. There is a large proportion of the studied 
companies that all have the same core business processes. 
These are predominantly (1) Design, (2) Development, (3) 
Purchasing, (4) Manufacturing, (5) Sales and (6) Marketing. A 
number of companies also included (7) Service, but only one 
interesting company has (8) Recycling of their own products as 
a core business processes (see figure 1). This shows, perhaps 
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not surprisingly, that large Swedish manufacturing companies 
have multiple core business processes, and that there are many 
similarities between the companies. All processes are equally 
important for business success, similar to links of a chain. 
However, even though the importance of process orientation is 
recognised as beneficial in both industry and academia, it often 
still appears that companies’ internal organisation is structured 
functionally. Additionally, experience shows that organisation 
and people only stretch their main scope of responsibility to the 
boarder of their function or sub-organisation. A functional 
structured organisation creates functionally optimised 
departments. However, what might be optimised for one 
function might give a negative effect on another function, 
causing sub-optimisation. The phenomenon of sub-
optimisation is well recognised, but still it seems difficult to 
counteract. Particularly within large and complex organisations 
with many specialised departments or even individuals. If a 
company wants to maintain a functional structure, individuals 
within the function must look beyond the natural scope of 
responsibility for the overall business to become more 
profitable and competitive. However, without the processes 
clearly documented, long experience is required or in other 
ways a good understanding and insight on how different 
functions relate and interact. 

During manufacturing development, the objectives are to 
achieve certain targets mainly associated to the manufacturing 
organisation, i.e. cost, quality and capacity. However, if other 
processes’ objectives also were included, an even greater 
company-wide benefit could be achieved, sometimes with no 
extra effort. The following chapters will elaborate on these 
value chains. 

3.1. Improved product design 

The first core business process, (1) Design, can definitely 
benefit directly from a closer collaboration with the 
manufacturing related functions. Two important and valuable 
aspects of having accessible manufacturing facilities, are the 
possibilities to better facilitate internal visits and other forms of 
collaboration. Design engineers located away from the 

manufacturing facility, can increase their manufacturing 
awareness. By doing so, they can improve and adapt the new 
product design to better fit current manufacturing systems, 
shortening time to market and cost. 

Furthermore, if the design engineers and the developers 
collaborate with the manufacturing functions, a quicker 
feedback loop can be established. New concepts can be 
discussed with the manufacturing engineers and potential 
problems identified earlier. The earlier a problem is identified 
the lower the cost is for change in the development product. 
This is a well-established phenomenon, at least within software 
development, but many kind of development projects follow 
the same trend, see figure 2 [15]. 

It is also beneficial to be able to make the prototypes directly 
in the actual manufacturing line instead of investing in 
dedicated prototype systems or even at an external supplier 
specialised on prototypes. If it is possible to iterate the 
prototypes internally and obtain input from actual 
manufacturing system, it would give much more feedback into 
the further development on how to improve design for 
manufacturing (DFM) and design for assembly (DFA). This 
would result in reduced cost and the design time should be 
possible to decrease. Costs for alterations and updates of the 
current manufacturing lines could also be avoided or 
minimised. However, to be able to make development parts in 
the operational manufacturing systems, a surplus of capacity, 
flexibility in tools, fixtures as well in the programming will be 
required. This would perhaps also disturb the manufacturing 
line through stops and introduce risks of different kinds, but 
holistically on a business level, it would likely contribute to 
increased total value if managed correctly. As seen during the 
study, it seems easier to manage prototypes in assembly lines 
where the work is predominantly carried out through manual 
labour, compared with automated systems configured for the 
known serial products. It seems also common to use dedicated 
prototype lines to reduce risk for disruption, but by doing so 
certain serial line aspects will be missed. 

There is potentially much more that the manufacturing 
functions can contribute with to improve the product design 
and development process. However, if manufacturing 
developers are asked if they work together with the product 
designers, the answer will most likely be yes. As part of the 
today common cross-functional teams, there will be 

Figure 1. Core business processes at manufacturing companies. 
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collaboration across the functional borders. For example, the 
product designer will already work with methodologies like 
DFM and DFA. Similarly, when designing manufacturing 
systems, a degree of flexibility will likely be introduced to 
manage future product changes. However, even if the 
manufacturing system is designed to reduce product design 
constrains through flexibility, the driving force during 
manufacturing development still often seems to be from a self-
orientated perspective. The incurred cost (time and money) on 
the manufacturing organisation by introducing new products, 
is perhaps one of the key aspects that drives investments in 
flexibility. If the mind-set was more holistic or focused on the 
business value, different types of flexibility would be 
introduced. Seen at one of the studied companies is that the 
complete flexibility that standard machining centres provide, 
gives the design engineers better possibilities to be innovative. 

3.2. New technology and product development 

There are other examples on how the manufacturing 
functions can contribute to the development of the company’s 
products. With the development of new manufacturing 
technologies, new approaches to product development can be 
reached. One example of this is the increasingly discussed 
technology of additive manufacturing (3D printing). In many 
industries this is still perceived as difficult to justify financially 
[16]. As the existing product portfolio has been designed over 
many years with more conventional manufacturing methods in 
mind, there is little extra value to start producing them with this 
new additive technology. However, for prototyping and 
building up knowledge in-house it might still be valuable to 
invest in this type of new technology. In addition, through the 
investment, it could open up for new ways of producing parts 
and allow for new types of design. One example seen is in 
aerospace industry, where standard designs have been 
developed for a family of parts, to then make them unique 
through additive manufacturing that adds specific features. 

Even though the manufacturing return on investment (ROI) 
calculation gives little incentive to invest, the additive 
machines could still create intangible values. For example, the 
additive machine would be a base for building competence and 
knowledge, and completely new innovative products could 
emerge. This in turn could open up to new markets, which 
would not be reached without the technology. The perceived 
opinion on being a market leader in technological development 
can also have several benefits. A strong brand value can create 
new customers and increased sales. Moreover, being an 
attractive employer will attract technology-interested engineers 
resulting in an increased and improved recruitment base. 

3.3. Value for sales and marketing 

To help both the sales and marketing processes, the 
manufacturing system can be designed with the intention of 
bringing new and existing customers straight into the making 
of their products. With the right design, the customers can 
safely be brought into the factories and shown how, for 

example, the quality is assured and technology used. Moreover, 
the detail and effort that go into making their products can be 
demonstrated rather than just promised with words. As long as 
the company actually is good at manufacturing, this ought to 
generate an increase in trust and confidence between the 
company and the customer, and thereby increase future sales. 

Factory visits is nothing new and has been used for different 
purposes over the last century, perhaps starting with Kellogg in 
1912 [17]. However, with new technology and concepts from 
Industry 4.0, the customer could be provided with interactive 
information in new ways, about the manufacturing cycles or the 
machines they are observing [18]. During the tour they could 
for example also get video and other marketing material 
directly to their smart phones. This type of direct access to the 
manufacturing information could lead to new customers, but 
also give other functions within the company better and easier 
access to understand the manufacturing processes. 

In addition to these videos, with a safe and available access 
to the manufacturing facilities, it would be possible to also 
invite children, students, teachers and other individuals with an 
interest, to safely enter this normally restricted industrial 
environment. This could contribute to an increasing 
collaboration with schools and universities, leading to an 
increased industrial awareness. Moreover, with increased 
awareness that the industrial environment is an interesting 
workplace, the recruitment base could improve and indirectly 
bring value to the core processes. Collaboration with 
universities can also contribute to research projects, which 
would also support multiple business processes with 
knowledge and competence. 

Individuals who do not work in the industry can have a 
rather stereotypical view of the working life in a factory. Dirty 
and noisy factories with monotones repetitive work seem to be 
a common perception. This view is unintentionally transferred 
to our children through parents and teachers, but also through 
other means. However, looking at the studied company Volvo 
Cars and their new commercial “Made by People” [19], it 
shows how the manufacturing system and the people within 
this, can convey a strong marketing message but also give an 
insight into the modern industry. During most of the four 
minute commercial, the viewer is taken into the factory to 
demonstrate the importance of diversity, as well as the 
technology and craftsmanship that goes into making their 
products 

3.4. Increased sales through flexibility 

Manufacturing flexibility outside the normal perceived 
necessity could also bring value to the business processes sales 
and marketing. Even though many modern companies of today 
offer customised products, it is still often from a specific 
product portfolio, to which the manufacturing systems are 
already designed. However, to be able to satisfy the customers 
with extra special requirements that is not offered through the 
normal portfolio, the manufacturing system must be flexible 
enough to make these special orders to a reasonable cost. Seen 
at some of the companies is that analyses of this are reactively 
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when the customer request has been received. Even though it 
will be difficult to predict what special requirements future 
customers might have, it is possible to be proactive when 
designing the manufacturing system. By using the sales and 
marketing experience during manufacturing systems design, at 
least chances increases to understand what features can help in 
satisfying these customers in a cost efficient manner. 

Another form of flexibility is to be able to meet the 
uncertainty that comes with changes in sales volume 
throughout the business cycles. In earlier work, an index has 
been identified for how to define change sensitivity over a 
business cycle [20]. If critical systems would be more cost 
flexible to meet changes in market demand, the cash flow could 
be better managed in times of low demand. This will give value 
to the financial controlling function who are looking after the 
solidity of the company. 

4. Implementation of design for business value 

The arguments and examples of this study are to some 
degree on a general level and require more specific details if to 
be implemented in a company. The approach to implement 
design for business value (DFBV) would be similar to this 
study, but focus would be within the company. 

The first step would be to identify the specific internal core 
processes and key stakeholder to consider. The result of this 
study, in particular figure 1, can be used as a general guideline, 
but an internal investigation should be conducted to find the 
company unique internal processes. The second step would be 
to understand the objectives of these processes and discuss with 
responsible individuals how the manufacturing system and the 
manufacturing competence can contribute to create value. 

To ensure that each manufacturing development project 
takes the whole business value into consideration, the business 
value aspects must be embedded into the development process. 
However, rather than specific requirements, areas to investigate 
and explorative questions should be included in the process. 
This will ensure that new project specific answers and 
investigation will be conducted for each project. Another way 
to ensure that the project takes these additional aspects into 
consideration and investigate how they affect the project, clear 
and simple channels for finding the information is required. 
Details of which processes to consider, departments 
responsible and perhaps even contact details to individuals, 
ensures that the project will quickly and without frustration find 
the additional requirements. 

5. Discussion 

Except for the business process review, this study is rather 
hypothetical in how the manufacturing function and 
manufacturing system can create value for other core 
processes. Further work to deep dive into specific value 
analysis between processes is required. However, the examples 
given can easily be found in isolated cases. Many car 
manufacturers have for example dedicated webpages for 
factory tours to strengthen their brand and products [21, 22, 23, 

24, 25]. At one of the studied companies, the factories have 
lately been modified to become more easily available to 
facilitate visits. If this had been in mind while designing the 
system to start with, the cost could have been kept down and 
better solutions made. There are also examples of 
manufacturing development where other business processes 
have been kept in mind. Extra capacity has been planned for, 
to support development projects and prototype manufacturing, 
but also to ensure that time is available for training of both 
operators and engineers. The difference is that in these cases, 
certain individuals have been the innovative drivers and 
thought outside the box to create more value for others than the 
manufacturing function. Furthermore, it might also just have 
become a happening through coincidence, rather than with the 
intention of creating additional value. 

6. Conclusion 

Most companies studied have the same or similar core 
processes to realise their products and services. Furthermore, 
to ensure that manufacturing development projects do not 
become sub-optimised, there should be a focus on designing for 
business value (DFBV), looking beyond the functional boards. 
Manufacturing systems should be designed with additional 
functions and features that do not directly contribute to the 
operational targets in a factory, but to other core business 
processes as well. 

To convince the decision makers that creating values cross 
processes is good for business, it might be required to estimate 
the additional value in financial terms to justify any extra costs. 
This could potentially be difficult as some of these effects are 
intangible and not only related to the efforts made through the 
manufacturing system design. The decision models of today do 
not always account for such values. There has to be other 
business decision models that take these more intangible values 
into account as well, which is a big challenge for future work. 
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collaboration across the functional borders. For example, the 
product designer will already work with methodologies like 
DFM and DFA. Similarly, when designing manufacturing 
systems, a degree of flexibility will likely be introduced to 
manage future product changes. However, even if the 
manufacturing system is designed to reduce product design 
constrains through flexibility, the driving force during 
manufacturing development still often seems to be from a self-
orientated perspective. The incurred cost (time and money) on 
the manufacturing organisation by introducing new products, 
is perhaps one of the key aspects that drives investments in 
flexibility. If the mind-set was more holistic or focused on the 
business value, different types of flexibility would be 
introduced. Seen at one of the studied companies is that the 
complete flexibility that standard machining centres provide, 
gives the design engineers better possibilities to be innovative. 

3.2. New technology and product development 

There are other examples on how the manufacturing 
functions can contribute to the development of the company’s 
products. With the development of new manufacturing 
technologies, new approaches to product development can be 
reached. One example of this is the increasingly discussed 
technology of additive manufacturing (3D printing). In many 
industries this is still perceived as difficult to justify financially 
[16]. As the existing product portfolio has been designed over 
many years with more conventional manufacturing methods in 
mind, there is little extra value to start producing them with this 
new additive technology. However, for prototyping and 
building up knowledge in-house it might still be valuable to 
invest in this type of new technology. In addition, through the 
investment, it could open up for new ways of producing parts 
and allow for new types of design. One example seen is in 
aerospace industry, where standard designs have been 
developed for a family of parts, to then make them unique 
through additive manufacturing that adds specific features. 

Even though the manufacturing return on investment (ROI) 
calculation gives little incentive to invest, the additive 
machines could still create intangible values. For example, the 
additive machine would be a base for building competence and 
knowledge, and completely new innovative products could 
emerge. This in turn could open up to new markets, which 
would not be reached without the technology. The perceived 
opinion on being a market leader in technological development 
can also have several benefits. A strong brand value can create 
new customers and increased sales. Moreover, being an 
attractive employer will attract technology-interested engineers 
resulting in an increased and improved recruitment base. 

3.3. Value for sales and marketing 

To help both the sales and marketing processes, the 
manufacturing system can be designed with the intention of 
bringing new and existing customers straight into the making 
of their products. With the right design, the customers can 
safely be brought into the factories and shown how, for 

example, the quality is assured and technology used. Moreover, 
the detail and effort that go into making their products can be 
demonstrated rather than just promised with words. As long as 
the company actually is good at manufacturing, this ought to 
generate an increase in trust and confidence between the 
company and the customer, and thereby increase future sales. 

Factory visits is nothing new and has been used for different 
purposes over the last century, perhaps starting with Kellogg in 
1912 [17]. However, with new technology and concepts from 
Industry 4.0, the customer could be provided with interactive 
information in new ways, about the manufacturing cycles or the 
machines they are observing [18]. During the tour they could 
for example also get video and other marketing material 
directly to their smart phones. This type of direct access to the 
manufacturing information could lead to new customers, but 
also give other functions within the company better and easier 
access to understand the manufacturing processes. 

In addition to these videos, with a safe and available access 
to the manufacturing facilities, it would be possible to also 
invite children, students, teachers and other individuals with an 
interest, to safely enter this normally restricted industrial 
environment. This could contribute to an increasing 
collaboration with schools and universities, leading to an 
increased industrial awareness. Moreover, with increased 
awareness that the industrial environment is an interesting 
workplace, the recruitment base could improve and indirectly 
bring value to the core processes. Collaboration with 
universities can also contribute to research projects, which 
would also support multiple business processes with 
knowledge and competence. 

Individuals who do not work in the industry can have a 
rather stereotypical view of the working life in a factory. Dirty 
and noisy factories with monotones repetitive work seem to be 
a common perception. This view is unintentionally transferred 
to our children through parents and teachers, but also through 
other means. However, looking at the studied company Volvo 
Cars and their new commercial “Made by People” [19], it 
shows how the manufacturing system and the people within 
this, can convey a strong marketing message but also give an 
insight into the modern industry. During most of the four 
minute commercial, the viewer is taken into the factory to 
demonstrate the importance of diversity, as well as the 
technology and craftsmanship that goes into making their 
products 

3.4. Increased sales through flexibility 

Manufacturing flexibility outside the normal perceived 
necessity could also bring value to the business processes sales 
and marketing. Even though many modern companies of today 
offer customised products, it is still often from a specific 
product portfolio, to which the manufacturing systems are 
already designed. However, to be able to satisfy the customers 
with extra special requirements that is not offered through the 
normal portfolio, the manufacturing system must be flexible 
enough to make these special orders to a reasonable cost. Seen 
at some of the companies is that analyses of this are reactively 
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when the customer request has been received. Even though it 
will be difficult to predict what special requirements future 
customers might have, it is possible to be proactive when 
designing the manufacturing system. By using the sales and 
marketing experience during manufacturing systems design, at 
least chances increases to understand what features can help in 
satisfying these customers in a cost efficient manner. 

Another form of flexibility is to be able to meet the 
uncertainty that comes with changes in sales volume 
throughout the business cycles. In earlier work, an index has 
been identified for how to define change sensitivity over a 
business cycle [20]. If critical systems would be more cost 
flexible to meet changes in market demand, the cash flow could 
be better managed in times of low demand. This will give value 
to the financial controlling function who are looking after the 
solidity of the company. 

4. Implementation of design for business value 

The arguments and examples of this study are to some 
degree on a general level and require more specific details if to 
be implemented in a company. The approach to implement 
design for business value (DFBV) would be similar to this 
study, but focus would be within the company. 

The first step would be to identify the specific internal core 
processes and key stakeholder to consider. The result of this 
study, in particular figure 1, can be used as a general guideline, 
but an internal investigation should be conducted to find the 
company unique internal processes. The second step would be 
to understand the objectives of these processes and discuss with 
responsible individuals how the manufacturing system and the 
manufacturing competence can contribute to create value. 

To ensure that each manufacturing development project 
takes the whole business value into consideration, the business 
value aspects must be embedded into the development process. 
However, rather than specific requirements, areas to investigate 
and explorative questions should be included in the process. 
This will ensure that new project specific answers and 
investigation will be conducted for each project. Another way 
to ensure that the project takes these additional aspects into 
consideration and investigate how they affect the project, clear 
and simple channels for finding the information is required. 
Details of which processes to consider, departments 
responsible and perhaps even contact details to individuals, 
ensures that the project will quickly and without frustration find 
the additional requirements. 

5. Discussion 

Except for the business process review, this study is rather 
hypothetical in how the manufacturing function and 
manufacturing system can create value for other core 
processes. Further work to deep dive into specific value 
analysis between processes is required. However, the examples 
given can easily be found in isolated cases. Many car 
manufacturers have for example dedicated webpages for 
factory tours to strengthen their brand and products [21, 22, 23, 

24, 25]. At one of the studied companies, the factories have 
lately been modified to become more easily available to 
facilitate visits. If this had been in mind while designing the 
system to start with, the cost could have been kept down and 
better solutions made. There are also examples of 
manufacturing development where other business processes 
have been kept in mind. Extra capacity has been planned for, 
to support development projects and prototype manufacturing, 
but also to ensure that time is available for training of both 
operators and engineers. The difference is that in these cases, 
certain individuals have been the innovative drivers and 
thought outside the box to create more value for others than the 
manufacturing function. Furthermore, it might also just have 
become a happening through coincidence, rather than with the 
intention of creating additional value. 

6. Conclusion 

Most companies studied have the same or similar core 
processes to realise their products and services. Furthermore, 
to ensure that manufacturing development projects do not 
become sub-optimised, there should be a focus on designing for 
business value (DFBV), looking beyond the functional boards. 
Manufacturing systems should be designed with additional 
functions and features that do not directly contribute to the 
operational targets in a factory, but to other core business 
processes as well. 

To convince the decision makers that creating values cross 
processes is good for business, it might be required to estimate 
the additional value in financial terms to justify any extra costs. 
This could potentially be difficult as some of these effects are 
intangible and not only related to the efforts made through the 
manufacturing system design. The decision models of today do 
not always account for such values. There has to be other 
business decision models that take these more intangible values 
into account as well, which is a big challenge for future work. 
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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

For the manufacturing system development process to deliver the expected value, it is important that the management of the process works. 
However, the competence of building adequate process models is often missing. The purpose of this paper is to demonstrate that with some 
training, it is possible to achieve much better process models. This is studied through a workshop, where the participants map their “breakfast 
process”. The result shows that without guidance, the process becomes self-centred. A self-centred resource-oriented process model gives focus 
on time and resource utilisation, while a value objective oriented process model focuses more on process quality. 
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1. Introduction 

Lean philosophy has created awareness at companies to 
continuously improve processes. Most large automotive 
companies work today with quality assurance and are certified 
against ISO 9001, Quality Management System. Both lean and 
the ISO standard advocate a customer focus, a process 
approach and to continuously improve [1]. Striving to have 
efficient processes that are continuously developed is part of 
the daily activities at manufacturing companies. An important 
and common process for large original equipment 
manufacturers (OEMs) is the Product Development (PD) 
process, in which technology is incorporated into new product 
concepts [2]. The PD process is often one of the company’s 
core processes, and the competitiveness of the company is 
determined by the success of the process [3]. Typically, the 
stage-gate model [4] is applied when modelling these complex 
processes. However, the linear process models cannot support 
the iterative cycles and extensive cross-functional 

collaboration that characterise PD process [5,6]. Even though 
the top-level process map is holistic across multiple functions, 
the broken-down sub-processes are mapped with a resource-
orientation. This can lead to sub-optimisation instead of 
everyone seeing the whole picture and working towards the 
common goal of creating customer values [7]. The role of a 
chief process officer (CPO) could help to overcome some of 
the issues, but is rarely a position found at companies [8]. 

The purpose of this paper is to test a hypothesis that 
individuals without formal process training or guidance will 
naturally look at themselves or their department when mapping 
processes. This results in a resource-oriented process map, with 
the individual or department as the resource in the self-centred 
process map. The intention is also to demonstrate that with 
some guidance to focus on the process key value objectives, the 
process maps becomes value flow oriented. Lastly but perhaps 
most importantly, the purpose is also to investigate how the two 
different process orientations affect the process improvement 
activities. 
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1. Introduction 

Lean philosophy has created awareness at companies to 
continuously improve processes. Most large automotive 
companies work today with quality assurance and are certified 
against ISO 9001, Quality Management System. Both lean and 
the ISO standard advocate a customer focus, a process 
approach and to continuously improve [1]. Striving to have 
efficient processes that are continuously developed is part of 
the daily activities at manufacturing companies. An important 
and common process for large original equipment 
manufacturers (OEMs) is the Product Development (PD) 
process, in which technology is incorporated into new product 
concepts [2]. The PD process is often one of the company’s 
core processes, and the competitiveness of the company is 
determined by the success of the process [3]. Typically, the 
stage-gate model [4] is applied when modelling these complex 
processes. However, the linear process models cannot support 
the iterative cycles and extensive cross-functional 

collaboration that characterise PD process [5,6]. Even though 
the top-level process map is holistic across multiple functions, 
the broken-down sub-processes are mapped with a resource-
orientation. This can lead to sub-optimisation instead of 
everyone seeing the whole picture and working towards the 
common goal of creating customer values [7]. The role of a 
chief process officer (CPO) could help to overcome some of 
the issues, but is rarely a position found at companies [8]. 

The purpose of this paper is to test a hypothesis that 
individuals without formal process training or guidance will 
naturally look at themselves or their department when mapping 
processes. This results in a resource-oriented process map, with 
the individual or department as the resource in the self-centred 
process map. The intention is also to demonstrate that with 
some guidance to focus on the process key value objectives, the 
process maps becomes value flow oriented. Lastly but perhaps 
most importantly, the purpose is also to investigate how the two 
different process orientations affect the process improvement 
activities. 
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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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1. Introduction 

Lean philosophy has created awareness at companies to 
continuously improve processes. Most large automotive 
companies work today with quality assurance and are certified 
against ISO 9001, Quality Management System. Both lean and 
the ISO standard advocate a customer focus, a process 
approach and to continuously improve [1]. Striving to have 
efficient processes that are continuously developed is part of 
the daily activities at manufacturing companies. An important 
and common process for large original equipment 
manufacturers (OEMs) is the Product Development (PD) 
process, in which technology is incorporated into new product 
concepts [2]. The PD process is often one of the company’s 
core processes, and the competitiveness of the company is 
determined by the success of the process [3]. Typically, the 
stage-gate model [4] is applied when modelling these complex 
processes. However, the linear process models cannot support 
the iterative cycles and extensive cross-functional 

collaboration that characterise PD process [5,6]. Even though 
the top-level process map is holistic across multiple functions, 
the broken-down sub-processes are mapped with a resource-
orientation. This can lead to sub-optimisation instead of 
everyone seeing the whole picture and working towards the 
common goal of creating customer values [7]. The role of a 
chief process officer (CPO) could help to overcome some of 
the issues, but is rarely a position found at companies [8]. 

The purpose of this paper is to test a hypothesis that 
individuals without formal process training or guidance will 
naturally look at themselves or their department when mapping 
processes. This results in a resource-oriented process map, with 
the individual or department as the resource in the self-centred 
process map. The intention is also to demonstrate that with 
some guidance to focus on the process key value objectives, the 
process maps becomes value flow oriented. Lastly but perhaps 
most importantly, the purpose is also to investigate how the two 
different process orientations affect the process improvement 
activities. 
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1. Introduction 

Lean philosophy has created awareness at companies to 
continuously improve processes. Most large automotive 
companies work today with quality assurance and are certified 
against ISO 9001, Quality Management System. Both lean and 
the ISO standard advocate a customer focus, a process 
approach and to continuously improve [1]. Striving to have 
efficient processes that are continuously developed is part of 
the daily activities at manufacturing companies. An important 
and common process for large original equipment 
manufacturers (OEMs) is the Product Development (PD) 
process, in which technology is incorporated into new product 
concepts [2]. The PD process is often one of the company’s 
core processes, and the competitiveness of the company is 
determined by the success of the process [3]. Typically, the 
stage-gate model [4] is applied when modelling these complex 
processes. However, the linear process models cannot support 
the iterative cycles and extensive cross-functional 

collaboration that characterise PD process [5,6]. Even though 
the top-level process map is holistic across multiple functions, 
the broken-down sub-processes are mapped with a resource-
orientation. This can lead to sub-optimisation instead of 
everyone seeing the whole picture and working towards the 
common goal of creating customer values [7]. The role of a 
chief process officer (CPO) could help to overcome some of 
the issues, but is rarely a position found at companies [8]. 

The purpose of this paper is to test a hypothesis that 
individuals without formal process training or guidance will 
naturally look at themselves or their department when mapping 
processes. This results in a resource-oriented process map, with 
the individual or department as the resource in the self-centred 
process map. The intention is also to demonstrate that with 
some guidance to focus on the process key value objectives, the 
process maps becomes value flow oriented. Lastly but perhaps 
most importantly, the purpose is also to investigate how the two 
different process orientations affect the process improvement 
activities. 
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2. Theoretical framework 

2.1. Toyota production system and lean 

In the 1950s, Toyota developed its renowned production 
system known as Toyota Production System (TPS). Toyota’s 
success inspired many other companies to develop their own 
version of the TPS, based on the Lean philosophy. TPS and 
Lean are focused on continuous improvements and in removing 
non-value adding activities from processes [9]. According to 
Womack et al. [10], the Lean principles are: 
 
• Value Act of what is important to the 

customer of the process. 
• Value stream Understand which steps in the process add 

value and which do not. 
• Flow Keep the work moving at all times and 

eliminate waste that creates delay. 
• Pull Avoid making products for customer 

demand you do not have. 
• Strive for 

perfection 
There is no optimum level of 
performance. Just continuously pursue 
improvements. 

 
With increasing popularity of Lean thinking, there has been 

an increasing awareness about value creation, improving 
quality and becoming more efficient in companies. The concept 
of continuous improvement, also known as Kaizen, is said to 
be the key to Japan’s competitive success [11]. A prerequisite 
for the Lean improvement activities is the process and flow 
perspective. Therefore, processes, and the company’s ability to 
continuously improve them, determines the success and failure 
of the whole company. 

2.2. Process modelling 

A process can be defined as a reoccurring series of activities 
and decisions that are involved to achieve a certain objective or 
goal [12]. As such, a process can be anything from something 
simple as making breakfast to a large complex industrial 
process such as Product Development (PD). Processes are 
usually represented graphically, which leads to ease and 
simplicity in communication [13]. The simplicity in the 
graphical and visual models can also assist in the cognitive 
functions of the brain. For example, in cognitive science there 
are classical research suggesting that the working memory 
capacity is around seven bits, give or take [14]. This could be 
used as guidance for how to construct the process maps. 

There are various techniques that can be used in order to 
create a process model. Flowcharts and the annotations within 
the international standards IDEF0, IDEF3 etc. are just a few 
examples, each of which have their own pros and cons [15]. 
The choice of technique used shall be based on the purpose of 
the modelling and what is to be captured and communicated. In 
its most basic form, a process representation often includes an 
input, an output and a set of activities to achieve the objective 
of the process. Fig. 1 illustrates some of the most commonly 
used symbols in process mapping flowcharts [16]. 

One other method commonly used by Lean is Value Stream 
Mapping (VSM). The prerequisite for this method is that the 
expected process objective is defined, i.e. the demand from the 
customer of the process. The process objective is important to 
determine which of the process activities that contribute with 
value to this objective. For example, in manufacturing this 
method is used to map all activities necessary to realise a 
product, both in respect to material and information flow. 
Thereafter, value adding and non-value adding activities can be 
identified to eliminate waste [17]. Whichever technique and 
approach used when modelling, it is important that the people 
who live the process are active and participating in the process 
modelling activity [18]. In the Japanese business culture the 
word “Gemba” is used, and is as important as “Kaizen” to 
understand the process [19]. Gemba means something like “the 
place where things happen”, and it is here where the 
information for the process modelling can be found [20]. 

2.3. Continuous improvements and challenges 

One of the main reasons for companies to work with 
processes is in order to work with continuous improvements, 
which is also advocated both by the ISO 9001 and the lean 
theories [1,21,22]. Graphical process maps assist in 
understanding the process they represent, and is necessary to 
identify areas of improvements [22,23]. Even though in Lean 
philosophy the focus for when mapping the process shall be on 
the customer value flow, there is still a tendency in companies 
to map their processes having a resource focus. According to 
Rosemann [18], one key issue at companies is the lack of 
qualified process modelers. The challenge of achieving process 
orientation can also stem from the strong resource-orientation 
that still exists [24]. According to Modig and Åhlström [25], to 
achieve efficiency in both the use of resources and efficient 
value flow, the initial focus needs to be on the value flow. Once 
value flow has increased, the company can begin focusing on 
resource efficiency. 

3. Method 

To test the process mapping behaviour, two types of 
controlled workshop cases were constructed; (1) unguided 
process mapping, and (2) value-guided process mapping. Both 
were an hour long and divided in two main parts; a process 
mapping session and an improving activity session. These two 
workshops were conducted a series of times with different 
participants, to ensure that independent data could be collected. 

When modelling a process it is important that the modeller 
understands the process, i.e. being familiar with the Gemba 
[19]. Therefore, to ensure that all participants were familiar 
with the process they were going to map and improve, a non-
industrial everyday process was selected; the “breakfast 
process”. However, the intended process scope reached further, 
starting when the alarm goes off in the morning, until arriving 

Fig. 1. Four process symbols found in ISO 5807: Information Processing. 
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at work. Another reason it was titled “breakfast” was to not 
reveal more information than necessary before the workshop 
and still give a light and relaxed atmosphere. The workshops 
were also conducted early in the morning and a breakfast buffet 
was offered, both to keep to the theme but also to attract 
attendance. 

The e-mail invite for the workshop was sent to individuals 
at an organisation involved in production and logistics 
development at a large automotive manufacturer. The 
individuals are considered experts in their respective field. For 
each workshop, a maximum number of five participants were 
invited to keep the group small enough to encourage open and 
creative discussions. As little information as possible was given 
in the invite to make as little influence as possible. Apart from 
the date, time, venue and information about the served 
breakfast, the invite included brief information that the result 
of the workshop would be the foundation of a research study 
and that their morning routines would be discussed. Once at the 
workshop, the information was still kept to a minimum with 
just a brief introduction of the workshop structure. 

3.1. Unguided process mapping 

The unguided process mapping workshops started by the 
facilitator asking the participants to map their morning process, 
from when the alarm goes off until they arrive at work. The 
participants were given sticky notes to individually and silently 
write their own activities for about 15 minutes. The sticky notes 
were thereafter consolidated on the wall for everyone to see and 
briefly discuss. This was followed by an open discuss among 
the participants on how to improve the overall process. The 
improvement discussion carried on for about 20 minutes, which 
concluded the unguided process mapping workshop. 

3.2. Value-guided process mapping 

The second type of workshop is the value-guided process 
mapping, which started with the facilitator giving the 
participants some guidance. Firstly, the participants were asked 
for ten minutes to openly discuss on a high level what the key 
objectives are with the morning routine. Essentially, what value 
are they trying to achieve with all the morning activities. To 
regulate the resolution and level of details, recommendation 
was given to limit the number of objectives to about seven, give 
or take. This number is based on the idea that the capacity of 
working memory is about seven bits, and seems to result in a 
list cognitively easy enough to overview and grasp [14]. These 
morning key objectives that were identified by the participants, 
were written down on a flipchart for everyone to see. If the 
facilitator considered the proposed objective too ambiguous 
and not specifying the value, the participants were asked to 
further discuss them. For example, one proposed objective was 
“have eaten breakfast”, but the purpose of this is to have energy 
in the body to be able to function properly and be productive. 

With these key value objectives in focus, the participants 
were now asked to individually and silently write on sticky 
notes the morning activities contributing to each of the key 
value objectives. This carried on for about 15 minutes. 
Guidance was also given regarding the number of activities for 
each of the objective, and again the capacity of the working 
memory was used. However, due to time constraints, only three 
of the identified key value objectives were focused on. The 
sticky notes were consolidated on the wall with a brief 
discussion on the content. This was followed by an open 
discussion among the participants on how to improve the 
overall process. The improvement discussion carried on for 
about 20 minutes, which concluded the value-guided process 
mapping workshop. 

3.3. Data collection 

The data was captured and recorded by observation and 
written notes during the workshops. Even though the authors 
were present during the workshops, care was taken to influence 
the participants as little as possible. One of the authors solely 
made observational notes while the other both made notes and 
acted as the facilitator. Attention was paid in particular to the 
characteristics of the resulting process maps, but perhaps more 
importantly, to the following improvement discussions. These 
notes together with the participants’ process maps were then 
the basis for the research analysis. 

4. Results 

The result of this study is divided into two sections; (1) the 
result and improvements around the unguided process 
mapping, and (2) results and improvements around the value-
guided process mapping. 

4.1. Unguided process mapping 

The unguided process mapping resulted in a self-centred, 
single linear and chronological process map. Fig. 2 illustrates 
simplistically how this process map typically looked like. “A” 
represents the activities identified by the participant. It 
described the participants’ morning activities, step-by-step as 
they typically live them. This can be compared to a resource-
oriented process, with the individual mapping the process being 
the single resource in this breakfast example. The participants 
mapped the process with an average of 15 activities, and a 
median of 17 activities. There were a combination of value 
adding and non-value adding activities. When discussed, the 
reason for including the activities were based on the time 
significance for the person during the morning. For example, if 
walking to and waiting for public transport was a significant 
part of the morning, it was included in the process map even 
though transport and waiting time traditionally are non-value 
adding. 

Fig. 2. Resource-oriented process map, as a result of unguided mapping. 
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2. Theoretical framework 

2.1. Toyota production system and lean 

In the 1950s, Toyota developed its renowned production 
system known as Toyota Production System (TPS). Toyota’s 
success inspired many other companies to develop their own 
version of the TPS, based on the Lean philosophy. TPS and 
Lean are focused on continuous improvements and in removing 
non-value adding activities from processes [9]. According to 
Womack et al. [10], the Lean principles are: 
 
• Value Act of what is important to the 

customer of the process. 
• Value stream Understand which steps in the process add 

value and which do not. 
• Flow Keep the work moving at all times and 

eliminate waste that creates delay. 
• Pull Avoid making products for customer 

demand you do not have. 
• Strive for 

perfection 
There is no optimum level of 
performance. Just continuously pursue 
improvements. 

 
With increasing popularity of Lean thinking, there has been 

an increasing awareness about value creation, improving 
quality and becoming more efficient in companies. The concept 
of continuous improvement, also known as Kaizen, is said to 
be the key to Japan’s competitive success [11]. A prerequisite 
for the Lean improvement activities is the process and flow 
perspective. Therefore, processes, and the company’s ability to 
continuously improve them, determines the success and failure 
of the whole company. 

2.2. Process modelling 

A process can be defined as a reoccurring series of activities 
and decisions that are involved to achieve a certain objective or 
goal [12]. As such, a process can be anything from something 
simple as making breakfast to a large complex industrial 
process such as Product Development (PD). Processes are 
usually represented graphically, which leads to ease and 
simplicity in communication [13]. The simplicity in the 
graphical and visual models can also assist in the cognitive 
functions of the brain. For example, in cognitive science there 
are classical research suggesting that the working memory 
capacity is around seven bits, give or take [14]. This could be 
used as guidance for how to construct the process maps. 

There are various techniques that can be used in order to 
create a process model. Flowcharts and the annotations within 
the international standards IDEF0, IDEF3 etc. are just a few 
examples, each of which have their own pros and cons [15]. 
The choice of technique used shall be based on the purpose of 
the modelling and what is to be captured and communicated. In 
its most basic form, a process representation often includes an 
input, an output and a set of activities to achieve the objective 
of the process. Fig. 1 illustrates some of the most commonly 
used symbols in process mapping flowcharts [16]. 

One other method commonly used by Lean is Value Stream 
Mapping (VSM). The prerequisite for this method is that the 
expected process objective is defined, i.e. the demand from the 
customer of the process. The process objective is important to 
determine which of the process activities that contribute with 
value to this objective. For example, in manufacturing this 
method is used to map all activities necessary to realise a 
product, both in respect to material and information flow. 
Thereafter, value adding and non-value adding activities can be 
identified to eliminate waste [17]. Whichever technique and 
approach used when modelling, it is important that the people 
who live the process are active and participating in the process 
modelling activity [18]. In the Japanese business culture the 
word “Gemba” is used, and is as important as “Kaizen” to 
understand the process [19]. Gemba means something like “the 
place where things happen”, and it is here where the 
information for the process modelling can be found [20]. 

2.3. Continuous improvements and challenges 

One of the main reasons for companies to work with 
processes is in order to work with continuous improvements, 
which is also advocated both by the ISO 9001 and the lean 
theories [1,21,22]. Graphical process maps assist in 
understanding the process they represent, and is necessary to 
identify areas of improvements [22,23]. Even though in Lean 
philosophy the focus for when mapping the process shall be on 
the customer value flow, there is still a tendency in companies 
to map their processes having a resource focus. According to 
Rosemann [18], one key issue at companies is the lack of 
qualified process modelers. The challenge of achieving process 
orientation can also stem from the strong resource-orientation 
that still exists [24]. According to Modig and Åhlström [25], to 
achieve efficiency in both the use of resources and efficient 
value flow, the initial focus needs to be on the value flow. Once 
value flow has increased, the company can begin focusing on 
resource efficiency. 

3. Method 

To test the process mapping behaviour, two types of 
controlled workshop cases were constructed; (1) unguided 
process mapping, and (2) value-guided process mapping. Both 
were an hour long and divided in two main parts; a process 
mapping session and an improving activity session. These two 
workshops were conducted a series of times with different 
participants, to ensure that independent data could be collected. 

When modelling a process it is important that the modeller 
understands the process, i.e. being familiar with the Gemba 
[19]. Therefore, to ensure that all participants were familiar 
with the process they were going to map and improve, a non-
industrial everyday process was selected; the “breakfast 
process”. However, the intended process scope reached further, 
starting when the alarm goes off in the morning, until arriving 

Fig. 1. Four process symbols found in ISO 5807: Information Processing. 
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at work. Another reason it was titled “breakfast” was to not 
reveal more information than necessary before the workshop 
and still give a light and relaxed atmosphere. The workshops 
were also conducted early in the morning and a breakfast buffet 
was offered, both to keep to the theme but also to attract 
attendance. 

The e-mail invite for the workshop was sent to individuals 
at an organisation involved in production and logistics 
development at a large automotive manufacturer. The 
individuals are considered experts in their respective field. For 
each workshop, a maximum number of five participants were 
invited to keep the group small enough to encourage open and 
creative discussions. As little information as possible was given 
in the invite to make as little influence as possible. Apart from 
the date, time, venue and information about the served 
breakfast, the invite included brief information that the result 
of the workshop would be the foundation of a research study 
and that their morning routines would be discussed. Once at the 
workshop, the information was still kept to a minimum with 
just a brief introduction of the workshop structure. 

3.1. Unguided process mapping 

The unguided process mapping workshops started by the 
facilitator asking the participants to map their morning process, 
from when the alarm goes off until they arrive at work. The 
participants were given sticky notes to individually and silently 
write their own activities for about 15 minutes. The sticky notes 
were thereafter consolidated on the wall for everyone to see and 
briefly discuss. This was followed by an open discuss among 
the participants on how to improve the overall process. The 
improvement discussion carried on for about 20 minutes, which 
concluded the unguided process mapping workshop. 

3.2. Value-guided process mapping 

The second type of workshop is the value-guided process 
mapping, which started with the facilitator giving the 
participants some guidance. Firstly, the participants were asked 
for ten minutes to openly discuss on a high level what the key 
objectives are with the morning routine. Essentially, what value 
are they trying to achieve with all the morning activities. To 
regulate the resolution and level of details, recommendation 
was given to limit the number of objectives to about seven, give 
or take. This number is based on the idea that the capacity of 
working memory is about seven bits, and seems to result in a 
list cognitively easy enough to overview and grasp [14]. These 
morning key objectives that were identified by the participants, 
were written down on a flipchart for everyone to see. If the 
facilitator considered the proposed objective too ambiguous 
and not specifying the value, the participants were asked to 
further discuss them. For example, one proposed objective was 
“have eaten breakfast”, but the purpose of this is to have energy 
in the body to be able to function properly and be productive. 

With these key value objectives in focus, the participants 
were now asked to individually and silently write on sticky 
notes the morning activities contributing to each of the key 
value objectives. This carried on for about 15 minutes. 
Guidance was also given regarding the number of activities for 
each of the objective, and again the capacity of the working 
memory was used. However, due to time constraints, only three 
of the identified key value objectives were focused on. The 
sticky notes were consolidated on the wall with a brief 
discussion on the content. This was followed by an open 
discussion among the participants on how to improve the 
overall process. The improvement discussion carried on for 
about 20 minutes, which concluded the value-guided process 
mapping workshop. 

3.3. Data collection 

The data was captured and recorded by observation and 
written notes during the workshops. Even though the authors 
were present during the workshops, care was taken to influence 
the participants as little as possible. One of the authors solely 
made observational notes while the other both made notes and 
acted as the facilitator. Attention was paid in particular to the 
characteristics of the resulting process maps, but perhaps more 
importantly, to the following improvement discussions. These 
notes together with the participants’ process maps were then 
the basis for the research analysis. 

4. Results 

The result of this study is divided into two sections; (1) the 
result and improvements around the unguided process 
mapping, and (2) results and improvements around the value-
guided process mapping. 

4.1. Unguided process mapping 

The unguided process mapping resulted in a self-centred, 
single linear and chronological process map. Fig. 2 illustrates 
simplistically how this process map typically looked like. “A” 
represents the activities identified by the participant. It 
described the participants’ morning activities, step-by-step as 
they typically live them. This can be compared to a resource-
oriented process, with the individual mapping the process being 
the single resource in this breakfast example. The participants 
mapped the process with an average of 15 activities, and a 
median of 17 activities. There were a combination of value 
adding and non-value adding activities. When discussed, the 
reason for including the activities were based on the time 
significance for the person during the morning. For example, if 
walking to and waiting for public transport was a significant 
part of the morning, it was included in the process map even 
though transport and waiting time traditionally are non-value 
adding. 

Fig. 2. Resource-oriented process map, as a result of unguided mapping. 
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Looking at the individual activities, they correctly and on a 
detailed level describe the process for the person making the 
process map. However, there were many differences between 
the participants’ processes. Most participants focused on the 
very low-level detail of their morning making it unique to that 
individual. For example, some have children, and some do not, 
and some travel using public transport and others use the car. 
This made it difficult to consolidate all processes to one 
common process. A contributing factor to this was also that the 
process maps were in an individual time sequence order, which 
also was to some degree unique for the individual. This seemed 
to post a constrain in the thought process on how to consolidate 
everyone’s process into one common process. 

When later asked to jointly improve the process, without any 
further instructions, all suggestions from the participants 
seemed naturally to revolve around time optimisation. 
Suggestions included things like moving certain activities 
outside the morning scope, like preparing the breakfast table 
and taking out clothes to wear the evening before, or check 
e-mails at work instead of during the morning at home. 
However, this is more of a sub-optimising improvement as the 
“evening process” or “day process” would now instead include 
more activities. Another suggestion was to remove some less 
necessary activities, for example alarm snoozing. There was 
also a suggestion to do all activities related to a particular room 
at once, to remove the non-value adding activity of walking 
back and forth between the rooms, but the main argument still 
seemed to be about saving time. Some suggestions were also 
around conducting some activities in parallel, like starting the 
coffee machine so that it brews the coffee while taking a 
shower. This however is still focused on time saving. 

4.2. Value-guided process mapping 

The guided sessions started with identifying key value 
objectives with the morning process. The actual result of this is 
less relevant to the result of this study, but for the interested 
reader the following are examples of the key value objectives 
identified: (1) Be awake, (2) Be representable, (3) Have energy 
in body, (4) Have mental balance and harmony, (5) Have a 
planned day, (6) Have home in the initial state (tidy) and (7) Be 
at work. When using these key value objectives as a starting 
point for the guided process mapping, it resulted in multiple 
process maps. Fig. 3 shows three of the individual value-guided 
process maps, where “V1”, “V2” and “V3” illustrate three of 
the value objectives identified by the participants. One main 
difference was that the activities (“A1”, “A2”, “A3” etc.) were 
now solely either value adding or value enabling activities. The 
non-value adding activities, like waiting for a bus, had naturally 
no belonging in the process maps since the key value objectives 
and their underlying activities were the focus. With a value 

objective oriented process mapping approach, the link between 
activities and purpose also became more transparent. Clarity is 
typically recognised as beneficial in motivational theories for 
when setting goals and objectives [26]. The size of the 
individual processes also became smaller, but as the instruction 
was to achieve somewhere between five and nine steps for each 
sub- process, this was clearly expected. However, this proved 
it easier to overlook and cognitively process the information as 
the size is within the working memory capacity. 

As the morning processes now became divided into value 
objective sub-processes, they also became more modular. If 
one would conduct project planning for a process like this, it 
could make it easier to select those activities necessary for a 
particular morning. As an example, if one would oversleep and 
there is not enough time to do all the usual activities, one can 
easily evaluate and prioritise which key value objectives are 
absolutely necessary and which activities can be excluded. 
From the examples earlier mentioned, the key value objective 
(6) “Have home in the initial state (tidy)” and its associated 
activities can normally be postponed to the evening when back 
from work. As the morning routines are not such a complex 
process, these prioritisations can probably be made intuitively. 
However, for a more complex industrial process, this 
documented transparency could be beneficial for the 
prioritisations work that could become necessary when project 
time and money are stretched. 

In terms of the improvements proposed by the workshop 
participants, for the value-guided process mapping there were 
also proposals focusing on time improvements as seen in the 
unguided workshops. However, the discussion additionally 
revolved more around how to achieve and improve the quality 
of the identified value objectives, by optimising the activities 
and how to better enable them. These enablers also started to 
stretch outside the morning scope. For example, to ensure that 
one can eat a healthy breakfast to ensure that the key value 
objective (3) “Have energy in body” is fulfilled, the right food 
needs to be available at home. Therefore, the food shopping 
activity is crucial to achieve this, which for these participants 
is not an activity conducted during the morning process. It is 
potentially also conducted by someone else in the family, 
making the process now go from being individually resource-
oriented to become more cross-individually oriented. In an 
industrial context, this could be compared to going from a 
functional oriented process to cross-functional. This new 
activity outside the morning scope is illustrated as “X” in 
Fig. 3. 

Another topic of discussion that was spontaneously initiated 
was if the initially identified key value objectives were 
correctly formulated to start with. Maybe “to have energy in 
the body” is not a good enough objective, but it should perhaps 
read “have energy in the body until lunch”. Again, this led to 
qualitative discussions on which food categories would be 
better suited to achieve this key value objective. There were 
however some discussions on time optimisation as well, but far 
more innovative suggestions were proposed compared to the 
previous unguided workshops. If “have energy in the body until 
lunch” is the value objective, it was suggested to eat less during 
the morning and instead eat several times before lunch. It was 
argued that this would be more time efficient during the Fig. 3. Value objective oriented process map, as a result of guided mapping. 
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morning process and perhaps also give a more stable blood 
glucose level along the day. 

5. Discussion 

Both the resource-oriented and value-oriented process map 
are correct in their own respective way. The only difference is 
the perspective from which they have been modelled. In Fig. 
4 part of the resource-oriented process map (Fig. 2) and the 
value-oriented process map (Fig. 3) are combined. Most 
activities in both are hopefully related to some kind of value 
objective but the connection to these will not be clear if 
modelled in a resource perspective. As Modig and Åhlström 
[25] similarly explain, one needs first to focus on the value 
flow efficiency before resources efficiency. Once the value 
objective oriented process is executed, let’s say in an 
industrial Product Development (PD) project, it is down to a 
project manager to ensure efficient use of resources and that 
deadlines are met. 

As Lean, value flow and processes do get a high degree of 
attention at companies, how come there are still many 
functional resource-oriented process models out there? One 
reason could be that many companies still have a functionally 
structured organisation where managers are resource owners, 
as opposed to holistic wide process owners [3,24]. So, during 
process modelling initiatives, each of these functions is 
individually tasked to model their respective processes. 

The industrial experience of the authors for this paper is that 
the company’s common goals are quickly interpreted down to 
individual functional departments and looked at in isolation. 
Even though cross-functional collaboration is today common, 
the bottom level objectives still seem isolated and individual. 
However, with a more holistic mindset, common process 
objectives can be achieved, where employees see their 
contribution in relation to the larger goals. This is also 
contributing to better operational performance and more 
motivated employees [27]. One common value objective for 
the PD process that was identified by Cederberg and Enarson 
[28], is to be able to use existing production systems to reduce 
time to market as well as reduced production development cost. 

This objective is not achieved by one functional department but 
achieved jointly by both the Design Engineering through 
design of the product, and by Production Engineering through 
design of flexible production systems. Concurrent or 
simultaneous engineering (CE or SE) are two common 
expressions for when product development and production 
development are working simultaneously, but often on separate 
deliveries. However, their individual activities are through the 
value objective perspective likely part of the same value flow, 
contributing to the same cross-functional value objective. 
Therefore, it would perhaps be better to coin a new term 
emphasising this cooperation on achieving common value 
objectives; “Value Objective Engineering” (VOE). VOE 
requires new value objectives to be identified for the overall 
product development process. For each of the identified value 
objectives, new process maps need to be modelled. With this in 
place, a PD project manager can then efficiently allocate the 
necessary competence and resource to the activities, 
independent of the organisational structure of the company. 

As demonstrated in this study, the important improvement 
work was different between the two types of workshops. The 
reason there were more innovative proposals and discussion for 
the value objective oriented process mapping was perhaps that 
there was more commonality between the participants’ 
individual process maps. There was less focus on time 
sequence details and low-level details of the different activities. 
The viewpoint was lifted to a higher and more holistic level, 
and from there the details were specified jointly. There was also 
a clearer connection between the activities and their specific 
purpose, as there was a direct path to the objective to be 
achieved. The smaller sized process maps can have contributed 
to this as well. Mendling et al. [29] also indicate that the size of 
models have an influence on the understandability, whereas 
larger models become more difficult to understand. They give 
no guidance on a good size, but as seen in cognitive research, 
seven plus minus two seems to be the capacity of the working 
memory and could be the reason for the process clarity [14]. 

There exists far more comprehensive studies and papers on 
how to succeed with the business process model (BPM) 
journey [27,29–33]. However, for a company to even start 
looking into this thorough work it needs a critical mass of 
people interested enough in BPM. This study intends only 
through simple means to complement this comprehensive work 
by addressing some important BPM issues observed at 
companies. Companies can through this approach advance with 
their process work without large investments in process 
training. This small insight in the problem of modelling from a 
resource perspective, and how to start focusing on the true 
value objective, can with simple measures get the BPM ball 
rolling. The roleplay training approach could be an interesting 
complement to make the process orientation perspective to 
stick [34]. 

The result of this study is currently limited in applicability 
as the experiment is limited in size, the participants are from 
one and the same company and many also from the same 
department. Another research validity risk is that the authors 
were present during the workshops and acting as facilitator. 
This introduces a risk that the participants are guided into some 
presumptions of the authors, which gives an author-biased data. 

Fig. 4. Two perspectives combined, both resource and value objective 
process maps. 
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Looking at the individual activities, they correctly and on a 
detailed level describe the process for the person making the 
process map. However, there were many differences between 
the participants’ processes. Most participants focused on the 
very low-level detail of their morning making it unique to that 
individual. For example, some have children, and some do not, 
and some travel using public transport and others use the car. 
This made it difficult to consolidate all processes to one 
common process. A contributing factor to this was also that the 
process maps were in an individual time sequence order, which 
also was to some degree unique for the individual. This seemed 
to post a constrain in the thought process on how to consolidate 
everyone’s process into one common process. 

When later asked to jointly improve the process, without any 
further instructions, all suggestions from the participants 
seemed naturally to revolve around time optimisation. 
Suggestions included things like moving certain activities 
outside the morning scope, like preparing the breakfast table 
and taking out clothes to wear the evening before, or check 
e-mails at work instead of during the morning at home. 
However, this is more of a sub-optimising improvement as the 
“evening process” or “day process” would now instead include 
more activities. Another suggestion was to remove some less 
necessary activities, for example alarm snoozing. There was 
also a suggestion to do all activities related to a particular room 
at once, to remove the non-value adding activity of walking 
back and forth between the rooms, but the main argument still 
seemed to be about saving time. Some suggestions were also 
around conducting some activities in parallel, like starting the 
coffee machine so that it brews the coffee while taking a 
shower. This however is still focused on time saving. 

4.2. Value-guided process mapping 

The guided sessions started with identifying key value 
objectives with the morning process. The actual result of this is 
less relevant to the result of this study, but for the interested 
reader the following are examples of the key value objectives 
identified: (1) Be awake, (2) Be representable, (3) Have energy 
in body, (4) Have mental balance and harmony, (5) Have a 
planned day, (6) Have home in the initial state (tidy) and (7) Be 
at work. When using these key value objectives as a starting 
point for the guided process mapping, it resulted in multiple 
process maps. Fig. 3 shows three of the individual value-guided 
process maps, where “V1”, “V2” and “V3” illustrate three of 
the value objectives identified by the participants. One main 
difference was that the activities (“A1”, “A2”, “A3” etc.) were 
now solely either value adding or value enabling activities. The 
non-value adding activities, like waiting for a bus, had naturally 
no belonging in the process maps since the key value objectives 
and their underlying activities were the focus. With a value 

objective oriented process mapping approach, the link between 
activities and purpose also became more transparent. Clarity is 
typically recognised as beneficial in motivational theories for 
when setting goals and objectives [26]. The size of the 
individual processes also became smaller, but as the instruction 
was to achieve somewhere between five and nine steps for each 
sub- process, this was clearly expected. However, this proved 
it easier to overlook and cognitively process the information as 
the size is within the working memory capacity. 

As the morning processes now became divided into value 
objective sub-processes, they also became more modular. If 
one would conduct project planning for a process like this, it 
could make it easier to select those activities necessary for a 
particular morning. As an example, if one would oversleep and 
there is not enough time to do all the usual activities, one can 
easily evaluate and prioritise which key value objectives are 
absolutely necessary and which activities can be excluded. 
From the examples earlier mentioned, the key value objective 
(6) “Have home in the initial state (tidy)” and its associated 
activities can normally be postponed to the evening when back 
from work. As the morning routines are not such a complex 
process, these prioritisations can probably be made intuitively. 
However, for a more complex industrial process, this 
documented transparency could be beneficial for the 
prioritisations work that could become necessary when project 
time and money are stretched. 

In terms of the improvements proposed by the workshop 
participants, for the value-guided process mapping there were 
also proposals focusing on time improvements as seen in the 
unguided workshops. However, the discussion additionally 
revolved more around how to achieve and improve the quality 
of the identified value objectives, by optimising the activities 
and how to better enable them. These enablers also started to 
stretch outside the morning scope. For example, to ensure that 
one can eat a healthy breakfast to ensure that the key value 
objective (3) “Have energy in body” is fulfilled, the right food 
needs to be available at home. Therefore, the food shopping 
activity is crucial to achieve this, which for these participants 
is not an activity conducted during the morning process. It is 
potentially also conducted by someone else in the family, 
making the process now go from being individually resource-
oriented to become more cross-individually oriented. In an 
industrial context, this could be compared to going from a 
functional oriented process to cross-functional. This new 
activity outside the morning scope is illustrated as “X” in 
Fig. 3. 

Another topic of discussion that was spontaneously initiated 
was if the initially identified key value objectives were 
correctly formulated to start with. Maybe “to have energy in 
the body” is not a good enough objective, but it should perhaps 
read “have energy in the body until lunch”. Again, this led to 
qualitative discussions on which food categories would be 
better suited to achieve this key value objective. There were 
however some discussions on time optimisation as well, but far 
more innovative suggestions were proposed compared to the 
previous unguided workshops. If “have energy in the body until 
lunch” is the value objective, it was suggested to eat less during 
the morning and instead eat several times before lunch. It was 
argued that this would be more time efficient during the Fig. 3. Value objective oriented process map, as a result of guided mapping. 
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morning process and perhaps also give a more stable blood 
glucose level along the day. 

5. Discussion 

Both the resource-oriented and value-oriented process map 
are correct in their own respective way. The only difference is 
the perspective from which they have been modelled. In Fig. 
4 part of the resource-oriented process map (Fig. 2) and the 
value-oriented process map (Fig. 3) are combined. Most 
activities in both are hopefully related to some kind of value 
objective but the connection to these will not be clear if 
modelled in a resource perspective. As Modig and Åhlström 
[25] similarly explain, one needs first to focus on the value 
flow efficiency before resources efficiency. Once the value 
objective oriented process is executed, let’s say in an 
industrial Product Development (PD) project, it is down to a 
project manager to ensure efficient use of resources and that 
deadlines are met. 

As Lean, value flow and processes do get a high degree of 
attention at companies, how come there are still many 
functional resource-oriented process models out there? One 
reason could be that many companies still have a functionally 
structured organisation where managers are resource owners, 
as opposed to holistic wide process owners [3,24]. So, during 
process modelling initiatives, each of these functions is 
individually tasked to model their respective processes. 

The industrial experience of the authors for this paper is that 
the company’s common goals are quickly interpreted down to 
individual functional departments and looked at in isolation. 
Even though cross-functional collaboration is today common, 
the bottom level objectives still seem isolated and individual. 
However, with a more holistic mindset, common process 
objectives can be achieved, where employees see their 
contribution in relation to the larger goals. This is also 
contributing to better operational performance and more 
motivated employees [27]. One common value objective for 
the PD process that was identified by Cederberg and Enarson 
[28], is to be able to use existing production systems to reduce 
time to market as well as reduced production development cost. 

This objective is not achieved by one functional department but 
achieved jointly by both the Design Engineering through 
design of the product, and by Production Engineering through 
design of flexible production systems. Concurrent or 
simultaneous engineering (CE or SE) are two common 
expressions for when product development and production 
development are working simultaneously, but often on separate 
deliveries. However, their individual activities are through the 
value objective perspective likely part of the same value flow, 
contributing to the same cross-functional value objective. 
Therefore, it would perhaps be better to coin a new term 
emphasising this cooperation on achieving common value 
objectives; “Value Objective Engineering” (VOE). VOE 
requires new value objectives to be identified for the overall 
product development process. For each of the identified value 
objectives, new process maps need to be modelled. With this in 
place, a PD project manager can then efficiently allocate the 
necessary competence and resource to the activities, 
independent of the organisational structure of the company. 

As demonstrated in this study, the important improvement 
work was different between the two types of workshops. The 
reason there were more innovative proposals and discussion for 
the value objective oriented process mapping was perhaps that 
there was more commonality between the participants’ 
individual process maps. There was less focus on time 
sequence details and low-level details of the different activities. 
The viewpoint was lifted to a higher and more holistic level, 
and from there the details were specified jointly. There was also 
a clearer connection between the activities and their specific 
purpose, as there was a direct path to the objective to be 
achieved. The smaller sized process maps can have contributed 
to this as well. Mendling et al. [29] also indicate that the size of 
models have an influence on the understandability, whereas 
larger models become more difficult to understand. They give 
no guidance on a good size, but as seen in cognitive research, 
seven plus minus two seems to be the capacity of the working 
memory and could be the reason for the process clarity [14]. 

There exists far more comprehensive studies and papers on 
how to succeed with the business process model (BPM) 
journey [27,29–33]. However, for a company to even start 
looking into this thorough work it needs a critical mass of 
people interested enough in BPM. This study intends only 
through simple means to complement this comprehensive work 
by addressing some important BPM issues observed at 
companies. Companies can through this approach advance with 
their process work without large investments in process 
training. This small insight in the problem of modelling from a 
resource perspective, and how to start focusing on the true 
value objective, can with simple measures get the BPM ball 
rolling. The roleplay training approach could be an interesting 
complement to make the process orientation perspective to 
stick [34]. 

The result of this study is currently limited in applicability 
as the experiment is limited in size, the participants are from 
one and the same company and many also from the same 
department. Another research validity risk is that the authors 
were present during the workshops and acting as facilitator. 
This introduces a risk that the participants are guided into some 
presumptions of the authors, which gives an author-biased data. 

Fig. 4. Two perspectives combined, both resource and value objective 
process maps. 



 Anders Johansson  et al. / Procedia CIRP 93 (2020) 718–723 723
6 Author name / Procedia CIRP 00 (2019) 000–000 

Care was taken to avoid this, but unconsciously in body 
language and tone in voice this can have a larger influence than 
wished for. Even though this initial study can be questionable 
in applicability, there still seems to be a striking similarity to 
common complex industrial process mapping initiatives. Large 
process maps with unclear objectives and difficulties to 
improve are common, and some indications to why that is can 
perhaps be found in this study. As this study is limited in scope, 
future studies are required. It would be of benefit to focus on 
larger scale workshops, wider industry participation and focus 
on real industry processes. There are several processes in the 
industry that stretch across several departments but are today 
individually mapped. The cross-functional value objectives 
should be jointly identified and common process maps created. 
This would then be used to see if the benefits identified in this 
study are realised. 

6. Conclusion 

With poor process mapping guidance and competence, the 
process map will become modeller self-centred with little 
attention to the key value objectives. This makes it difficult to 
improve the process, as the main improvement that can be 
identified is that of time optimisation. 

With value objective oriented process maps, the connection 
between the process objective and activities became easier to 
see. This resulted in more creative and innovative process 
improvements and less focus on time optimisation. The 
instructed size of the model, seven plus minus two, probably 
contributed to the positive results, as the whole model with 
objectives could thereby fit in the capacity of the working 
memory. This is aiding in the cognitive processing required for 
the thought process during the improvements. 

The next step to build on this study is to expand the 
workshops and focus on proper core processes found in the 
industry. The initial step is to identify holistic value objectives 
with cross-functional participants. Thereafter, with these value 
objectives in focus, to map the common process.  
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Care was taken to avoid this, but unconsciously in body 
language and tone in voice this can have a larger influence than 
wished for. Even though this initial study can be questionable 
in applicability, there still seems to be a striking similarity to 
common complex industrial process mapping initiatives. Large 
process maps with unclear objectives and difficulties to 
improve are common, and some indications to why that is can 
perhaps be found in this study. As this study is limited in scope, 
future studies are required. It would be of benefit to focus on 
larger scale workshops, wider industry participation and focus 
on real industry processes. There are several processes in the 
industry that stretch across several departments but are today 
individually mapped. The cross-functional value objectives 
should be jointly identified and common process maps created. 
This would then be used to see if the benefits identified in this 
study are realised. 

6. Conclusion 

With poor process mapping guidance and competence, the 
process map will become modeller self-centred with little 
attention to the key value objectives. This makes it difficult to 
improve the process, as the main improvement that can be 
identified is that of time optimisation. 

With value objective oriented process maps, the connection 
between the process objective and activities became easier to 
see. This resulted in more creative and innovative process 
improvements and less focus on time optimisation. The 
instructed size of the model, seven plus minus two, probably 
contributed to the positive results, as the whole model with 
objectives could thereby fit in the capacity of the working 
memory. This is aiding in the cognitive processing required for 
the thought process during the improvements. 

The next step to build on this study is to expand the 
workshops and focus on proper core processes found in the 
industry. The initial step is to identify holistic value objectives 
with cross-functional participants. Thereafter, with these value 
objectives in focus, to map the common process.  
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1. Introduction

The popular definition of sustainable development is from 
the UN report ‘Our Common Future’, also known as the 
Brundtland report. It states ‘Sustainable development is 
development that meets the needs of the present without 
compromising the ability of future generations to meet their 
own needs...’ [1]. Sustainable development is often 
considered within the three areas economy, society and 
environment, also known as the triple-bottom-line, said to be 
coined by John Elkington in 1994 [2]. In recent years, variants 
of a fourth pillar have been appearing, sometimes representing 
culture [3], or future generation to emphasise the long-term 
consideration [4]. 

If a manufacturing operation will be sustainable or not, will 
largely be predetermined already at the development stage of 
the manufacturing system. When a company decides what 
machines to invest in, many aspects will be determined. 
Evaluation models have been developed over the years to 

assist in the investment process to ensure that the right 
decisions are being made. Less financially orientated aspects 
like environmental impact, health and safety, quality etc., are 
commonly translated into monetary value so that it can be 
included in the traditional financial evaluation models. This 
has sometimes shown to be rather difficult as the full extent is 
complicated to understand and calculate. Other evaluation 
models have been developed to handle this challenge, and one 
comprehensive model is the System Value Model [5]. It 
comprises of four attributes that are individually evaluated; 
Suitability, Capability, Performance and Productivity. Others 
have focused more on specific elements like material, energy 
and waste metrics [6]. 

Even though focusing on improving environmental metrics 
also show to have a positive impact on the financial results of 
a company [7], this paper intends to focus on the economical 
pillar of sustainability and how the methods and models can 
be improved. As most companies have a profit orientated 
business model, the bottom line decision still resides within 
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included in the traditional financial evaluation models. This 
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the tangible financial aspect. Classical financial models like 
Return on Investment (ROI) [8], Net Present Value (NPV), 
Life Cycle Cost (LCC) and Total Cost of Ownership (TCO) 
are used to calculate the expected financial performance to be 
able to compare one investment option against another. 

However, one aspect that is still difficult to evaluate using 
these models is the consequences of market fluctuations and 
consequently changes in production volume. With these 
changes, there will also be effects on the financial 
performance, both because of the direct effect on sales 
volume, but also the indirect effect due to the cost models. As 
the market demand is continuously more and more difficult to 
predict [9], it is important to be at least able to manage the 
risks associated with this uncertainty. 

This paper aims to investigate the effect on an investment 
decision, if detailed consideration would be given to the 
composition and proportion between fixed and variable cost, 
as well as the business cycle behaviour. The intention is also 
to develop a new approach to investment decisions that takes 
these aspects into consideration, which results in financially 
more sustainable systems. Two manufacturing systems, 
producing the same product and having the same total 
capacity, is used as case study objects. Comprehensive and 
real production cost data is collected from the ongoing 
operation, to ensure that the argumentation is founded on a 
real scenario. 

2. Research theoretical frame of reference 

This study is based around two theoretical frames of 
reference. The first is the definition of cost found in 
accounting and financial literature. The second is what market 
demand and business cycles look like and how they behave 
over time. 

2.1. Cost frame of reference 

Cost is composed, in essence, of fixed and variable cost 
elements. In an industry context, this means that theoretically 
with increased production volume, the total financial value of 
the ‘ fixed’  cost would not change. The total ‘ variable’  cost 
would on the other hand be increased with increasing volume. 
However, looking at the cost per product it has the opposite 
behaviour. The fixed cost would be diluted on more produced 
products and therefore the cost per product would be reduced 
with increasing volume, but the variable cost would be 
unchanged. The graph presented in figure 1 shows how cost 
per product behaves for four cost stereotypical scenarios 
where the distribution of fixed and variable cost differs; 1) 
High fixed cost and high variable cost, 2) Low fixed cost and 
high variable cost, 3) High fixed cost and low variable cost, 
and finally 4) Low fixed cost and low variable cost. Generally 
speaking, from a cost perspective, it will always be the worst 
case to have both high fixed and high variable costs. In the 
same way, it will be ideal to have both low fixed and low 
variable costs. However, in the two middle scenarios, 2) and 
3), it all depends on the production volume as these two 
curves cross each other. In this example, below a volume of 
ten pieces, scenario 2) is financially favourable due to the low 

fixed costs. Similarly, with a production volume over ten 
pieces, scenario 3) would be the preferred system. In reality, 
the production volume is rarely a fixed value unaffected by 
the continuous changes of market demand and cycles of 
business.

2.2. Market and business cycles frame of reference 

As observed and studied by business owners and 
researchers over decades now, it is clear that there is a cyclic 
behaviour of any economic system. The current standard and 
definition of business cycles were developed in the first half 
of the 20th century by Burns and Mitchell [10]. There are 
some different terminologies available in the literature today, 
but the principle is the same. The cycle consists of an 
expansion phase that reaches a peak, which is then followed 
by a recession and contraction that finish into revival that 
merges with the next cycle’s expansion phase again, see 
figure 2. The amplitude between a peak and a revival point 
depends on the specific business market. Even though it is 
described as cyclic, it is still proven difficult to predict the 
exact point and reasons for when the next phase is entered and 
for how long a phase will last. In retrospect when data is 
available, this can be calculated, but even here there are some 
different methodologies available. According to the National 

Figure 1. Cost per product for four stereotypical scenarios.

Figure 2. Business cycle definition.
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Bureau of Economic Research (NBER) the US business cycle 
is in average 69,5 months between the years of 1945 and 2009 
[11]. Studies of the European business cycles indicate that it is 
in synchronous with the US cycle, for most times, but with a 
slight delay [12]. 

3. Methodology 

A qualitative case study has been selected to explore and 
demonstrate the potential effect on an investment decision, if 
consideration is given to the business cycles and consequently 
changes in production volume and the cost of production. The 
data for this study was collected mainly from the economy 
system for two manufacturing systems at a large Swedish 
manufacturing company. The reason for selecting these 
particular systems was that they are producing the same 
product with the same total capacity, but differ in many other 
respects. This makes them ideal to study in different aspects 
like operator health, logistical flow, maintenance, flexibility 
etc. This study is however limited to only look at the total 
operating cost and cost per product. Semi-structured 
interviews have been conducted to better understand the 
details behind the numbers and the origin of the data. This 
makes it easier to validate if there exist any uncertainty in the 
validity of the data. 

3.1. The two studied manufacturing systems 

One of the two studied systems was designed and acquired 
during the mid 90’s with robustness and volume in mind. It is 
of transfer line type in which little flexibility exists. One 
reason for the lack of flexibility is that the cutting tools for 
many machines are mounted on a rig with several spindles 
fixed in its locations. The second system is more recently 
acquired with a completely different focus when it was 
designed. Flexibility was one of the key areas addressed, so 
instead of using special purpose built machines like in the 
transfer line, conventional CNC machining centres with a 
single spindle were acquired to allow for a much higher 
degree of product flexibility. To compensate for the lack of 
operation speed as a result of using a single spindle, multiple 
machines are working in parallel for the same operation. This 
also gives a higher degree of system reliability, as production 
can continue with reduced capacity if a single machine stops. 
The transfer line on the other hand would completely stop if 
any machine would stop. Both systems have comparable 
initial investment cost, after converting all investment costs 
into the monetary value of 2014 by using Edvinsson and 
Söderberg (2011) consumer price index (CPI) for Sweden 
[13].

The product being manufactured in these systems is engine 
cylinder block used for heavy trucks, busses, industrial 
applications and marine applications, see figure 3. The raw 
material going into these systems is a cast iron cylinder block 
of different alloys. The studied systems then predominantly 
process the product through traditional metal removal. 
However, some operations are of other character such as 
permanent identity part marking, cleaning operations and 
smaller assembly cells for plugs, bearing and bearing caps. 

4. Results 

Traditionally when investment options are compared, 
typical financial models are used which includes the initial 
investment cost, the continuous running cost and sales, to then 
establish the return on investment. Most data fed into the 
model will be estimates and predictions, as they will not be 
known for sure at the investment point. This includes the 
uncertainty of the market demand and thus also the production 
volume. In the example shown in table 1, two investment 
options are compared against one another. The individual 
elements differ between the options, but overall the return on 
investment (ROI) seems to be comparable at around six and a 
half years. However, this traditional method of comparing 
investment options give no insight in what happens if sale 
volume goes up or down, or if one cannot sell the product for 
the expected sell price. The reason for this is that they have a 
rather static approach, where the input data is fixed to 
represent the expected levels. Only predictions of volume, 
cost and sale price are fed into the model. However, due to the 
complex relationship between these elements and the actual 
realised technical system, it does not reveal of what will 
happen when one or more elements change. 

Table 1. Example of a simple Return on Investment comparison.

System A System B 
Initial Investment Cost 50 000 000 45 000 000 

Year ly running cost 12 500 000 13 000 000 
Overhead 2 625 000 3 510 000 
Capital 3 500 000 3 900 000 
Maintenance 2 125 000 1 690 000 
Consumables 875 000 1 040 000 
Transport 1 125 000 1 300 000 
Operators 1 500 000 1 170 000 
Other 750 000 390 000 

Sales 20 000 000 20 000 000 
Volume 10 000 10 000 
Sale price 2 000 2 000 

Return on Investment 6 years 
7 months 

6 years 
5 months 

Figure 3. Engine cylinder block produced in studied systems.
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the tangible financial aspect. Classical financial models like 
Return on Investment (ROI) [8], Net Present Value (NPV), 
Life Cycle Cost (LCC) and Total Cost of Ownership (TCO) 
are used to calculate the expected financial performance to be 
able to compare one investment option against another. 

However, one aspect that is still difficult to evaluate using 
these models is the consequences of market fluctuations and 
consequently changes in production volume. With these 
changes, there will also be effects on the financial 
performance, both because of the direct effect on sales 
volume, but also the indirect effect due to the cost models. As 
the market demand is continuously more and more difficult to 
predict [9], it is important to be at least able to manage the 
risks associated with this uncertainty. 

This paper aims to investigate the effect on an investment 
decision, if detailed consideration would be given to the 
composition and proportion between fixed and variable cost, 
as well as the business cycle behaviour. The intention is also 
to develop a new approach to investment decisions that takes 
these aspects into consideration, which results in financially 
more sustainable systems. Two manufacturing systems, 
producing the same product and having the same total 
capacity, is used as case study objects. Comprehensive and 
real production cost data is collected from the ongoing 
operation, to ensure that the argumentation is founded on a 
real scenario. 

2. Research theoretical frame of reference 

This study is based around two theoretical frames of 
reference. The first is the definition of cost found in 
accounting and financial literature. The second is what market 
demand and business cycles look like and how they behave 
over time. 

2.1. Cost frame of reference 

Cost is composed, in essence, of fixed and variable cost 
elements. In an industry context, this means that theoretically 
with increased production volume, the total financial value of 
the ‘ fixed’  cost would not change. The total ‘ variable’  cost 
would on the other hand be increased with increasing volume. 
However, looking at the cost per product it has the opposite 
behaviour. The fixed cost would be diluted on more produced 
products and therefore the cost per product would be reduced 
with increasing volume, but the variable cost would be 
unchanged. The graph presented in figure 1 shows how cost 
per product behaves for four cost stereotypical scenarios 
where the distribution of fixed and variable cost differs; 1) 
High fixed cost and high variable cost, 2) Low fixed cost and 
high variable cost, 3) High fixed cost and low variable cost, 
and finally 4) Low fixed cost and low variable cost. Generally 
speaking, from a cost perspective, it will always be the worst 
case to have both high fixed and high variable costs. In the 
same way, it will be ideal to have both low fixed and low 
variable costs. However, in the two middle scenarios, 2) and 
3), it all depends on the production volume as these two 
curves cross each other. In this example, below a volume of 
ten pieces, scenario 2) is financially favourable due to the low 

fixed costs. Similarly, with a production volume over ten 
pieces, scenario 3) would be the preferred system. In reality, 
the production volume is rarely a fixed value unaffected by 
the continuous changes of market demand and cycles of 
business.

2.2. Market and business cycles frame of reference 

As observed and studied by business owners and 
researchers over decades now, it is clear that there is a cyclic 
behaviour of any economic system. The current standard and 
definition of business cycles were developed in the first half 
of the 20th century by Burns and Mitchell [10]. There are 
some different terminologies available in the literature today, 
but the principle is the same. The cycle consists of an 
expansion phase that reaches a peak, which is then followed 
by a recession and contraction that finish into revival that 
merges with the next cycle’s expansion phase again, see 
figure 2. The amplitude between a peak and a revival point 
depends on the specific business market. Even though it is 
described as cyclic, it is still proven difficult to predict the 
exact point and reasons for when the next phase is entered and 
for how long a phase will last. In retrospect when data is 
available, this can be calculated, but even here there are some 
different methodologies available. According to the National 

Figure 1. Cost per product for four stereotypical scenarios.

Figure 2. Business cycle definition.
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Bureau of Economic Research (NBER) the US business cycle 
is in average 69,5 months between the years of 1945 and 2009 
[11]. Studies of the European business cycles indicate that it is 
in synchronous with the US cycle, for most times, but with a 
slight delay [12]. 

3. Methodology 

A qualitative case study has been selected to explore and 
demonstrate the potential effect on an investment decision, if 
consideration is given to the business cycles and consequently 
changes in production volume and the cost of production. The 
data for this study was collected mainly from the economy 
system for two manufacturing systems at a large Swedish 
manufacturing company. The reason for selecting these 
particular systems was that they are producing the same 
product with the same total capacity, but differ in many other 
respects. This makes them ideal to study in different aspects 
like operator health, logistical flow, maintenance, flexibility 
etc. This study is however limited to only look at the total 
operating cost and cost per product. Semi-structured 
interviews have been conducted to better understand the 
details behind the numbers and the origin of the data. This 
makes it easier to validate if there exist any uncertainty in the 
validity of the data. 

3.1. The two studied manufacturing systems 

One of the two studied systems was designed and acquired 
during the mid 90’s with robustness and volume in mind. It is 
of transfer line type in which little flexibility exists. One 
reason for the lack of flexibility is that the cutting tools for 
many machines are mounted on a rig with several spindles 
fixed in its locations. The second system is more recently 
acquired with a completely different focus when it was 
designed. Flexibility was one of the key areas addressed, so 
instead of using special purpose built machines like in the 
transfer line, conventional CNC machining centres with a 
single spindle were acquired to allow for a much higher 
degree of product flexibility. To compensate for the lack of 
operation speed as a result of using a single spindle, multiple 
machines are working in parallel for the same operation. This 
also gives a higher degree of system reliability, as production 
can continue with reduced capacity if a single machine stops. 
The transfer line on the other hand would completely stop if 
any machine would stop. Both systems have comparable 
initial investment cost, after converting all investment costs 
into the monetary value of 2014 by using Edvinsson and 
Söderberg (2011) consumer price index (CPI) for Sweden 
[13].

The product being manufactured in these systems is engine 
cylinder block used for heavy trucks, busses, industrial 
applications and marine applications, see figure 3. The raw 
material going into these systems is a cast iron cylinder block 
of different alloys. The studied systems then predominantly 
process the product through traditional metal removal. 
However, some operations are of other character such as 
permanent identity part marking, cleaning operations and 
smaller assembly cells for plugs, bearing and bearing caps. 

4. Results 

Traditionally when investment options are compared, 
typical financial models are used which includes the initial 
investment cost, the continuous running cost and sales, to then 
establish the return on investment. Most data fed into the 
model will be estimates and predictions, as they will not be 
known for sure at the investment point. This includes the 
uncertainty of the market demand and thus also the production 
volume. In the example shown in table 1, two investment 
options are compared against one another. The individual 
elements differ between the options, but overall the return on 
investment (ROI) seems to be comparable at around six and a 
half years. However, this traditional method of comparing 
investment options give no insight in what happens if sale 
volume goes up or down, or if one cannot sell the product for 
the expected sell price. The reason for this is that they have a 
rather static approach, where the input data is fixed to 
represent the expected levels. Only predictions of volume, 
cost and sale price are fed into the model. However, due to the 
complex relationship between these elements and the actual 
realised technical system, it does not reveal of what will 
happen when one or more elements change. 

Table 1. Example of a simple Return on Investment comparison.

System A System B 
Initial Investment Cost 50 000 000 45 000 000 

Year ly running cost 12 500 000 13 000 000 
Overhead 2 625 000 3 510 000 
Capital 3 500 000 3 900 000 
Maintenance 2 125 000 1 690 000 
Consumables 875 000 1 040 000 
Transport 1 125 000 1 300 000 
Operators 1 500 000 1 170 000 
Other 750 000 390 000 

Sales 20 000 000 20 000 000 
Volume 10 000 10 000 
Sale price 2 000 2 000 

Return on Investment 6 years 
7 months 

6 years 
5 months 

Figure 3. Engine cylinder block produced in studied systems.
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To be able to manage the risk with changing demands, a 
deeper analysis is required in the composition of fixed and 
variable costs. Data for most of 2013 and 2014 has been 
collected for both studied systems. The graph presented in 
figure 4 shows ‘Cost per product’  against ‘Volume per 
month’ . Even if the total capacity for both systems is the 
same, generally, the system with conventional machining 
centres had a lower production volume. 80 percent of the 
months, it produced between 900 and 2500 parts per month, 
while the transfer line system had a much higher volume at 
between 2400 and 3800 parts per month. Nevertheless, best-
fit lines are still possible to be constructed that start revealing 
the composition of fixed and variables cost proportions. Due 
to the company sensitivity of publishing cost related figures, 
all detailed cost values have been anonymised. 

It is clear from the graph that there is a difference in 
financial preference depending on the production volume. For 
lower volume, below 2800 products per month, the machining 
centre system seems financially favourable with a lower cost 
per product. Likewise, with a production volume above 2800 
products per month, the transfer line system would be 
financially better. This is due to differences between the 
proportion of fixed costs and variable costs. The transfer line 
system has a lower and more favourable variable cost, while 
the machining centre system has a lower and more favourable 
fixed cost. The fixed cost for the transfer line system is 
estimated to be 28 percent higher, based on comparing the 
data obtained from the best-fit line. At the same time, the 
variable cost is lower by 45 percent. This is what results in the 
breakeven point at around 2800 parts per month. 

5. Discussion

Typically, decisions today are financially orientated with 
certain estimates defining a decision-point, which is defined 
by the estimates of sales volume, cost etc. Classical models 
like ROI, LCC etc. are used, which contain the data around 
this decision-point. If this decision-point resides to the right of 
the cost break point seen in figure 4, the system with lower 
variable cost will consequently be the most favourable and 
selected. And vice versa, if the decision-point resides to the 

left of the cost break point, the system with lower fixed cost 
will be preferred. As these manufacturing investments in this 
study have an expected lifetime of at least 15 years, but up to 
as much as 30 years, they will exist over several business 
cycles with production volume going up and down. If the 
decision-point lies close enough to where the curves cross 
each other, the selected system might very well not be the 
financially preferred system long-term. 

Instead of focusing on a single decision-point, perhaps 
defined by the systems’  expected total capacity, a line across a 
volume interval should be used, see figure 5. The location and 
length of the line, i.e. volume interval, should be related to the 
expected sale and volume sensitivity of the business cycles. If 
the manufacturing system is located and provide products to 
an area where more uncertainty exists, the length of the 
decision-line would be longer than if the market is more 
resilient to the recession and decline of the business cycle. 
This needs to be established on a case-by-case basis. 
Furthermore, if the line crosses the cost curves’  break point, 
further analyses are required to determine which system 
would long-term be financially better. As seen in both figure 4 
and 5, with lower volume the cost curves become steeper. 
This consequently means that a small reduction in volume can 
have a serious impact on the cost per product, as the fixed cost 
becomes the dominating element. Therefore, for high volume 
production, which is far to the right on these cost curves, the 
cost per product will approach the variable cost element. This 
makes the fixed cost elements less relevant and consideration 
of the distribution of fixed and variable costs is perhaps not 
required in the same extent. Then focus should mainly be to 
invest in a system with low variable cost. 

6. Conclusion 

This paper investigates the potential effect on an 
investment decision if detailed consideration would be given 
to the composition of fixed and variable costs as well as 
business cycles. 

The classical financial models, like ROI, do not give 
insight into what happens if the investment assumptions 
changes over time with shifting business cycles, for example 

Figure 4. Collected cost data for studied manufacturing systems. Figure 5. Difference between ‘decision point’  and ‘decision line’ .
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reduced volume with increased product costs. 
Not knowing this introduce an uncertainty and with this an 

associated risk. This should be managed by understanding 
more about the cost distribution, business cycles and the 
proportion between volume and cost. 

Instead of focus statically on a decision-point with fixed 
volume and cost assumption, a decision-line approach should 
be applied. The length of the decision-line should be in 
relation to the business cycle amplitude for the specific 
market related to the manufacturing system. 

For an industry where the expected production volume lies 
close enough to the cost break point, the investment decision 
would likely become different if consideration is given to the 
composition of fixed and variable cost. 

If there is a high risk for reduced production volume and a 
chance to cross the cost break point, a system with low fixed 
cost is desired, as this would be the dominating cost element. 
If the market is instead relatively stable and volume would 
maintain to the right of the cost break point, a system with 
low variable cost would be preferred. 

As for the studied transfer line, looking at data stretching 
back over the last six years, the average produced parts per 
month is at around 2500. This is below the break point of 
2800. Considering as well that this period has been in the 
expansion phase of the business cycle, it would have been 
financially better to have a system with lower fixed costs, 
similar to the machining centre system studied. 

However, a long-term strategic investment decision should 
not solely be based on financial terms. There are many other 
aspects important to ensure that an acquired manufacturing 
system fulfils the corporate targets. 
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and 5, with lower volume the cost curves become steeper. 
This consequently means that a small reduction in volume can 
have a serious impact on the cost per product, as the fixed cost 
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reduced volume with increased product costs. 
Not knowing this introduce an uncertainty and with this an 

associated risk. This should be managed by understanding 
more about the cost distribution, business cycles and the 
proportion between volume and cost. 

Instead of focus statically on a decision-point with fixed 
volume and cost assumption, a decision-line approach should 
be applied. The length of the decision-line should be in 
relation to the business cycle amplitude for the specific 
market related to the manufacturing system. 

For an industry where the expected production volume lies 
close enough to the cost break point, the investment decision 
would likely become different if consideration is given to the 
composition of fixed and variable cost. 

If there is a high risk for reduced production volume and a 
chance to cross the cost break point, a system with low fixed 
cost is desired, as this would be the dominating cost element. 
If the market is instead relatively stable and volume would 
maintain to the right of the cost break point, a system with 
low variable cost would be preferred. 

As for the studied transfer line, looking at data stretching 
back over the last six years, the average produced parts per 
month is at around 2500. This is below the break point of 
2800. Considering as well that this period has been in the 
expansion phase of the business cycle, it would have been 
financially better to have a system with lower fixed costs, 
similar to the machining centre system studied. 

However, a long-term strategic investment decision should 
not solely be based on financial terms. There are many other 
aspects important to ensure that an acquired manufacturing 
system fulfils the corporate targets. 
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performance need to be evaluated. To manage the financial risks with market volatility, it is important to understand the composition of fixed 
and variable cost factors in relation to the expected volume interval. The  support model developed in this paper will in a simple and 
intuitive way visualise the effect on production cost due to changes in market demands. It can also be used to evaluate the volume sensitivity of 
existing manufacturing systems, even compare systems making different products. 
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1. Introduction 

A decision can either be structured (programmed) or 
unstructured, but individuals might use multiple decision 
strategies for each decision [1][2] and use one of many decision 
support tools available. Bonczek et al. [3] traced the term 
“decision support” back to the early 1970s, which seems to be 
a development of management information system (MIS). 
Comprehensive multi attribute decision support model [9] takes 
into consideration many aspects and gives an ultimate answer, 
while other models are more specific to one certain aspect. 
Economical decisions have been studied since at least the 18th 
century [4], and classical financial models are also a form of 
decision support tool for cost related aspects. This financial 
aspect is weighted against the other benefits and at the end, an 
individual or a group of individuals act as a decision maker. 

Cost is an important financial factor to consider during 
development and improvements of manufacturing systems. 
Many cost models have been developed on both micro level 
looking at the details of what drives the cost, but also on a 
macro level that covers more a system level. Kaplan and 
Anderson [5] developed a macro level framework for allocating 
cost in relation to time, to improve the traditional ABC method. 

Ståhl [6] has developed a cost-per-part model, which to a large 
extend also uses time as a cost driver, but includes other aspects 
such as material cost. This model has also been further 
developed by Jönsson et al. [7]. 

In regards to the financial evaluation in an investment 
selection process, as found in Johansson et al. [8] it is common 
to do analyses such as return on investment (ROI), life cycle 
cost (LCC) or similar. However, as the base for the calculation 
is a given set of conditions., it gives a static snapshot view at 
one situation point. The consequence is that an investment 
option favourable at this point might not be the most favourable 
over a volume interval, se figure 1. This limits the possibility to 
see the bigger picture and how cost is behaving with changing 
conditions. To make financially better and more informed 
decisions, consideration should be given to these business 
cycles and how this effects the product cost. 

The purpose of this study is to visualise cost influence over 
business cycles and the cost sensitivity of manufacturing 
systems. This can be used as a decision support model during 
investment projects, but also to evaluate the cost sensitivity for 
existing manufacturing systems to manage risks associated with 
reduced sales volume. 
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2. Background 

This study is based on the findings in Johansson et al. [8], 
that classical financial evaluation to select investment option, is 
giving a static snapshot scenario, and that the composition of 
fixed and variable cost elements as well as a wider volume 
interval need to be considered. This support model has been 
developed to address this and to support the decision makers 
with easy and intuitive information regarding how cost-
sensitive the manufacturing system is to changes in sales 
volume. Visualisation has been an important objective, inspired 
from the Toyota way of conducting business and managing 
complexity [9][10]. The support model can also be used on 
existing manufacturing systems to be able to evaluate volume 
sensitivity and carry out risk mitigating actions accordingly. 

2.1. Product cost consequence 

The consequence on product cost due to reduced production 
volume is often well recognised, i.e. with lower volume the cost 
per produced product will be increased. However, the reason 
for this is only because of the presence of fixed cost, which is 
being distributed on fewer products. But how much the cost 
will increase for different investment options or manufacturing 
systems is not as obvious. Johansson et al. [8] demonstrated it 
will depend on the cost composition and the size of the business 
cycle. One way to understand more easily these consequences 
would be to visualise the information, to be able to get an 
overview and be able to make a more informed investment 
decision. 

To visualise the actual cost would make it possible to see 
which investment option is favourable at what volume range. 
However, to be able to compare two or more manufacturing 
systems making different products with completely different 
cost range, the comparable value requires to be normalised, 
rather than showing the actual cost. A percentage value or 
similar would make this possible. 

2.2. Composition of fixed and variable costs 

The reason that the cost per product is not linear across a 
volume interval and that the cost curve for different 
manufacturing systems has a different slope and might cross 
one another, is completely due to the presence of a volume 
independent fixed cost element. With higher total fixed cost, 
the higher proportion of fixed costs per product, the steeper the 
slope gets. A steeper curve results in a more volume sensitive 
system with an increasing product cost increase with reduced 
sales. To ensure that the costs are under control and not getting 
too high, it is important to have a low proportion of fixed costs. 
The “right” amount of fixed cost cannot be determined on a 
general level as it is all dependants on the risk of significant 
volume drop, the cost for reducing the fixed costs, the business 
cycle length among other aspects. To support in a decision 
process, the awareness of this cost proportion can aid in the risk 
analyses. As this proportion changes with volume, the 
proportion could be plotted against a volume interval. Once a 
company starts looking at this proportion and start 
understanding the consequence of different cost proportions, 
internal general guidelines can be established specific to that 
business. For example, if the business has a high risk of 
significant reduced sales volume, it should have less fixed cost 
to ensure the product cost is under control. This cost-volume 
sensitivity can also be analysed for existing manufacturing 
systems. By doing this, one can manage the risks and 
appropriately address any potential manufacturing systems 
with an unacceptable level of volume sensitivity. 

2.3. Model input - volume interval and cost 

One important input in the model is the volume interval, and 
a key message in Johansson et al. [8] is that the business cycles 
need to be considered to better be able to estimate the expected 
volume range. The maximum volume could be determined by 
the maximum capacity of the manufacturing system analysed. 
Further than this gives no more value as this area is not possible 
to reach. However, the challenge lies in determining the 
minimum volume expected. From a production function point 
of view, the simple way to go about this is to look at the 
historical data available for production volumes. It is important 
to look far enough in time to capture the cyclic behaviour and 
try to determine how much production volume has been 
affected. Historical business cycle data from National Bureau 
of Economic Research (NBER) shows that the US business 
cycle is in average 69,5 months between the years of 1945 and 
2009 [12], which also coincides approximately with the EU 
cycles as well [13]. However, the future might not look like the 
past, so it is necessary to do some market and world analyses 
to get a better idea of what the future might hold. 

The second prerequisite for the support model is that both 
the fixed cost and variable cost are determined, or at least 
estimated. This can be done in several more or less accurate 
ways, but it is important to appreciate that tracing and 
determining cost can be a time consuming activity. The cost of 
determining cost needs to be balanced with the purpose of the 
analyses and the required accuracy. 

Figure 1. General cost per product as function of volume for two scenarios 
with different proportion of fixed cost and variable cost [8]. 
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2.4. Model proposal and validation 

Through logical reasoning and the desire to understand 
certain parameters, graphical representations have been created 
to address the areas of interest. The proposed solution has then 
been developed and tested on 17 existing manufacturing 
systems with a total of over 9 000 financial data points, as well 
as ongoing investment projects with predicted and estimated 
financial data. The model has further been demonstrated for 
production engineers involved with cost follow up and 
investment projects to obtain feedback on the relevance and 
value of the support model. 

3. Results and analyses 

The support model consists of graphical representations of 
cost per product as a function of reduced volume, and the ratio 
of fixed cost over variable cost also as a function of reduced 
volume. Two similar and comparable manufacturing systems 
producing the same product, system A and B, have been 
selected as the main demonstrator for the support model. 
However, some data has been modified due to business 
sensitivity. This does not affect the proposed solution. 

3.1. Investment decision support model 

One of the easiest information to understand is the one in 
clear language without manipulation. Therefore, the first 
graphical representation proposed is how the actual cost per 
product changes over the volume interval selected. During an 
investment decision scenario several investment options can be 
included in one graph. As long as all manufacturing systems 
included fulfil the technical requirements, it is desired to have 
as low cost as possible. Figure 2 will clearly display which 
manufacturing systems are favourable at what volume interval. 
In the example in figure 2 one can see that system A has a lower 
and more favourable cost per product if the volume stays high. 
If it is expected that the volume would be maintained on a high 
level, from a financial point of view system A is then a better 
investment. Looking at the cost input data it shows that this is 
due to low variable cost. But as system A instead has a higher 

fixed cost, system B will be more favourable if volume is 
significantly reduced. 

Just because system A has a lower variable cost and a higher 
fixed cost than system B, it does not necessary mean that they 
will always cross each other. It depends on the volume interval 
selected. For example, if the selected volume interval were high 
enough, system A would across the volume interval be the most 
favourable system to invest in. And similarly, if the selected 
volume interval were low enough, then system B would always 
be most favourable. 

In the first graphical representation, the change in cost per 
product over a volume interval has been visualised. However, 
the reason for it to change is because there is an element of 
fixed cost. If there were only variable cost elements, the cost 
per product would not change irrespective of the volume. In 
figure 3 the proportion of how much fixed cost there is per 
variable cost is visualised over the selected volume interval. 
This gives an indication on how cost sensitive the 
manufacturing system will be towards reduced volume. In the 
example in figure 3 it clearly shows that system A has a higher 
proportion of fixed cost stretching from around 1.5 to more 
than 6 with reduced volume. The desired proportion is difficult 
to predetermine and need to be looked at for each case. 
However, if a business started looking at this and determining 
how much increased product cost it can manage, internal 
recommendation could be established as a guideline for new 
investments. This can also be used to focus improvements on 
existing manufacturing systems, and new cost models can be 
looked at for aspects that are driving most fixed costs. Leasing 
equipment instead of buying is one example of this [14]. 

3.2. Existing manufacturing system analyses 

Another similar way as figure 2 is to represent the change of 
cost per product as a percentage instead of the actual cost, as 
seen in figure 4. This makes it possible to analyse different 
types of manufacturing systems within the same graph to 
achieve a wider system overview. The volume interval is 
configured individually for each system but displayed together 
between 0 as the system highest volume point down to 60 
percent reduction. If for example all manufacturing systems for 

Figure 2. Cost per product for system A and System B Figure 3. Ratio of fixed and variable cost for system A and system B 
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2. Background 

This study is based on the findings in Johansson et al. [8], 
that classical financial evaluation to select investment option, is 
giving a static snapshot scenario, and that the composition of 
fixed and variable cost elements as well as a wider volume 
interval need to be considered. This support model has been 
developed to address this and to support the decision makers 
with easy and intuitive information regarding how cost-
sensitive the manufacturing system is to changes in sales 
volume. Visualisation has been an important objective, inspired 
from the Toyota way of conducting business and managing 
complexity [9][10]. The support model can also be used on 
existing manufacturing systems to be able to evaluate volume 
sensitivity and carry out risk mitigating actions accordingly. 

2.1. Product cost consequence 

The consequence on product cost due to reduced production 
volume is often well recognised, i.e. with lower volume the cost 
per produced product will be increased. However, the reason 
for this is only because of the presence of fixed cost, which is 
being distributed on fewer products. But how much the cost 
will increase for different investment options or manufacturing 
systems is not as obvious. Johansson et al. [8] demonstrated it 
will depend on the cost composition and the size of the business 
cycle. One way to understand more easily these consequences 
would be to visualise the information, to be able to get an 
overview and be able to make a more informed investment 
decision. 

To visualise the actual cost would make it possible to see 
which investment option is favourable at what volume range. 
However, to be able to compare two or more manufacturing 
systems making different products with completely different 
cost range, the comparable value requires to be normalised, 
rather than showing the actual cost. A percentage value or 
similar would make this possible. 

2.2. Composition of fixed and variable costs 

The reason that the cost per product is not linear across a 
volume interval and that the cost curve for different 
manufacturing systems has a different slope and might cross 
one another, is completely due to the presence of a volume 
independent fixed cost element. With higher total fixed cost, 
the higher proportion of fixed costs per product, the steeper the 
slope gets. A steeper curve results in a more volume sensitive 
system with an increasing product cost increase with reduced 
sales. To ensure that the costs are under control and not getting 
too high, it is important to have a low proportion of fixed costs. 
The “right” amount of fixed cost cannot be determined on a 
general level as it is all dependants on the risk of significant 
volume drop, the cost for reducing the fixed costs, the business 
cycle length among other aspects. To support in a decision 
process, the awareness of this cost proportion can aid in the risk 
analyses. As this proportion changes with volume, the 
proportion could be plotted against a volume interval. Once a 
company starts looking at this proportion and start 
understanding the consequence of different cost proportions, 
internal general guidelines can be established specific to that 
business. For example, if the business has a high risk of 
significant reduced sales volume, it should have less fixed cost 
to ensure the product cost is under control. This cost-volume 
sensitivity can also be analysed for existing manufacturing 
systems. By doing this, one can manage the risks and 
appropriately address any potential manufacturing systems 
with an unacceptable level of volume sensitivity. 

2.3. Model input - volume interval and cost 

One important input in the model is the volume interval, and 
a key message in Johansson et al. [8] is that the business cycles 
need to be considered to better be able to estimate the expected 
volume range. The maximum volume could be determined by 
the maximum capacity of the manufacturing system analysed. 
Further than this gives no more value as this area is not possible 
to reach. However, the challenge lies in determining the 
minimum volume expected. From a production function point 
of view, the simple way to go about this is to look at the 
historical data available for production volumes. It is important 
to look far enough in time to capture the cyclic behaviour and 
try to determine how much production volume has been 
affected. Historical business cycle data from National Bureau 
of Economic Research (NBER) shows that the US business 
cycle is in average 69,5 months between the years of 1945 and 
2009 [12], which also coincides approximately with the EU 
cycles as well [13]. However, the future might not look like the 
past, so it is necessary to do some market and world analyses 
to get a better idea of what the future might hold. 

The second prerequisite for the support model is that both 
the fixed cost and variable cost are determined, or at least 
estimated. This can be done in several more or less accurate 
ways, but it is important to appreciate that tracing and 
determining cost can be a time consuming activity. The cost of 
determining cost needs to be balanced with the purpose of the 
analyses and the required accuracy. 

Figure 1. General cost per product as function of volume for two scenarios 
with different proportion of fixed cost and variable cost [8]. 
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2.4. Model proposal and validation 

Through logical reasoning and the desire to understand 
certain parameters, graphical representations have been created 
to address the areas of interest. The proposed solution has then 
been developed and tested on 17 existing manufacturing 
systems with a total of over 9 000 financial data points, as well 
as ongoing investment projects with predicted and estimated 
financial data. The model has further been demonstrated for 
production engineers involved with cost follow up and 
investment projects to obtain feedback on the relevance and 
value of the support model. 

3. Results and analyses 

The support model consists of graphical representations of 
cost per product as a function of reduced volume, and the ratio 
of fixed cost over variable cost also as a function of reduced 
volume. Two similar and comparable manufacturing systems 
producing the same product, system A and B, have been 
selected as the main demonstrator for the support model. 
However, some data has been modified due to business 
sensitivity. This does not affect the proposed solution. 

3.1. Investment decision support model 

One of the easiest information to understand is the one in 
clear language without manipulation. Therefore, the first 
graphical representation proposed is how the actual cost per 
product changes over the volume interval selected. During an 
investment decision scenario several investment options can be 
included in one graph. As long as all manufacturing systems 
included fulfil the technical requirements, it is desired to have 
as low cost as possible. Figure 2 will clearly display which 
manufacturing systems are favourable at what volume interval. 
In the example in figure 2 one can see that system A has a lower 
and more favourable cost per product if the volume stays high. 
If it is expected that the volume would be maintained on a high 
level, from a financial point of view system A is then a better 
investment. Looking at the cost input data it shows that this is 
due to low variable cost. But as system A instead has a higher 

fixed cost, system B will be more favourable if volume is 
significantly reduced. 

Just because system A has a lower variable cost and a higher 
fixed cost than system B, it does not necessary mean that they 
will always cross each other. It depends on the volume interval 
selected. For example, if the selected volume interval were high 
enough, system A would across the volume interval be the most 
favourable system to invest in. And similarly, if the selected 
volume interval were low enough, then system B would always 
be most favourable. 

In the first graphical representation, the change in cost per 
product over a volume interval has been visualised. However, 
the reason for it to change is because there is an element of 
fixed cost. If there were only variable cost elements, the cost 
per product would not change irrespective of the volume. In 
figure 3 the proportion of how much fixed cost there is per 
variable cost is visualised over the selected volume interval. 
This gives an indication on how cost sensitive the 
manufacturing system will be towards reduced volume. In the 
example in figure 3 it clearly shows that system A has a higher 
proportion of fixed cost stretching from around 1.5 to more 
than 6 with reduced volume. The desired proportion is difficult 
to predetermine and need to be looked at for each case. 
However, if a business started looking at this and determining 
how much increased product cost it can manage, internal 
recommendation could be established as a guideline for new 
investments. This can also be used to focus improvements on 
existing manufacturing systems, and new cost models can be 
looked at for aspects that are driving most fixed costs. Leasing 
equipment instead of buying is one example of this [14]. 

3.2. Existing manufacturing system analyses 

Another similar way as figure 2 is to represent the change of 
cost per product as a percentage instead of the actual cost, as 
seen in figure 4. This makes it possible to analyse different 
types of manufacturing systems within the same graph to 
achieve a wider system overview. The volume interval is 
configured individually for each system but displayed together 
between 0 as the system highest volume point down to 60 
percent reduction. If for example all manufacturing systems for 

Figure 2. Cost per product for system A and System B Figure 3. Ratio of fixed and variable cost for system A and system B 
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a specific factory are included, it gives a good indication how 
volume sensitive your overall factory is, and which systems are 
the most vulnerable to changes in manufacturing volume. 
Figure 4 shows data from the case study company. All systems 
included are related and part of the same product commodity, 
so if sales volume for this commodity is dropped all systems 
are expected to drop about equally much. The graph shows that 
there is a spread of volume sensitivity ranging from 
approximately 60 to over 120 percent cost increase at a 60 
percent loss of volume. But as the actual cost is of importance 
this can also be mapped against costs for each system to 
identify the most critical system to address. For example, if a 
system is both cost sensitive and also the one driving the 
highest cost, it could create severe issues with cash flow if the 
sales and production volume is reduced. 

3.3. Generalisation of cost prediction 

Using the graphical representation of cost per product as a 
function of reduced volume, the cost sensitivity has been 
analysed. However, the key component to this sensitivity is the 
presence of fixed cost that is not related to volume. If there 
were only variable cost, there would be no sensitivity, as for 
reduced volume the cost per product is unchanged. Therefore, 
the proportion of fixed cost per variable cost can act as a 
sensitivity index (IS), to give an indication on how volume 
sensitive a manufacturing system is. This IS is obtained by 
dividing the fixed cost per product by the variable cost per 
product, or the total fixed cost divided by the total variable cost. 
Either way of looking at it gives Eq. (1). 

(1) 

CF is the total amount of fixed cost, CV is the variable cost 
per product and N is the volume. Note that the IS will change 
with volume, so with reduced volume the sensitivity will 
increase even further. However, when analysing a 
manufacturing system, an average, or desired volume, can be 
used as a reference point V0, from which the IS is calculated and 
reduced volume N1 is established. If there is no fixed cost 
present the IS will become zero, and with increasing proportion 
of fixed cost the sensitivity will also increase proportionally. 

From the simple mathematical function of “Cost Increase”, 
Eq. (2), through derivation it results in the new Eq. (6). It 
becomes apparent that the only factors that have an impact on 
the cost increase are the amount of volume reduction and the IS 
value of the manufacturing system. Equation (3) to (5) is 
support to how Eq. (2) is transformed to Eq. (6). 

(2)

(3)

(4)

(5)

(6)

Through Eq. (6) it is now possible to construct a sensitivity 
table, or graph. This can be used to predict the expected cost 
increase of a manufacturing system for a certain volume 
reduction, by only knowing the sensitivity index IS. Table 1 is 
the result of this and can be used for any manufacturing system 
to predict a cost increase with reduced volume. 

Figure 4. Change of cost per product for all 17 systems studied. 
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Table 1. Predicting cost increase due to reduced volume through known IS. 

 Reduced Volume 

IS -10 % -20 % -30 % -40 % -50 % 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

 
This can be used in an investment scenario to mitigate 
unacceptable cost increase due to reduction in volume. For 
example, when looking at a new manufacturing system with a 
IS value of 5 with a risk of volume reduction of 30 percent, we 
know that the cost will increase with 35,7 percent. If this is an 
unacceptable increase, the only way to mitigate this risk is by 
reducing the fixed costs, or somehow manage them so that they 
become more volume related. Example of this is flexible 
employment contracts and reduction of the number of 
consultants at companies. 

4. Discussion 

There are different approaches to go about determining the 
data input for the support model. This can be done more or less 
accurately depending on the requirement of the analyses. In this 
case study the fixed costs and variable cost for the existing 
manufacturing systems were determined by looking on a macro 
level of the manufacturing system by plotting all available 
monthly reported cost data against the production volume for 
the specific month. This was then used to construct a best-fit 
line that will be composed of both the fixed and variable cost 
elements. The square root value for the best-fit line can give an 
indication of the accuracy of this approximate method. Even 
though this method gives little insight into what drives the cost 
and will include an amount of inaccuracy, it is however 
accurate in the sense that all costs are included. 

As with any new support models, there is a risk that they 
require too much understanding of the background for 
individuals to accept and start using it. The relationship 
between the IS value and cost increase might initially be 
difficult to accept. However, as this paper build from clear and 
intuitive cost values and progressively approach to the general 
IS value, the hurdle is hopefully reduced. 

5. Conclusion 

To manage risks with production cost increase associated to 
reduced volume, the cost was presented in graphical 
representation to make the consequence more apparent and 
intuitive to understand for decision makers. Visualising cost 
per product as a function of volume, and the ratio fixed cost per 
variable cost as a function of volume, gives a wider 
understanding of the manufacturing systems analysed. 

The ratio fixed cost per variable cost was determined as the 
underlying reason for cost per product to change with reduced 
volume. Sensitivity index (IS) was coined to represent this ratio, 
and was proven to be the only necessary information to predict 
a cost increase with reduced volume. 
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a specific factory are included, it gives a good indication how 
volume sensitive your overall factory is, and which systems are 
the most vulnerable to changes in manufacturing volume. 
Figure 4 shows data from the case study company. All systems 
included are related and part of the same product commodity, 
so if sales volume for this commodity is dropped all systems 
are expected to drop about equally much. The graph shows that 
there is a spread of volume sensitivity ranging from 
approximately 60 to over 120 percent cost increase at a 60 
percent loss of volume. But as the actual cost is of importance 
this can also be mapped against costs for each system to 
identify the most critical system to address. For example, if a 
system is both cost sensitive and also the one driving the 
highest cost, it could create severe issues with cash flow if the 
sales and production volume is reduced. 

3.3. Generalisation of cost prediction 

Using the graphical representation of cost per product as a 
function of reduced volume, the cost sensitivity has been 
analysed. However, the key component to this sensitivity is the 
presence of fixed cost that is not related to volume. If there 
were only variable cost, there would be no sensitivity, as for 
reduced volume the cost per product is unchanged. Therefore, 
the proportion of fixed cost per variable cost can act as a 
sensitivity index (IS), to give an indication on how volume 
sensitive a manufacturing system is. This IS is obtained by 
dividing the fixed cost per product by the variable cost per 
product, or the total fixed cost divided by the total variable cost. 
Either way of looking at it gives Eq. (1). 

(1) 

CF is the total amount of fixed cost, CV is the variable cost 
per product and N is the volume. Note that the IS will change 
with volume, so with reduced volume the sensitivity will 
increase even further. However, when analysing a 
manufacturing system, an average, or desired volume, can be 
used as a reference point V0, from which the IS is calculated and 
reduced volume N1 is established. If there is no fixed cost 
present the IS will become zero, and with increasing proportion 
of fixed cost the sensitivity will also increase proportionally. 

From the simple mathematical function of “Cost Increase”, 
Eq. (2), through derivation it results in the new Eq. (6). It 
becomes apparent that the only factors that have an impact on 
the cost increase are the amount of volume reduction and the IS 
value of the manufacturing system. Equation (3) to (5) is 
support to how Eq. (2) is transformed to Eq. (6). 

(2)

(3)

(4)

(5)

(6)

Through Eq. (6) it is now possible to construct a sensitivity 
table, or graph. This can be used to predict the expected cost 
increase of a manufacturing system for a certain volume 
reduction, by only knowing the sensitivity index IS. Table 1 is 
the result of this and can be used for any manufacturing system 
to predict a cost increase with reduced volume. 

Figure 4. Change of cost per product for all 17 systems studied. 
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Table 1. Predicting cost increase due to reduced volume through known IS. 

 Reduced Volume 

IS -10 % -20 % -30 % -40 % -50 % 
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This can be used in an investment scenario to mitigate 
unacceptable cost increase due to reduction in volume. For 
example, when looking at a new manufacturing system with a 
IS value of 5 with a risk of volume reduction of 30 percent, we 
know that the cost will increase with 35,7 percent. If this is an 
unacceptable increase, the only way to mitigate this risk is by 
reducing the fixed costs, or somehow manage them so that they 
become more volume related. Example of this is flexible 
employment contracts and reduction of the number of 
consultants at companies. 

4. Discussion 

There are different approaches to go about determining the 
data input for the support model. This can be done more or less 
accurately depending on the requirement of the analyses. In this 
case study the fixed costs and variable cost for the existing 
manufacturing systems were determined by looking on a macro 
level of the manufacturing system by plotting all available 
monthly reported cost data against the production volume for 
the specific month. This was then used to construct a best-fit 
line that will be composed of both the fixed and variable cost 
elements. The square root value for the best-fit line can give an 
indication of the accuracy of this approximate method. Even 
though this method gives little insight into what drives the cost 
and will include an amount of inaccuracy, it is however 
accurate in the sense that all costs are included. 

As with any new support models, there is a risk that they 
require too much understanding of the background for 
individuals to accept and start using it. The relationship 
between the IS value and cost increase might initially be 
difficult to accept. However, as this paper build from clear and 
intuitive cost values and progressively approach to the general 
IS value, the hurdle is hopefully reduced. 

5. Conclusion 

To manage risks with production cost increase associated to 
reduced volume, the cost was presented in graphical 
representation to make the consequence more apparent and 
intuitive to understand for decision makers. Visualising cost 
per product as a function of volume, and the ratio fixed cost per 
variable cost as a function of volume, gives a wider 
understanding of the manufacturing systems analysed. 

The ratio fixed cost per variable cost was determined as the 
underlying reason for cost per product to change with reduced 
volume. Sensitivity index (IS) was coined to represent this ratio, 
and was proven to be the only necessary information to predict 
a cost increase with reduced volume. 
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Abstract 

Key performance indicators (KPI) are used to monitor process performance, and to motivate and give clarity of priorities for 
employees. Although important, KPI:s may have drawbacks in the way that they represent the real performance. The purpose of 
this study is to develop the unit cost KPI. The new KPI discount for the volume influence on the KPI. Secondly, control charts 
tool found in statistical process control (SPC) theory is used to give indication to if the cost variation is within statistical control. 
The proposed method is validated on real data from 16 different cases in a major manufacturing enterprise. 
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operating expenses (OPEX), capital expenditure (CAPEX) and profit margin are still common measures across the 
industries (all acronyms are briefly explained in appendix A). On the factory and operations level, total cost is 
commonly divided by the number of manufactured units, which gives the unit cost KPI. This is an important 
measure to ensure a profitable business, to ensure the costs are not surpassing the price for the product. However, 
from an operational management point of view, unit cost can become a bit misleading when measured on a day-by-
day or month-by-month basis, as the changes in market demand and manufacturing volume have an influence on this 
KPI, without anything has changed in the process. 

The purpose of this study is to tackle this issue by developing a volume independent cost KPI, that is more related 
to the performance of the operations, and therefore more suitable for the short-term follow-up by the operations 
management team. 

2. Theoretical frame of reference 

Sustainability around the world is receiving more and more attention and only a few can have missed the ongoing 
children school strikes on Fridays, initiated by the Swedish girl Greta Thunberg [5–7]. Even though she puts 
emphasis on the environmental aspect and the planet, in a business context sustainability is also about profit and 
people, also known as the 3P or the triple-bottom-line [8]. Looking at the “profit” part of sustainability, production 
cost is an important aspect and it consist of the two components; fixed cost and variable cost. Fixed cost is among 
other things rent and depreciation, while variable cost could be things like cutting tools, consumed material and 
other things directly related to the activity of production [9]. The reason for the manufacturing unit cost being 
volume dependant is due to the presence of fixed cost. With increasing production volume the unit cost is reduced as 
more produced units share the fixed cost ”burden”, also known as economies of scale which dates back to Adam 
Smith [10,11]. How strong this dependency is due to the proportion between the fixed and variable cost. This 
proportion can be used as a sensitivity index as to how much the unit cost will increase with reduced manufacturing 
volume, or vice versa how unit cost will decrease when volumes increase [12]. 

As part of the “people” part of sustainability, it is important with a healthy and motived organisation. 
Organisational motivation and goal setting has been research extensively for many years, but has not always been 
considered a respectable pursue of research [13]. However, it has progressed to be a key component in any 
management literature on running a successful company with motivated and satisfied employees. One common 
method for successfully setting motivating goals is the SMART way [4]. One of the first authors to start advocating 
for goals to be SMART was George T. Doran (1981) during the early eighties [14]. At the time the acronym stood 
for Specific, Measurable, Assignable, Realistic and Time-related [14]. Over the course of almost forty years, quite a 
few different versions of the SMART acronym have been developed, and now alternatives for each letter can be 
found. Additionally, the extension of Evaluated and Reviewed, i.e. ER resulting in SMARTER, has been proposed 
as a further development, but also variants of these two letters exists. [15,16]. As part of the goal setting is to 
measure performance of the operation and follow-up key performance indicators (KPI) [15,17,18]. These KPIs 
should also be written in a SMART way to be as effective as possible [18]. Additionally, another industrial way of 
monitoring performance is through control charts, which origin is from the field of quality engineering and Walter 
A. Shewhart in the 1920s [19]. Control chart is a form of time sequence run chart with the addition of statistical 
based control limits to determine if a process is within a stable state and in control. This has extensively been 
implemented to monitor product quality and manufacturing process stability, in accordance with quality theories 
found for example in the total quality management and the quality tool box [20,21]. Even though it is commonly 
used for product quality, it can be used for any type of process to measure process capability, including economic 
aspects as intended in this study [19]. 

3. Method 

The solution proposed in this study is based on data from a large Swedish industrial company and 16 individual 
manufacturing systems. For these manufacturing systems, the key performance indicators (KPI) have been studied, 
in particularly the one related to cost, which is measured as cost per manufactured unit per month, see Fig. 1. A 
statistical approach has been used to determine the volume dependency for each of the included cost driver, to then 
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operating expenses (OPEX), capital expenditure (CAPEX) and profit margin are still common measures across the 
industries (all acronyms are briefly explained in appendix A). On the factory and operations level, total cost is 
commonly divided by the number of manufactured units, which gives the unit cost KPI. This is an important 
measure to ensure a profitable business, to ensure the costs are not surpassing the price for the product. However, 
from an operational management point of view, unit cost can become a bit misleading when measured on a day-by-
day or month-by-month basis, as the changes in market demand and manufacturing volume have an influence on this 
KPI, without anything has changed in the process. 

The purpose of this study is to tackle this issue by developing a volume independent cost KPI, that is more related 
to the performance of the operations, and therefore more suitable for the short-term follow-up by the operations 
management team. 

2. Theoretical frame of reference 

Sustainability around the world is receiving more and more attention and only a few can have missed the ongoing 
children school strikes on Fridays, initiated by the Swedish girl Greta Thunberg [5–7]. Even though she puts 
emphasis on the environmental aspect and the planet, in a business context sustainability is also about profit and 
people, also known as the 3P or the triple-bottom-line [8]. Looking at the “profit” part of sustainability, production 
cost is an important aspect and it consist of the two components; fixed cost and variable cost. Fixed cost is among 
other things rent and depreciation, while variable cost could be things like cutting tools, consumed material and 
other things directly related to the activity of production [9]. The reason for the manufacturing unit cost being 
volume dependant is due to the presence of fixed cost. With increasing production volume the unit cost is reduced as 
more produced units share the fixed cost ”burden”, also known as economies of scale which dates back to Adam 
Smith [10,11]. How strong this dependency is due to the proportion between the fixed and variable cost. This 
proportion can be used as a sensitivity index as to how much the unit cost will increase with reduced manufacturing 
volume, or vice versa how unit cost will decrease when volumes increase [12]. 

As part of the “people” part of sustainability, it is important with a healthy and motived organisation. 
Organisational motivation and goal setting has been research extensively for many years, but has not always been 
considered a respectable pursue of research [13]. However, it has progressed to be a key component in any 
management literature on running a successful company with motivated and satisfied employees. One common 
method for successfully setting motivating goals is the SMART way [4]. One of the first authors to start advocating 
for goals to be SMART was George T. Doran (1981) during the early eighties [14]. At the time the acronym stood 
for Specific, Measurable, Assignable, Realistic and Time-related [14]. Over the course of almost forty years, quite a 
few different versions of the SMART acronym have been developed, and now alternatives for each letter can be 
found. Additionally, the extension of Evaluated and Reviewed, i.e. ER resulting in SMARTER, has been proposed 
as a further development, but also variants of these two letters exists. [15,16]. As part of the goal setting is to 
measure performance of the operation and follow-up key performance indicators (KPI) [15,17,18]. These KPIs 
should also be written in a SMART way to be as effective as possible [18]. Additionally, another industrial way of 
monitoring performance is through control charts, which origin is from the field of quality engineering and Walter 
A. Shewhart in the 1920s [19]. Control chart is a form of time sequence run chart with the addition of statistical 
based control limits to determine if a process is within a stable state and in control. This has extensively been 
implemented to monitor product quality and manufacturing process stability, in accordance with quality theories 
found for example in the total quality management and the quality tool box [20,21]. Even though it is commonly 
used for product quality, it can be used for any type of process to measure process capability, including economic 
aspects as intended in this study [19]. 

3. Method 

The solution proposed in this study is based on data from a large Swedish industrial company and 16 individual 
manufacturing systems. For these manufacturing systems, the key performance indicators (KPI) have been studied, 
in particularly the one related to cost, which is measured as cost per manufactured unit per month, see Fig. 1. A 
statistical approach has been used to determine the volume dependency for each of the included cost driver, to then 
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later be able to develop a volume independent cost KPI. The software used for the statistical calculation is Microsoft 
Excel. The main reason is that the basic economics of total cost is a linear equation, and this does not require any 
more advanced analytical tool. However, Excel is also a software that the case study company is familiar to, making 
it easier to share the result and ease of implementation within the operations management team. 

 

 
Total cost is a linear function of fixed cost and variable cost as per equation (1) and (2): 

 
𝑦𝑦𝑦𝑦 = 	𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 + 	𝑚𝑚𝑚𝑚 
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Total cost (y) is called the dependant variable, volume (x) the independent variable, unit cost (k) the coefficient 

of the independent variable and fixed cost (m) the constant term, also known as the y intercept. The main 
functionality used in Excel is the statistical classified functions ‘slope’ and ‘intercept’, using the total cost as the 
known y-values and volume as the known x-values. The slope function will return the best-fit linear regression line 
through the data received from the company, giving the theoretical statistical based unit cost. The function intercept 
is also calculating the best-fit linear regression line but will return the y-value for when x (volume) equals zero, i.e. 
the fixed cost (m). 

 

4. Results and analyses 

The result chapter is divided into a description of the current cost monitoring method that has been identified at 
the case company, as well as a proposed and improved volume independent method. 
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Fig. 1. Unit cost KPI monitored month-by-month, where it is difficult to determine if the too high cost is due 
to lack of market demand or actually things costing too much. 
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4.1. Current unit cost KPI 

The unit cost key performance indicator (KPI) is monitored on a month-by-month basis and visualised 
individually for each of the 16 manufacturing systems studied. An example of this based on the cost data from one 
of the systems can be seen in Fig. 1., but as information about the cost is sensitive information the data has been 
anonymised. When evaluating the KPI using the SMART method, the unit cost can be considered a reasonably good 
KPI and the underlying drivers of the unit cost is clearly specified in the department reporting sheet. Some clarity 
could be added to exactly what is driving the individual cost categories, for example overhead cost and other 
indirect costs, but the underlying information is available on request. However, the lack of immediate influence on a 
number of the cost categories as well as the strong dependence to production volume, makes the unit cost KPI 
overall not entirely appropriate from a motivational point of view [4]. The production unit organisation continuously 
works with reducing waste and improve the cost as per the Lean theories, but on a month-by-month basis it is 
difficult to see the improvements as there are other factors creating considerable noise in the diagram. This noise is 
in particular due to the volume fluctuations and invoicing delays. Additionally, organisational fixed cost can be 
difficult to quickly reduce by an individual effort and is more related to long term strategies on structural 
improvements. 

4.2. KPI improvement 

During the analysis it was clear that the KPI could be improved to be more related to the evaluated department, as 
the cost drivers are influenced by other external factors. The external factor that has a significant influence on the 
unit cost is the production volume. The production planning should not strive to produce as much as possible, which 
would give an improved unit cost metric, but instead produce to market demand. There are two ways in which the 
unit cost KPI can be improved to address this problem; 1) by excluding the cost drivers which makes the unit cost 
strongly volume dependent, i.e. those with a larger part of fixed costs, or 2) by constructing a KPI target that is also 
volume dependent and compensate for volume fluctuations. 

The reason why unit cost is volume dependant is because of the presence of fixed cost, which is being distributed 
on the number of parts produced. Furthermore, during this study each of the cost drivers were analysed more in 
depth, and statistically there seems to be some degree of fixed cost elements to most drivers. This makes it difficult 
to isolate and exclude the volume dependency completely. Therefore, it has been considered better (more feasible) 
to instead make the cost target volume dependant as well, as seen in the example in Fig. 2. The example in Fig- 2 is 
based on the same production cost data from one of the 16 studied manufacturing systems at the case company as 
seen in Fig. 1. With this volume dependent target for unit cost, it now shows that the organisation is almost on track 
for most of the periods, at least in comparison with the current method seen in Fig. 1 where the organisation is 
continuously off target and spend time trying to understand why this is. During the development of this method, data 
from each of the 16 studied manufacturing systems where used to validate that this proposed method worked for all 
of the systems and would give a better insight into the unit cost KPI. 

4.3. Volume dependent unit cost target 

As long as the conditions are the same, it is possible to predict the future based on historical data. Therefore, as 
manufacturing systems are fairly stable and larger structural changes are known to the organisation, it is possible to 
calculate the expected cost for any given production volume. As cost is composed of fixed and variable cost, these 
two aspects are required to be identified to able to calculate the expected unit cost. In this example, the volume 
dependent unit cost target is conveniently calculated using the Microsoft Excel functions “slope” and “intercept” to 
be able to mathematically calculate the theoretical fixed and variable cost elements, as described in the method 
chapter. The function slope represents the variable cost, and intercept represent the fixed cost. In the example in Fig. 
2, an expectancy target line was created based on the actual manufacturing volume for the month, instead of using a 
straight line fixed unit cost target currently used at the company, Fig. 1. It is possible to decide how far back in time 
the data should stretch for calculating the statistical fixed cost and variable cost. Additionally, depending on the 
ambitions of the company, this target can then be adjusted according to the desired state, i.e. if there is a desire to 
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4.1. Current unit cost KPI 

The unit cost key performance indicator (KPI) is monitored on a month-by-month basis and visualised 
individually for each of the 16 manufacturing systems studied. An example of this based on the cost data from one 
of the systems can be seen in Fig. 1., but as information about the cost is sensitive information the data has been 
anonymised. When evaluating the KPI using the SMART method, the unit cost can be considered a reasonably good 
KPI and the underlying drivers of the unit cost is clearly specified in the department reporting sheet. Some clarity 
could be added to exactly what is driving the individual cost categories, for example overhead cost and other 
indirect costs, but the underlying information is available on request. However, the lack of immediate influence on a 
number of the cost categories as well as the strong dependence to production volume, makes the unit cost KPI 
overall not entirely appropriate from a motivational point of view [4]. The production unit organisation continuously 
works with reducing waste and improve the cost as per the Lean theories, but on a month-by-month basis it is 
difficult to see the improvements as there are other factors creating considerable noise in the diagram. This noise is 
in particular due to the volume fluctuations and invoicing delays. Additionally, organisational fixed cost can be 
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reduce cost, the curve can be adjusted downwards, or if the target is to maintain cost the curve is left as is. To be 
able to compare one month with the previous months it is also possible to include an expected theoretical cost for a 
fixed predetermined volume, that is the same for each month. This will show how the unit cost is changing over time 
and if there are trends. One can also look at the calculated theoretical numbers for fixed and variable cost, to see 
how these individually are changing over time. There could perhaps be initiatives to reduce the fixed costs to make 
the organisation less cost sensitive for changes in market demand. 

 

4.4. Statistical deviation using SPC control chart 

Even though the mathematical model for unit cost has been established and plotted as seen in Fig. 2, there will be 
some natural deviation of the actual unit cost from the expected calculated unit cost target. However, variation is 
perfectly normal in all processes, so it is to be expected here as well. By using statistical tools like the control charts 
found in statistical process control (SPC) theory, it is possible to determine if the deviation is within normal levels. 
The control chart tool provides a rule-based alarm system, for when a deviation outside the stable statistical 
probability occurs and should trigger an investigation into why this occurred. In Fig. 3 an example of this can be 
seen, based on the same data used in Fig. 1 and Fig. 2. The plotted numbers in Fig 3. represent the deviation 
between actual unit cost from expected unit cost. In the graph it is possible to see that each measurement is around 
the average value (grey line) and there is no variation outside the expected levels and therefore the cost can be 
considered from a statistical point of view as stable. However, by applying some of the Sensitizing rules found in for 
example Montgomery (2001), the point for June is close to the two-sigma line, also known as the warning limit, 
which triggers alarm rule “10. One or more points near a warning or control limit” [19]. Note however that in this 
case the deviation is that the unit cost is lower than expected and might not require and corrective actions, but the 
reason for a lower cost can be of interest to understand. More information about control chart, sensitizing rules etc 
can be read in quality and statistical oriented literature, for example Montgomery (2001) as already mentioned [19]. 
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5. Discussion 

A large proportion of the unit cost found in this study is derived from fixed and organisational costs, which is 
difficult to influence on a monthly basis. For one of the studied manufacturing systems, 53 percent of the cost is 
derived from depreciation and overhead cost, which is to a large degree fixed or indirect to the daily operation. 
Another 27 percent is maintenance, operators and internal logistics, which all are driven mainly by staff cost with 
contractual employments that is also difficult to quickly reduce in an already Lean organisation. In other words, 80 
percent of the cost is to a large degree fixed, which makes it very volume dependant when looking at it from a unit 
cost perspective. The remaining 20 percent is closer related to the actual operations and daily business, which is 
slightly more achievable to improve for the operational organisation. However, in an already Lean organisation even 
this can appear difficult to reduce further, at least short-term. Therefore, the company should perhaps completely 
reconsider the value of monitoring unit cost on a monthly basis, and in particularly how this is communicated down 
to the operational department that has only a very small influence on this key performance indicator (KPI). There is 
also a risk of encouraging a negative behaviour, as a KPI with large volume dependency is inspiring to 
overproduction. The inability to control cost during business cycle downturns could be a high risk to less solvent 
companies, which could motivate a focus on the fixed costs instead of measuring the unit cost. It could be worth 
trying to convert the fixed costs into variable cost, by for example lease equipment, have flexibility in employment 
contracts or in other way tackle the challenges that comes with a recession. Even during the manufacturing system 
development and in the investment projects can the proportion between fixed and variable cost be considered to 
address these issues [10,12]. By reducing the fixed cost could lead to increased overall cost and less profit, but the 
improvement in cost control is at least worth consideration depending on the company. 

Even though it is possible to make the unit cost KPI SMART and better than the traditional unit cost KPI, there 
are still some aspects not visualised in traditional unit cost. Avoided cost is one example does not show up in the 
unit cost KPI. Money can be spent on improving the existing manufacturing systems, preventing stops and 
disturbances and avoided this larger cost for a smaller investment cost. Another example is for when improvements 
have been made to the existing manufacturing system that resulted in increased capacity but potentially also 
increased unit cost. If there is a high enough market demand and this capacity is utilised, the improvement will have 

Fig. 3. Unit cost deviation from expected target, plotted in control chart. 
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reduce cost, the curve can be adjusted downwards, or if the target is to maintain cost the curve is left as is. To be 
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increased the total revenue but at the same time potentially reduced profit margin. However, the inability to 
recognise that not all cost is bad, and that it is a contributor to value and revenue, is not isolated to these examples. 

6. Conclusion 

Overall it looks like the cost key performance indicator (KPI) has the prerequisite to be a good and SMART way 
of measuring progress in manufacturing cost. However, to address the weakness found, two improvements are 
proposed. Firstly, to compare actual unit cost with ‘expected cost’, by making the KPI target volume dependant. 
Secondly also look with a statistical view and complement the monitoring with a control chart found in the statistical 
process control (SPC) theory, plotting the deviation from the expected unit cost. This would ensure that only when 
unit cost is outside the expected levels, the alarm would be triggered, and investigation initiated into the cause. This 
would improve the utilisation and focusing the organisation resources on the important issues and not the ones 
related to a low market demand for example. Additionally, depending on the proportion of fixed and variable cost, 
the unit cost KPI should be reconsidered as there might be other ways of approaching cost improvements. One 
example is to analyse the cost proportions during the development of the manufacturing systems, as this is where the 
cost structure is determined for the operational phase. For example, reducing the proportion of fixed cost would 
make the organisation less sensitive to reduced market demand. 
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KPI Key performance indicator, a generic term for measurable targets used in among other things 
operation management to follow up progress and performance. 

ROI  Return of investment, a financial performance metric to measure the time for an investment to 
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developed to aid in creating good and motivational goals and targets. 

SPC Statistical process control, a statistical quality method to monitor and control a process. 
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The design of new manufacturing systems is a complex process involving many stake-
holders. The production of a profitable product is the customer focused value chain that 
steers the development projects. Manufacturing system requirements are specified 
around cost, product quality and the desired production volume. However, there are many 
other stakeholders who are not considered to any great extent. Individual good examples 
can be found where the large-scale production at the lowest cost is not the primary goal.

This research intends to explore the stakeholders of a manufacturing system and the 
added value that can be delivered to them. There is a focus on understanding the current 
practices for manufacturing system development, how requirements are specified and 
how decisions are made. An explorative social science approach was applied, where inspi-
ration was taken from ethnographic and qualitative methods. Nine years of (interrupted) 
industrial PhD studies have enabled a long-term and deep data collection and analysis.

The research resulted in a theoretical framework built around a more holistic approach 
to the value chains of the manufacturing system. The paying customer’s value chain 
remains primary but has been supplemented with new secondary external and internal 
stakeholders, and related value chains. Individual good examples have been identified in 
the industry that are used to exemplify the applicability of the theoretical framework in 
practice. The research also addresses challenges in changing today’s way of working.
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