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Exploitative and profit-oriented business operations are unsustainably depleting
the world’s resources and extensively harm the environment. Linear production
systems within the manufacturing industry are partly held responsible for this
ongoing issue as materials and waste are not getting reused but dumped. An
alternative to the traditional linear system that increasingly gets attention in the
scientific literature is a Circular Production System within the Circular Economy
framework, where waste is treated as resources and streamlined back into the
production system to create closed resource loops. However, most
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implemented the Lean philosophy to maximize output and profits, leaving
environmental aspects rather behind. This context needs to be considered, when
thinking of implementing circular measures within a company.
Therefore, this study focused on elaborating potentials, enablers and barriers of
a Circular Production System in a Lean context. A case study has been conducted
within the Swedish commercial vehicle company Scania, located in Södertälje,
to gather empirical data about current lean and already ongoing circular practices
in a real-life environment, and on future potential of extending circular measures.
Internal benchmark studies, including observational studies and semi-structured
interviews have been conducted along Scania’s industrial value chain. External
benchmark studies contributed to obtain data about already ongoing CPS
initiatives within the manufacturing industry.
Following the empirical findings, this study suggests that potentials, enablers and
barriers are categorized into system, process and product level, which are
interdependent and interrelated. The research revealed that due to the many
influences from departments along the value chain on the production, the system
as a whole needs to be investigated. This study suggests the 4R framework
(reduce, reuse, remanufacture, recycle) for implementing a cascaded use of
materials. Implementing a new business model giving the product ownership
back to companies would facilitate circular flows in the first place. Such a new
business strategy can be supported by following more advanced design
strategies, that extend the product life and maintain its performance. Lean,
however, was found to bear conflict issues, but is considered still useful to some
extent to reduce material inputs through more efficient processes.
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Popular Science Summary
Industrial companies, their stakeholders and the public are becoming increasingly aware of
environmental problems caused by non-sustainable manufacturing practices, that exploit resources
to an amount planet earth is not able to recover and accumulate waste that is depleting the
environment. The rising importance of environmental sustainability worldwide is a consequence
of this development, and corporate entities are increasingly seen responsible for counteracting
upon environmental depletion. Due to the widely implemented linear production system in the
industry with its ‘take-make-dispose' character, alternatives are needed that take care of treating
resources in a sustainable way and to reuse waste or minimize waste accumulation. By creating
such closed resource loops, a system can be created that is feeding itself by streamlining waste
back into the company.
Therefore, this thesis elaborates on the most significant potentials and enablers as well as barriers
that could either facilitate or hinder the implementation of circular measures. This is being done
in the context of widely implemented Lean measures throughout the manufacturing industry, that
aim for more efficient processes in the production, maximizing profits and minimizing costs. Lean
is said to have positive effects on lowering waste in the production. However, the notion of waste
is defined differently in Lean, where waste is seen as non-value adding processes, and CPS, where
waste is seen as non-used resources that have not yet been utilized. Therefore, actual waste
reduction is rather a by-product of process-related waste reduction.
By knowing the interplay between Lean and CPS, more profound and feasible suggestions can be
delivered for implementing circular measures. This goes along with categorizing potentials,
enablers and barriers on three different levels, one interdependent with the other: system, process
and product. While CPS is a concept that applies to the production, this department is underlying
influences from other divisions along the industrial value chain. Therefore, it is important
considering a system’s perspective on production processes. As products in the commercial
vehicles industry are of complex nature and many companies or suppliers are included in the
process, it is important to take all actors into account, which could leverage environmental
potential through the implementation of circular measures. However, one must consider that
environmental aspects are not the driver of business operations, but rather economic factors. The
implemented linear production systems that include Lean measures are outstandingly efficient, and
enable companies to be highly profitable, have low costs, and offer customized products to
customers. One of the biggest challenges in the future will therefore be to proof the economic
viability of CPS.
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1. Introduction and Problem Determination
This chapter comprises the background and motivation for the study. It also covers a description
of the underlying problem, the research purpose and the elaborated research questions.

1.1 Challenges of the Industry to Abide by Ecological Circumstances
Today, humankind used natural resources up to an extent that the planet is not capable of
recovering, a consumption measured by WWF to be equivalent to 1.7 planets (WWF, 2019). This
number is expected to grow to three planets in 2050. This is to a great part due exploitative profitoriented business operations that extract and process non-regenerative natural resources in energy
intense activities, involving large scale interventions in ecosystems that lead to severe
environmental effects like air, water and soil pollution (WWF, 2012; Ben-Eli, 2018, UBA, 2014).
In the light of the fact that this behavior leads to severe environmental damage and natural
resources on planet Earth are finite, humankind cannot continue like this (Mao et al., 2018; Lieder
& Rashid, 2016).
An emerging concept to counter this current status is Circular Economy (CE), which is
designed to disconnect the relationship between economic growth and the use of limited natural
resources (Blomsma & Brennan, 2017; Angelis, Howard, & Miemczyk, 2018; Korhonen,
Honkasalo & Antero, 2018; Mao et al., 2018). The CE concept is often referred to as a complex
system comprising three basic pillars: Production, Consumption and Supporting Systems. FrancoGarcía et al. (2019) define Production as its core concept due one of the underlying problems
within business operations, the so-called linear production system. The ‘take-make-dispose'
character of this system is widely used within industries and leads to the production of high
amounts of waste as well as the inefficient use of resources (Figure 1). By exploiting natural
resources in an unsustainable way and lowering the financial value of resources with wasting
produced goods after their use, the linear production system leads to severe degradation of the
environment (Murray, Skene & Haynes, 2017).

Figure 1: Depiction of the currently prevailing Linear Production System

The impacts of this exploitative behavior are increasingly recognized, and more and more
industrial actors are starting attempts to counteract upon (Lieder & Rashid, 2016; Scania Global,
2018). The area of Production within the CE framework requires the design of a Circular
Production System (CPS), which seeks solutions that can be directly applied to the manufacturing
industry. It aims to transform the linear output model into a circular closed-loop model (FrancoGarcía et al., 2019), by either reducing inputs, reusing goods, recycling material waste or
remanufacturing used products.
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For this change towards CPS, the automotive industry, encompassing all motor vehicles
and parts makers, is of utter economic; ecological and social importance. It is a main pillar of the
global economy, including the automobile business alone with on average 2.75 trillion € annual
turnover corresponding to 3.65% of the world GDP (Saberi & Behzad, 2018). In 2016, in the
European Union, 12.5 million people were employed either directly or indirectly in the automotive
sector, representing 5.7% of total EU employment (ACEA, 2018). The industry also supports
numerous up-and downstream along with adjacent industries such as Mining, Finances and
Logistic companies. According to AT Kearney, every job in the core industry leads to more than
four additional jobs in related industries (A.T. Kearney, 2013). The global automotive industry has
seen a 25% increase in production between 2007 and 2017 (Saberi & Behzad, 2018) and produced
an estimated 70.5 million passenger cars in 2018 (Statista, 2019).
As one of the substantial users of the current linear production concept, the automotive
industry accounted to about 60% of the total global supply of lead in 2012 (Nieuwenhuis & Wells,
2015). Looking solely at the automobile business, statistics provided from Saberi and Behzad
(2018) show that half of the world’s consumption of oil & rubber, about a quarter of the glass
output and one sixth of the steel output is accounted for by this industry. The HDOR industry, to
which Scania belongs, forms part of the automotive industry and brings a large potential for
applying CPS. Annual growth in the global truck market is expected to be more than 3% annually
until 2024 and results in increasing truck sales from 2.7 million units in 2014 to 3.7 million in 2024
(Deloitte, 2014).
Researching on a CPS in the HDOR sector could eventually be applicable to the overall
automotive industry and to manufacturing beyond. Circular measures within the industry have
partly been undertaken, according to the United States International Trade Commission (2012) the
automotive industry owned a global share of approximately two-thirds of all remanufacturing
activities in 2012. But figures from Vlaanderen (2018) suggest that remanufactured goods still
only represent about 2% of total sales of manufactured goods. The heavy duty and off-road
(HDOR) sector seem to be the largest user with 3.8% of its total sales gained from remanufacturing
activities. Other figures claim a missed potential for manufacturing industries: Estimations account
a potential revenue of selected circular economy business models for automotive companies
growing by $400-$600 billion by 2030 (Accenture, 2016). These figures suggest that circular
practices are still in their infancy but show a big potential.
The industry's significance, its current way of operations plus the predicted sales market
development amplifies the need for a new manufacturing approach that acts in line with
minimizing material and energy use and waste. Smaller steps have been taken, but changing the
current way requires a new system understanding – an understanding where the concept of CPS
becomes a potential solution for this seemingly paradox in human's linear cognitive mindsets:
economic growth gets decoupled from resource use. However, not only intrinsic motives make
companies start including ecological factors into their business equations, as legal pressure from
governments around the world is increasing. The United Nations record a total of 108 countries
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that had national policies and initiatives relevant to sustainable consumption in place in 2018,
where Europe has taken the lead with nearly half of the policy instruments identified (UN, 2018).
One example is the European Directive 2000/3/EC, setting targets for recycling, reusing and
recovering. The directive demands that since January 2015, EU manufacturing companies must
either recycle or reuse 85%, and either recover or reuse 95% for each passenger car or light vehicle
(Saidani et al., 2018). Other countries such as China integrated CE initiatives into their five-year
strategy plans for economic development (Zhijung & Nailing, 2007).
Policies that demand changes in global value chains, current wasteful operations in
industries and rising awareness of finite planetary resources force manufacturing companies to
rethink their production processes. Within those operations, CPS can lead to better environmental
performance by simultaneously securing economic savings, lower costs and higher resource and
process efficiencies (Mao et al., 2018).

1.2 Scania CV AB
Scania CV AB, headquartered in Södertälje, Sweden, is a major producer of trucks, buses and
engines used for trucks, ships and industrial appliances. The company is owned by the German
automotive company Volkswagen Group, forming part of the TRATON Group. Scania’s longterm objective is to become a world-leading supplier of sustainable mobility solutions and achieve
fossil-free commercial transport by 2050 as defined within the Paris Climate Agreement from 2015
(Scania Global, 2018). As part of this transition, transforming towards environmentally friendly
factories avoiding waste, which shall be achieved with the help of the CPS concept, is pivotal. It
is considered helping ease the strain of waste production and increase efficiencies within Scania’s
factories.
With its sustainability goals, the company pursues to encompass the whole value chain
starting from the Research and Development department (R&D) to understand impacts of its
products on social and environmental matters, but also considers its supply chain by demanding
suppliers to follow more sustainable sourcing procedures. So far, the company formulated
indefinite goals such as minimizing the amount of non-recyclable parts and set rules for End-ofLife (EOL) operations and claims disassembling to be introduced. CPS is not yet established and
requires a new system thinking in which not only waste is collected and reused but avoided in the
first place by closing the loop within production operations (Scania Global, 2019).
The study was initially aiming at showcasing a CPS on the so-called pedal car line, a
demonstration line within the Scania academy used to train its future assembly and logistics
workforce on Scania’s standard working processes. This line is also used for internal and external
demonstrations of technology and process developments, which are usually first simulated and
tested within this line, before applying them to the real assembly lines. The pedal car line consists
of four assembly stations and two disassembly stations, in which a black and a red pedal car are
built and then dismounted. Both cars are assembled on the same structure and use the same frame;
only minor components are different. When using the pedal car line instead the “real” truck
3

assembly line for external communication, Scania can prevent a leakage of sensitive information.
By applying and testing principal CPS concepts on the pedal car line first, Scania then aims to
transfer gained knowledge to their assembly lines.

1.3 Problem Statement
With the demonstration of the disharmony between current human consumption and the planet’s
ability to regenerate resources, the resulting environmental deficit needs to be counteracted upon.
The manufacturing industry is playing a big part in environmental degeneration. Due to an everincreasing amount of natural resource depletion, it is important to elaborate on a real-life context
of how Circular Production can be applied in big manufacturing companies. Initiated by the Smart
Factory Laboratory of Scania CV AB, that is working with new technologies for Production and
Logistics (P&L) departments, this thesis project lays focus on the Scania production system and
aims to find measures towards closing material and resource loops to reduce environmental impact
in Scania’s production. By currently producing a significant amount of waste together with the
creation of value through the production of vehicle transport solution, energy and raw material is
getting used. Hence, Scania and the whole manufacturing industry are facing the challenge of
protecting the environment while meanwhile offering tailored customer demands with their
products and services and competing in the sector of transport solutions about profitability and
viability. Based on the concept of the CPS, Scania seeks to conciliate between these major business
objectives.
For Scania, a CPS, deliberately designed to close the loop, stands in line with its
sustainability targets. These are defined to increase resource and energy efficiency in Scania’s
operation in order to lower the environmental impact and to transform its factories into
environmentally friendly facilities. It displays a paradigm shift in the current way of producing
goods towards the abolition of waste, losses of energy, and losses of material. The shift towards
the “environmentally friendly factory” comes with numerous challenges and needs to be assessed
in the context of the prevailing manufacturing system of the company. Not only the conventional
manufacturing context displays a challenge, but also the rearguing between economic and
environmental performance from circular activities. This said, the circular production must be
economically sound in the first place and ecological benefits come secondary. Due the production
system’s interplays with the entire value chain, it also comes with the need to address every
division that is part of Scania’s operations.

1.4 Research Purpose
This study aims to present a case study of a Circular Production in a real-life manufacturing
context. Current strategies for resource conservation seem to follow mostly the conventional lean
manufacturing paradigm by slimming down the usage and by reducing waste. But researchers in
the field of Circular Economy are calling amply for a change in approach, towards circular
measures. The encountered theory, however, is lacking a systemic approach and barely touches
upon practical implementation aspects and approaches in industries (Asif et al., 2018). Moreover,
evidence and propositions of strategies on how a CPS can be applied in an industrial context; more
4

especially in a Lean manufacturing context, are missing. This causes a lack of knowledge about
the boundaries between Circular Production and the real-life Lean Manufacturing context, that this
case study aims to contribute to. An empirical study on the current state and the target state is taken
to help defining potentials and to support the practical implications of CPS.
The study benefits from prior studies and theoretical literature within the field of CE and
CPS, as part of the CE-framework. Due to the identified gap of the investigated problem, a case
study has been conducted and presents a detailed study elaborating on an individual case, at the
Swedish automotive company Scania. By utilizing the 4R-framework of remanufacturing, reusing,
reducing and recycling, this study aims to explore the potentials of Circular Production in a reallife case. The 4R principles are researched upon among their potential within ongoing operations
of Scania. This contributes to a better understanding of the practical links of a CPS in a Lean
Manufacturing context. Instead of describing the symptoms and accounting a numeric degree of
the current wastefulness, the qualitative nature of this study has the aim of understanding the
deeper systemic causes of the current wasteful operations and the leverages for facilitating the
introduction of the CPS’s target state. Hence, this study presents a groundwork for facilitating
practical implementation of CPS in the prevalent context.

1.5 Research Questions
Verbalized, the research questions are as follows:
•
•

“What are the main Potentials of a Circular Production in a Lean Manufacturing context?”
“What are the Enablers and Barriers for a Circular Production in a Lean Manufacturing
context?”

1.6 Thesis Structure
The structure of this master’s thesis will be as follows: After introducing the topic, the problem
determination and its contemporary relevance together with the research questions are defined in
Section 2. Following, a theoretical framework is developed, including on the one hand the
theoretical distinction of existing circular economy concepts and, based on this, the theoretical
foundation of a CPS. On the other hand, it examines the existing empirical studies on
manufacturing found in the literature, framing the stance on Lean and Circular manufacturing.
Section 3 is explaining the used methodology by discussing and reasoning the theoretical approach
with the utilized qualitative methods. In this section, also Data Collection as well as considerations
such as research rigor and trustworthiness of the research are shown and discussed. Section 4 gives
a state-of-the-art overview, and Section 5 is dedicated to the Analysis and Discussion of the
empirical findings and results. The Analytical Outcomes of section 5 are concluded in Section 6 including limitations of the thesis and suggestions for further research and future work in the field
of circular production at Scania.
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2. Theoretical Framework
Within this chapter, after initially elaborating on the process of the literature research, already
existing literature around the topic of CE and CPS are reviewed and focal areas of scientific
research presented. Additionally, the philosophical stance of CE, three of its concepts, and a
practical framework of CE are explained. After illustrating the state-of-the-art manufacturing, the
differences between CPS and sustainability are elaborated on. Finally, the principles of CPS are
presented, and methods are shown on how to measure circularity and CPS.

2.1 Process of Literature Research
Generally, literature has been found by using Uppsala University’s online library services and
Google Scholar. Search terms comprised the following words and their combinations: “Circular
Economy”, “Circular Production”, “Circular Manufacturing”, “Circular Production System”,
“Circular Manufacturing System”, “Circular Design”, “Circular Supply Chain”, “Closed Loop”,
“Production Loop”, “4R approach”, “4R”, “Lean”, “Lean Manufacturing”, “Waste Reduction”,
“Sustainable Manufacturing” and “Sustainability Automotive Industry”.

2.2 The Advent of CE and its Different Focal Areas of Scientific Research within CE and CPS
The framework of CE as an alternative to the current linear economic system has experienced
rapidly increasing attention within the last years, as environmental depletion and public outcry
demand solutions to reuse materials and waste (Chapter 1). In manufacturing, CPS is viewed as an
alternative to the traditional linear production system with its take-make-dispose character as it is
focusing on waste treatments and aiming to streamline waste back into the production system as a
resource. Currently, an increasing amount of companies is conducting analyses in order to find
ways on how to practically implement a Circular Manufacturing Systems (CMS) (Asif et al.,
2018).
It has been discussed from several angles and focal areas, which are:
•

•
•

Integrating CE into a company’s business model, such as sharing economy and
collaborative consumption (Bocken et al, 2016; Lewandowski, 2016, Morone & Navia,
2016; Tukker, 2015).
Improved product designs (Bocken et al, 2016; Den Hollander et al., 2017; Mestre &
Cooper, 2017).
Green supply chains and circular supply chains (Angelis, Howard & Miemczyk, 2018; Jain,
Jain & Metri, 2018; Pan et al., 2015)

While several focal areas of academic research within CE can be identified, the topic is
continuously discussed very broadly. The stated focal areas of scientific research are just part of
the whole CE framework. An integrated or tailored approach on elaborating the topic is missing.
While the current research is emphasizing the need for CE and its advantages compared to linear
systems, there is mostly theoretical reasoning but practical use cases are lacking (Blomsma &
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Brennan, 2017; Ghisellini, Cialani & Ulgiati, 2016; Korhonen, Honkasalo & Seppälä, 2018;
Murray, Skene & Haynes, 2017).
It is noticeable that CE enjoys a lot of attention in few countries, most notably China. While
there were ten publications within CE in 2010, it has been already 27 in 2015 (Lieder & Rashid,
2016). Eleven of those publications happened in China alone. A strong publication increase around
the topic of CE has also taken place in Sweden, the UK and the EU in general (Lieder & Rashid,
2016). Powerful nations such as China have embraced CE and integrated it into their economic
policies.
Chinese policymakers were inspired by Japan and Germany, which are pioneers within
the field of recycling – an integral part of CE – and introduced laws to enhance those practices in
companies (Zhijung & Nailing, 2007; Murray, Skene & Haynes, 2017). Within the European
Union, several studies were conducted, and platforms established in the last years such as the
European Resource Efficiency Platform (EREP) to suggest measures for effective CE
policymaking (EMF, 2015, Murray, Skene & Haynes, 2017).
The European Commission introduced two projects to elaborate on practical research and
attempts to implement CPS into manufacturing processes. One of them, called RESYNTEX, has
been started in 2015 and aims at introducing a new innovative recycling method in order to enable
the recycling of “unwanted textiles”. While that shall improve the textile industry’s environmental
performance, it also facilitates the customers' acceptance of textile products made from textile
'waste'. Another project has started in 2013, ResCOM, which is a scheme designed to support
industrial companies forming and introducing circular manufacturing systems (European
Commission, 2017). However, ResCOM and other studies do not take the Lean context into
consideration, in which most manufacturing companies nowadays operate (Aberdeen, 2006;
Stadnicka & Antosz, 2013), and suggest that following its circular tools and measures will help
turn a company’s operations more circular. Few attempts have been made to adopt Lean Thinking
into the reasoning for a Circular Production. This leads to the question on how and to what extent
the implementation of such circular measures is feasible in a Lean context.
The notion of CPS or Circular Manufacturing Systems as an alternative to the widely used
linear production system is a comparatively new topic and has not yet gained a lot of attention.
There is a visible lack of scientific research about applied circular methods, tools and use cases on
the production and assembly lines within industrial companies, and along its value chain. Recent
articles about CPS highlighted that steps towards more resource conservation were following the
conventional linear manufacturing and hence not supporting a systemic approach (Asif et al.,
2018). This might also be ascribable to the, so far, few research efforts addressing the economic
potential deriving from circular activities, which undermines the potential of CE to decouple
economic growth from resource usage (Lieder & Rashid, 2016). Others have published their
research around the topic of sustainable manufacturing and claim to improve environmental
performance of the manufacturing industry through efficiency measures (Meng et al., 2018). Even
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though Lean measures improve the efficiency of the omnipresent linear production, Webster
(2013) claims these measures have been overemphasized and the actual root cause, the linear
system, neglected.

2.3 Philosophical Stance of Circular Economy
Harmonizing the relation between economic growth and environmental protection (Lieder &
Rashid, 2016), the CE concept is often referred to as a complex system comprising three basic
pillars: Production, Consumption and Supporting Systems. Franco-García et al. (2019) define
Production as its core concept due one of the underlying problems within business operations, the
so-called linear production system. In transit to achieving CE, the manufacturing industries need
to adopt and embrace a Circular Production approach (Asif et al., 2018). While this thesis focuses
on CPS in the manufacturing context, at first the structuration and conceptualization of the
overarching CE is conducted. With the use of philosophical definition, the authors aim to structure
thoughts and ideas and to abstract them to a degree on which they get applicable on as many
different scenarios as possible, among it the manufacturing industry.
To be able to frame the structure of a circular economy within industry, the authors start
with demarcating the different industrial economy concepts from each other. Boulding (1966) was
one of the first to conceptualize the idea of a Circular Economy with the "spaceship" analogy
(Franco-García et al., 2019; Lieder & Rashid, 2016). In the analogy, Boulding states the need for
a cyclical ecological system, capable of continuous reproduction of material form (Boulding,
1966). Stahel (2016) defines three different kinds of economical concepts: linear, circular and
performance economy. The Linear Economy, also known as the “take-make-use-dispose” model,
is the economic approach of creating value by using raw materials to make a product and throw
the generated “waste” away after its use. This take is currently dominating the industrial landscape
while causing serious environmental harm and hence proving significant reason for the current call
for a new long-term, regenerative approach (Frosch and Gallopoulos, 1989; Webster, 2013).
Korhonen et al. (2018) go as far as to call the linear throughput flow of materials and energy the
key issue in global sustainable development, sourcing and releasing back into the same system.
“Waste” is put in apostrophes, because – unlike linear economy – the mind of a Circular Economy
perceives this waste as a resource, as a good that can be reprocessed to save energy and reduce
resource consumption. Performance Economy, as the third kind, focuses on solutions instead of
products and promotes the sharing of services among users (Stahel, 2016).
As CE is a relatively new concept but descended from deep historical and philosophical
roots, until today there is no uniform view yet on its emphasis and how precisely it should be
implemented (EMF, 2019). This in mind, there does exist common consensus of an underlying
concept that all schools of thoughts share, although their models and focusses vary in one form or
another from each other. In the following, several school of thoughts principles are illustrated and
the underlying basic scientific agreement on CE is defined.
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On an abstract level, CE aims to combine both economic activities leading to growth with
environmental protection in a harmonic way and stands in opposition to the currently prevailing
industrial production model of Linear Economy (Murray, Skene & Haynes, 2017; Lieder & Rashid
2016). It aims for reuse, remanufacturing, refurbishment, repair, cascading and upgrading in
combination with renewable energy usage throughout the whole life cycle of services and products
(Korhonen et al. 2018). The model claims to cause less emissions, consume fewer natural resources
and to have a long-term insight style making use of the power of the inner circle mechanism (see
Figure 2). By reintroducing used resources, the inner circle demands fewer natural resources and
energy compared to the linear model, and this inner circle is aimed to be maximized (Korhonen et
al., 2018).

Figure 2: Cascaded use scheme through 4R approach (inspired by Angelis, Howard & Miemczyk, 2018)

A multitude of theoretical models and concepts that work around related topics exist. A
selection of these found in the literature are briefly described in the following.
2.3.1. Cradle to Cradle
Cradle to Cradle is a design philosophy, developed from Braungart and McDonough (2016). It
focuses on opportunities arising during the product design stages in the early development process,
claiming that measures for reusing are rooted in the product design. The two actors oppose the
European environmentalism’s perception of used resources and virgin materials as environmental
burdens. Instead, they put their focus on reducing or avoiding material usage and reintroducing
them into the cycle at the end of the usage phase, as long as the reflux into biosphere or its
restoration is controlled (Braungart and McDonough, 2016). Just as nature’s biological cycles and
flows, so could the technical waste and output of one process or system be the nutrition of another,
a so called ‘technical metabolism’ flow of materials. Hence the current perspective of waste is
opposed, by equating waste with food. These eco-efficient systems need to be created in a way so
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that the collection and recovery of value of these materials is following their use (EMF, 2014,
Bjørn and Hauschild, 2011).
The energy to run such a Cradle to Cradle concept in society must be sourced from
renewable energy sources, or what is termed “current solar income” (including photovoltaic,
geothermal, wind, hydro and biomass) (Bjørn and Hauschild, 2011). Another key principle of this
concept is the consideration of the interconnectedness with the local environment, concerning local
material and energy sourcing in line with local society, environment and economy (Braungart and
McDonough, 2002).
2.3.2. Biomimicry
Janine Benyus introduced a concept of biomimicry defining it by an industrial innovation approach
to imitate nature’s design and processes. She mentions three key principles, which are:
•
•
•

Using nature as role models for designing forms, processes, systems to solve human
problems. An example for it is the form of a leaf inspiring designs of solar cells.
Using nature as a measure, where ecological standards acting as a judge for measuring
sustainability.
Using nature as a mentor we can learn from, rather than an object available for extraction
(Benyus, 2009).

2.3.3. Industrial Ecology
The concept of Industrial ecology works like a natural ecosystem, where leftovers from a process
like waste or by-products are being used for other processes. It is defined as a study of material
and energy flow in production systems. It’s an endeavor for tighter connections between
companies and operators within the ‘industrial ecosystem’, that could develop a symbiosis through
the creation of closed loop processes and optimized distribution and management of stocks,
materials, services and energy between the operators. By this, the residue of one company becomes
the resource of another, and environmental impact is gradually decreased, and material flows
secured (EMF, 2014; Jonsson et al., 2011). Jonsson et al. (2011) illustrate this holistic concept on
the example of recycling glass bottles in Sweden, which are rinsed after use and sent back to
various bottler.
2.3.4. Underlying Consensus of Different CE Concepts
The illustrated concepts are different in focal areas emphasizing on different critical steps but aim
for the same outcome. The concepts also seem to share a fundamental core: all are inspired by
biological processes, more precisely the nature's biological metabolism. This derived industrial
analogy with biological ecosystems states the consideration of all materials as nutrients for (other)
systems again. The different approaches all eliminate the negative and undesirable notion of waste,
and rather defines it as input. By this, the industrial system becomes circular, such as natural
systems are demonstrating it. In such a perfect industrial ecosystem, no energy nor material would
get lost (EMF, 2017; Frosch, 1992). Not only the different theoretical concepts were found to
achieve underlying consensus, also the practical frameworks were found to coin different
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terminologies but aim for the same outcome. For this reason, the terms Circularity; Closed-Loop;
and Circular Production were often found to be used tantamount to each other, and hence will be
used as equivalents in the following study.

Figure 3: Technical and Biological nutrient cycle (inspired from EMF, 2017)

2.4 Practical Frameworks of Circular Economy and Circular Production
Practical implementation of CE involves vertical implementation such as enterprises, industrial
parks, cities and areas; and horizontal implementation within industries, urban infrastructures, the
cultural environment and the social consumption system (Zhijun and Nailing, 2007). The
suggested first implementation of CE takes place on an enterprise level, where also this study is
canvassing, and then extends the scope to industrial parks towards bigger regions. Despite of many
urging the need for CE, its initiatives and frameworks have so far barely been discussed in its
actual implementation area (Asif, 2017). For this, it is crucial to assess these initiatives within their
area of deployment, in order to learn from practical consequences. This thesis aims therefore to
investigate on such a system in a manufacturing context, using the term Circular Production
System.
While CE is an overarching framework, describing an economic system that combines
economic and environmental activities to minimize waste production, CPS or CMS are production
systems being created to close product and material loops (Murray, Skene & Haynes, 2017; Asif,
2017). From the perspective of the manufacturing industry, CE is viewed as a restorative solution
with the potential to eliminate waste. This can mitigate manufacturers’ dependency on raw
materials, turning production outputs into production inputs again, literally drawing on (almost)
unlimited resources. It also moderates a company's vulnerability to price volatility, new legal acts
and other external influences (Saidani et al. 2018). What sounds good in theory is often
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complicated in praxis, where theoretical concepts can approach limits of practicability. The one
universally valid approach does not exist, since each company’s context is different, and few
concrete industrial practices have yet been defined.
Today, Accenture and EMF are pioneering on the practical level of Circular Economy, and
their thoughts and ideas are presented in the following. EMF (2019) defined four building blocks
for circular economy, while Accenture (2014) conceptualized five circular business models. Both
models’ ideas are taking a similar approach and differ barely in their profile.
1. The two frameworks attach equal weight to the early Design phase, where product and
process design should focus on the reusing of material and energy through EOL activities such as
remanufacturing and repairing. The reprocessing of materials, energy and information is decided
during the design stage; by the choice of material, a modular product concept, and a sustainable
design paradigm (such as Design for Manufacturing). Useful applications for materials, product,
by-products and wastes should be considered. The EOL practices are further introduced in
(Chapter 2.6).
2. To seize the new potentials enabled by the Design shift, both EMF and Accenture claim
the need for a change in the way companies conduct business and call for new innovative business
models. Sharing Platforms and Product as a Service promote the efficient use and recovery of
material value, such as also claimed from Stahel (2016) in his performance-based economy model
(Chapter 2.4).
3. While the design enables the recovery after the products’ use, the business model assures
ownership of the product. Nevertheless, introduced operations must help reducing leakage of
materials out of the system. Such operations to close the loops include among others reverse cycles
or circular supplies, sorting and warehousing. The retrieving of the end-of-life products is a main
premise of the frameworks.
4. Apart from the fundamental business model and strategy change, EMF and Accenture
argue for the influence of external conditions. Enablers and favourable system conditions for both
include promotive policies and collaborative platforms and circular networks, which stand in line
with the presented ‘Cradle to Cradle’ and ‘Industrial Ecology’ concepts (Chapter 2.3.1 and Chapter
2.3.3). Additionally, EMF covers the macro stimuli from education, access to finances and market
mechanisms.
The published practical frameworks visualize the same central activities towards a CE and
focus on the same potentials, enablers, and conditions. Yet, each company’s initial situation is
different, and diverse circumstances demand custom-made and tailorable lines of action. It is
noticeable that OEMs of smaller goods and digital solutions (i.e. within the food sector, electronic
and garment industry) have been used as prime examples of companies embracing the change
towards more circularity and showing significant savings and higher returns of investments
(Accenture, 2014). However, circular transformations within the automotive industry are scarce,
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and feasibility studies lacking. Implementation steps might be different for every single
manufacturer, because of the diverse nature of the automotive sector. The companies might suffer
among its individual circumstances: myriads of product variations and a high dependency on thirdparty service and product suppliers have, over the years, led to the operationalization of highly
complex and efficient production lines. In most cases, the production systems efficiency was
maximized by following the directions given by the Lean paradigm. Hence, an individual
assessment of each industry and company is necessary on its internal operations and needs to be
assessed for transferability on other organizations.

2.5 State-of-the-Art Manufacturing and Production Systems
Both the terms ‘manufacturing’ and ‘production’ are commonly used in various research articles
to explain already widely implemented Lean Manufacturing Systems within industrial companies,
and its counterpart of CPS. As these terms are equally mentioned in many research articles, both
will be utilized in this master’s thesis (Chen et al., 2015; Davim, 2018; Lieder & Rashid, 2016).
For clarification purposes, ‘manufacturing’ and ‘production’ entail the creation of products by
using machines, equipment and raw materials with the separation of labor (Business Dictionary,
2019).
In the abstract, production systems generally consist of interdependent and interrelated
elements functioning together in processes that transform resources into practical goods and
services (Oxford Dictionaries, 2019). These resources comprise labor, capital (machines and
material) and space (Britannica Academic, 2019). Today, linear one-way production systems are
dominating global industrial landscapes (McKinsey, 2014). This prevalent system is contributing
heavily to the depletion of overwhelming amounts of natural resources and the generation of
equally high amounts of waste. Many of the participating companies claim to excel in having an
efficient Lean Manufacturing System. According to a study of the Aberdeen Group (2006), more
than 90% of 292 surveyed manufacturing companies implemented Lean measures. Stadnicka &
Antosz (2013) state that especially manufacturing companies in the automotive and aviation sector
follow the Lean philosophy.
Lean is aiming at eradicating waste within manufacturing processes, initially introduced to
increase competitiveness and quality while in parallel reducing costs and waste (Davim, 2018).
Lean principles are believed to have their origin in the Toyota Production System (TPS), invented
within the Japanese automotive company Toyota. In the 1970s and 1980s, Lean Manufacturing
has been an answer to high resource prices and Japan’s dependence on imports of large amounts
of natural resources. Within the Lean Manufacturing framework, production processes are divided
into value-adding and non-value-adding, aiming at eliminating 'waste'. Waste is defined as any
activity that is causing higher costs but is not adding any value from a customer’s perspective,
therefore pooling any non-value adding process (Chiarini, 2013).
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Seven kinds of waste are targeted within Lean, which are:
•
•
•
•
•
•
•

Transport: unnecessary moving products.
Inventory: all material or products that are stored and not processed.
Motion: people and equipment moving around without contributing to any process.
Waiting time: people waiting between process stages.
Overproduction: producing more than demanded by customers.
Over-processing: processing in a way a customer does not demand.
Defects: faulty products (Chiarini, 2013).

However, Lean has also received some critics such as hindering creativity and innovation
through its heavy focus on bettering processes by standardizing and reducing variations. Such a
one-sided focus on process improvements leads to tensions with creativity and innovation
(Johnstone, Pairaudeau & Pettersson, 2011). However, companies have so far been successful in
combining Lean principles and Six Sigma to become more innovative and creative. While Six
Sigma aims at quantifying and targeting defects to meet operative objectives, expanding growth
and emphasize the support from the management, Lean principles have been included to parallelly
cut costs and get more profitable (Byrne, Lubowe & Blitz, 2007).
But production systems encompass not only the physical activities in its production lines
that are producing the good, but both supporting and primary activities, which are part of Michael
Porter’s value chain (Porter, 2001). Primary activities are about the physical creation of the product
itself, while the support activities are facilitating each stage within the primary activities. They
have a deep connection to a company’s whole value chain. Support activities among others are
taking place by the procurement, R&D or human resource management, and directly help to
undertake primary activities of companies. For instance, the procurement enables resource supply
for the company’s inbound logistics. Moreover, the supporting activity of Marketing and (After)Sales help the selling of produced goods, and the Service take care of used goods streaming back
from the customers. In the light of a Circular Production designed to closing the resource loops,
these interweaved assignments are crucial to be in unison. Hence this chain of activities cannot be
boiled down solely to the physical activities that are producing the good. Michael Porter’s value
chain, visualized in Figure 4, is defined as the whole series of actions or operations in which
companies increase value to their goods (Porter, 2001). In the end, both support and primary
activities determine the margin for the company.
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Figure 4: Support and primary activities in Michael Porter’s value chain (inspired by Porter, 2001)

A company’s value chain consists of several consecutive and parallel processes to achieve
a defined result. During these processes, resources such as worker's time, energy, machines and
financial capital are consumed to convert inputs (like data, material, parts, etc.) into outputs, which
in turn are used as inputs for the next procedure (Business dictionary, 2019).
While implementing Lean Manufacturing is clearly a progress towards using and wasting
less material and energy throughout the operations, it does not change the overall linear paradigm
which is the key reason for environmental degradation (Webster, 2013). This linear paradigm is
also expressed in the nature of the industrial value chain in Figure 4. Here Circular Economy and
Circular Production come into play, introduced in the following, and aims at eradicating waste
systematically with a closed-loop use of goods and services.

2.6 Circular Production System and the Notion of Sustainability
As mentioned in the introduction, this thesis work aims to contribute to sustainable organizational
activities by developing and introducing measures towards a CPS. "Organizations around the
world, as well as their stakeholders, are becoming increasingly aware of the need for environmental
management, socially responsible behavior, and sustainable growth and development." (ISO
14000). The ISO 14000 environmental management standard suggests the importance of
management practices to support sustainable organizations, its products and services. But thematic
areas such as “sustainability” and “sustainable manufacturing” display a complexity, to where its
introduction and execution in everyday life within an organization prove to be a big challenge for
the many affected actors. In the following, a definition of the expression and use of ‘sustainability’
and its connection to manufacturing within this thesis framework is provided.
In recent years, the notion of "sustainability" got mostly used as a form of development
that satisfies the needs of the present while not compromising the ability of future generations to
satisfy their needs (WCED, 1987). In 1994, Elkington condensed the concept of sustainability onto
three principles, called the Triple Bottom Line (TBL). According to the TBL, companies must
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consider their ecological, economic, and social performance within their developed sustainable
strategies (Harvard Business Review 2019). These pillars were sometimes also extended by a
fourth pillar, technology (Baud, 2008). Hermann et al. (2007) claim the need for a consideration
of the three aspects from a life cycle perspective, to avoid shifting the problems to subsequent life
cycles. Elkington (1998) also promotes a business model based on cooperation and trust between
actors, instead of short-term connections and solely profit seeking which display risks for
economy, environment and society. He concludes three key activities for a sustainable business in
the 21st century:
•
•
•

The special role of partnerships between companies,
Earned loyalty over the years, and
The building of trust within cooperation.

As stated above, the concept of sustainability not only addresses the very company’s
environment, but also the many ways actors within and among the economy, politics and society
interact with each other. Ben-Eli (2018), defining sustainability as a dynamic equilibrium in the
interactions between the system conditions 'population' and 'carrying capacity of its environment',
amounts five core principles of sustainability: the material, economic, social and spiritual domain,
as well as the domain of life.
•
•
•
•

The material domain is defined as a resource conservation and productivity approach, as
much as physically possible.
The economic domain seeks a comprehensive consideration of ecologic costs in the current
accounting system.
The domain of life aims at ensuring the conservation of biospheric diversity.
The social domain aspires the allowance for the highest degree of individual and collective
freedom.
The spiritual domain seeks universal ethics that guide human actions.

The domains are interdependent, meaning that one affects all the others and vice versa.
Bel-Eli presents a systemic approach, that calls for policy implementation and operational activity
on all five domains simultaneously, to effectively implement desired change.
Hence, the notion of sustainability includes the three pillars (economic, environment and
social) or five domains, explicitly including the social dimension, striving for the preservation of
social justice. CE, however, is criticized for its missing focus on the social dimension (Murray,
Skene & Haynes, 2017; Meng et al., 2018). Instead, it is putting its focus on the change of the
prevailing linear consumption and manufacturing system, aiming for redesigning and changing the
system towards one that is equally or more profitable and more environmentally friendly. Although
existing awareness of the fact that an impact on the current system will be overarching onto all the
other pillars and domains as well, CE is still undermining the claim on societal impact of
sustainability.
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However, studies within the field of CE recently started to emphasize on the social aspect:
the creation of new jobs due to the way of how resources are used changes in the economy. This
shows the fostering of innovation by the competitive environment originating in remanufacturing
activities and how companies market them (Haverkamp and Raabe, 2018). According to the study,
resource conservation and value preservation go also hand in hand with the demand for local and
regional labor. Other social consequences of such a resource efficient circular approach are related
to issues where resources are sourced, such as distribution of raw materials, access to clean water
and worldwide food security (Environmental Federal Agency Germany, 2014).
As outlined in Chapter 2.4, manufacturing is much more than the processing of goods and
services. It is spanning the whole industrial value chain on a global scale. The environmental pillar
was outlined in the introduction, with the manufacturing's footprint on raw material and energy
consumption. Its contribution to the quality of individual human's life and the global economy
gives manufacturing also substantial impact on social and economic pillars. This is visible in the
many products or goods utilized daily by every single one of us, as well as the manufacturing's
contribution of 15.7% of global GPD in 2016 (World Bank, 2017), bringing with it millions of
jobs. Translated to the discussed notion of sustainability, manufacturing proves to have high
impacts on every single one of the introduced pillars of sustainability.

2.7 Principles of Circular Production Systems
As it occurred, CPS covers more than assembly and production and impacts the whole value chain.
This consideration takes a view on the system as a whole. Resource and material loops can be
closed, and linear production systems transformed into a CPS by looking at all industrial operations
within companies. A main approach that would make that possible and keeps reoccurring in the
literature is the implementation of a cascaded use scheme, possible through the "4R" framework.
The 4Rs namely stand for Reduce, Reuse, Recycle and Recover. This 4R-method can be utilized
to achieve a cascaded use of resources, materials and products as visualized in Figure 5 (Kirchherr,
Reike, Hekkert, 2017). Some research papers emphasize the use of 3R or 4R, while others are
elaborating on 5R, 6R or even 9R (Ghisellini, Cialani et al. 2016; Bocken et al., 2018; Pan et al.,
2015). However, the 4R approach is appropriate for starting CPS principles within Scania and is a
basic framework that can be extended to 6R or 9R if needed.
With the 4R approach, the following three strategies can be used to either close resource
loops or minimize the usage of natural resources, as visualized in Figure 5. By following these
strategies, the society can retain larger portions of natural resources by turning resource flows
circular, resulting in less destructive environmental repercussions.
(1) Slowing resource loops: extending product lives through improving its product design, which
will slow down resource flows.
(2) Closing resource loops: by recycling used products and extract resources, circular resource
flows can be achieved.
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(3) Narrowing resource loops: by using less resources per product, a higher resource efficiency is
achieved and can narrow resource flows (Bocken et. al, 2016).

Figure 5: Slowing, closing and narrowing resource flows (Bocken et al. 2016)

Within the R-framework, an activity hierarchy has been established. It indicates to
prioritize the first "R", Reducing the use of raw materials, i.e. by the extension of product-lifetime.
Otherwise, measures such as reusing of products, product recovery through remanufacturing, and
material recovery through recycling shall be applied in the mentioned order. Generally, the aim of
the R-framework is to keep products in working condition as long as technically and physically
possible (Figure 6).

Figure 6: Cascaded use scheme in a CPS within the 4R framework (inspired by Korhonen et al., 2018)

The principle of Reduction aims to minimize the input of primary energy, raw materials
and waste by increasing the production and consumption efficiency. This can be achieved among
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others by introducing more energy-efficient technologies, improving the design of products to
reduce materials and weight, or reduce transport distances (Hu et al., 2011).
The Reuse principle promotes the reintroduction of already used parts back into the product
life-cycle or also to fulfill other functions. This suggests rethinking the notion of waste that is
currently present in most mindsets: waste is becoming a resource. By designing more durable
products to extend their lifetimes, the idea of reusing can become more and more popular on the
customer side as well (Ghisellini, Cialani et al. 2016; Hu et al., 2011).
Recycling is the process of recovering materials from waste. After collecting and sorting
waste, contained raw materials can be used again (Hu et al., 2011; Kalverkamp and Raabe, 2018).
Through recycling, also the consumption of raw materials can be reduced.
The Remanufacturing principle regards to an industrial process that restores end-of-life
products to their original working condition (USITC, 2012). Remanufacturing represents an
exclusive way of retrieving the value of used products or parts and does not utilize raw materials.
In difference to the other “R’s”, only remanufacturing assures the upgrading of the used product
to the initial product quality again. Therefore, it should always be the preferred product recovery
option before recovery when technically feasible, as it also generates the biggest economic value
for the business (Vlaanderen, 2018).
Refurbishing is about upgrading a product to a higher quality than before, standing in
contrast to remanufacturing that aims for the same quality as before (Vlandeeren, 2018). According
to an US-American study in 2014, 32% of supply chain and operations professionals could not
differentiate remanufacturing and refurbishing, even though 86% of them have already worked
with remanufactured products for at least one year (Vlaanderen, 2018). Therefore, the term
remanufacturing will be used within this study and the 4R approach for the same of simplicity.
Reduce

Reuse

Remanufacture

Recycle

Action
Minimizing inputs such as energy,
raw materials and waste by
increasing the production and
consumption efficiency.
Reintroduction of already used parts
back into the product lifecycle after picking reusable
products.
Restore end-of-life products to their
original working condition.
Recovering materials from waste.

Effect on product quality
-

Unless certified, it depends on the
specific product and on how
much it has been used in its
life-cycle.
No qualitative differences as
original working condition
is restored.
-

Table 1: Actions within 4R approach and its effect on product quality (inspired by Vlaanderen, 2018)

As the 4R hierarchy in the table 1 indicates, some steps such as reducing the overall
resource use or reusing products shall be prioritized. While the principle of Reducing shall be the
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first measure to follow for decreasing waste, remanufacturing and recycling need an everincreasing level of treatment to either bring products back into the loop, or to recover raw materials.
Therefore, both measures come last in the waste hierarchy (Kirchherr, Reike, Hekkert, 2017). I.e.,
recycling is the least valuable option since it logically displays a form of down-cycling with
materials losing quality and thus suitability for use within subsequent production processes, rather
than the desired up-cycling (Figure 7) (Braungart, McDonough, and Bollinger, 2007; Angelis,
Howard et al., 2018).

Figure 7: 4R hierarchy

The 4R principles are interdependent and interrelated (Hu et al., 2011). For example, an
increased lifetime of a product results in lower usage of resource and lower replacement needs.
The so-called “Waste-as-food" concept is all about having outputs from one process being utilized
as an input within another process. By recycling materials, there is a lower need for new raw
materials, which contributes to the factor of reducing initial input. Remanufacturing and Reusing
have the same effect, as products are kept in the loop as long as possible, reducing the need for
raw resources (Murray, Skene & Haynes, 2017).
In the end, the 4R method presents an appropriate approach for an application at Scania,
especially an application such as the simplified pedal car assembly line. Once a concept is
elaborated on how CPS can be introduced to Scania, this basic 4R approach can eventually be
expanded onto a 5R, 6R or 9R approach. This comes with increasing expertise about the processes,
in order to minimize and reintroduce produced waste even more through different activities. Each
“R” contributes to transform a linear production system step-by-step to a CPS. In this context CPS
mainly concerns the value (re-)capture of the produced goods through reusing, remanufacturing
and recycling, and with it the reduction of virgin materials as process inputs and waste as process
outputs.
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2.8 Evaluation Methods of Circular Production Systems
Key Performance Indicators (KPIs) are a common way in business to empirically define and
evaluate success of an association’s performance within different business areas, such as
production. KPIs as a measure of success are pivotal for any issue being managed and need to be
adapted to making the measure the most relevant to the specific issue. KPIs can be used as a
standpoint for assessment and be analyzed to suggest future improvement measures to further
boost KPI values. KPIs are adaptable to every company and issue (Parmenter, 2015).
Transforming linear into circular production systems is going to change material flows and
requires change on a macro (country), meso (metropolitan), and micro level (organizations,
products) (Ghisellini et al. 2016). Changes on a micro-level, where this thesis takes place, that help
achieving this transformation include reducing waste production; prolonging product lives; and
introducing new business models of leasing instead of selling products. The latter results in
companies keeping the product ownership, contributing to bring products and materials back into
the loop (Linder et al., 2017). Here, the 4R principles of remanufacturing, recycling, reducing and
reusing materials (Chapter 2.7) come into play, as they support recirculating used products and
materials back into the production and usage cycle.
As this master’s thesis aim is to consult on measures to limit waste and increase the
environmental performance of industrial companies, "sustainable” KPIs need to be defined to
measure the circularity of company’s products. The circularity is defined as the “fraction of a
product that comes from used products” (Linder et al., 2017). There are different methods and
tools available within the current literature to support environmental management. One of them is
the material flow analysis (MFA), which is basically an input-output model of materials used for
every process, enabling to see all amounts of materials utilized. It is a measure that helps to balance
out processes. However, this method is highly relying on data availability and data quality, and is
criticized due to its uncertainty (Zhang, 2013; Wang & Ma, 2018). Another popular method
supporting environmental management and assessing circularity is the life-cycle assessment
(LCA), which is embedded into the ISO 14040. It is a tool used to elaborate on environmental
facets and possible influences during the lifetime of products, starting with the purchase of natural
resources and ending with the dumping of initial inputs. By following this ‘cradle-to-grave'
approach, factors such as material usage, human wellness and environmental repercussions are
considered (Pryshlakivsky & Searcy, 2013).
However, an underlying problem in all applicable methods trying to measure circularity is
finding a proper unit to make products comparable with each other (Linder et al., 2017). For
instance, products may be made of several different materials, making it difficult to compare
products on a material basis. Therefore, Linder et al. (2017) suggests the units of mass, energy and
time to make circularity of products comparable. After formulating, measuring and analysing
sound KPIs for the researched issue, Kurdve and Wiktorsson (2013) argue for not just measuring
but also visualizing the goal state. Visualization can help the understanding of complex issues and
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unify the tracking of it. Hence, a set of KPIs together with a visual indication of the measured
variables are pivotal for managing the 4Rs in the context of a CPS.

2.9 Summary of Chapter 2
The literature research to CE, CPS and Lean offered an insight into the scientific elaboration and
general developments of the concept. Initially, the advent of CE in recent times has been framed
around the main actors and focuses in the field. Then, on a very abstract level are concepts
introduced, which should align human action to nature. A short overview about relevant practical
frameworks has been provided in Chapter 2.3.4. Several actors, among them consultancies, are
working to phrase actions from the theoretical concepts, to facilitate their application in practice.
Following, the state-of-the-art manufacturing is introduced, Lean Manufacturing, and the kinds of
waste it is targeting. With it, the notion of waste was demarcated between Lean Manufacturing
and Circular Production, and the influence of production on the entire value chain introduced.
Subsequently, the notion of sustainability in CPS was introduced, and its focus on resource flows
and production and consumption patterns, rather than social factors. The 4R Principles are
introduced and followed in the course of the thesis, concluding the theory chapter with evaluation
methods of a CPS.
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3. Methodology
In this chapter, the methodological approach and the utilized methods to design the study are
introduced. The study methods consist of a case study; including interviews and observation
studies, and of an external benchmark; including interviews, observation study and website
research. The chapter provides an overview of the research procedure and information about
research participants.

3.1 Rationale
The authors consider themselves affiliates to constructionism as a paradigm of the ontological
framework and seek understanding of reality through the human mind and interactions with objects
of the external world, but also acknowledge the prevalence of facts as part of an objective reality
(Jupp, 2009). The study takes an inductive approach, where the matters of importance for the
authors emerge from the utilized theory and obtained data. The features found in the data material
are aimed to be extended into a greater order in a bottom-up way, where the gained knowledge is
transferred to a more general level (Bryman & Bell, 2011). However, the study’s objective of a
coherent theory of truth falls victim to the authors’ very interpretations and reconstructions of the
obtained qualitative data, as the researcher cannot free themselves of their theoretical and
epistemological commitments (Braun & Clarke, 2006). For this, the awareness of the constructivist
views in this research is important for being open to the unpredictable outcomes of the interviews
and observations.

3.2 Theoretical Approach: Thematic Analysis
These underlying stances and the purpose of establishing a rich understanding of the obtained data
are best met using Thematic Analysis, a qualitative analytic method for identifying, analyzing and
reporting patterns within data (Braun & Clark, 2006). As Braun & Clarke (2006) continue,
thematic analysis differs from alternative qualitative analysis methods such as Grounded Theory
that it is less theoretically bound and does not claim to direct its use towards theory development.
Thematic Analysis seeks the finding of certain themes or patterns across an entire data set, rather
than within a data item. A theme is found in the data set through a repeating or similar response,
idea or meaning across the many collected interviews. To elucidate the findings, they get presented
from the perspective of potentials, enablers, and barriers.
An inductive approach means the themes and qualitative features of the investigated
sample are assembled and combined so that they give rise to the presence of other essential features
and new versions of combined features. With this, a rich description of the entire data set by
identifying codes and analyzing them is provided. This also means that the outcome is strongly
data-driven, hence bound to the obtained qualitative data in the study. This approach seems
necessary, as literature about practical use cases of CPS or Circular Manufacturing Systems is
scarce. Moreover, it enables the authors to be more independent from already existing concepts
and theories, which supports the understanding of the implications from the collected data
(Bryman & Bell, 2011). The goal is an expendable and generalizable groundwork, but for this a
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single case cannot possibly provide enough validity to claim ample scientific generalization (Yin,
2003). This said, the authors rather put emphasis on the uniqueness of the case and the aim to
contribute to an understanding of the complexity of practical implications of a circular production
in lean contexts (Bryman and Bell, 2011). For this, the collaboration with Scania offers crucial
access to experts/employees and information, hence allows a comprehensive in-depth study of a
single organization.
On this ontological, epistemological, and methodological fundament, the study was
designed by Christopher Wolf and Thomas Schmitt, postgraduate students at Uppsala University.
The study, including the interviews and observations, was carried out between January and June
2019.

3.3 Design of the Benchmark Study
During recent years, efforts to integrate CE in business practices have increased gradually across
a wide range of industries with the promise of maintaining competitive edge, mitigating supply
risks and material price volatility, and handling environmental challenges. By conducting external
benchmark studies, already implemented circular measures or measures to put them into action
could be examined. To gain a broader understanding outside of the case study’s context, players
in the field of the manufacturing industry and academic research were interviewed. The functional
benchmarking within the automotive manufacturing industry was used to identify performance
gaps of operations in comparison to others, and to keep track of technologies and process
innovations. By this, actors can identify better ways on how to compete in their field (Brookhart,
1997). The authors visited one external company, a manufacturer of combustion engines, where a
senior manufacturing adviser was interviewed. Also, employees in charge of the energy and
resource management of a big German automotive company got interviewed on their life cycle
assessment measures. The authors were able to access and contact both external companies due to
their affiliation to the TRATON Group. A third company's circular measures got researched on
via their publicly available website information. The interviews within academia included
discussions with a Circular Manufacturing researcher from KTH and a Manufacturing expert from
Uppsala University about state-of-the-art research in the field of CE and CPS. Also, a sustainable
engineering consultant in the field of CE from ÅF got interviewed. The resulting set of qualitative
data was analyzed using thematic analysis, as outlined before. The list of interviewees for the
benchmark study can be found in Appendix B.

3.4 Design and Procedure of the Case Study
The unit of analysis is a manufacturing firm with a long-established track record of following Lean
principles in manufacturing operations while having few approaches taken towards a CPS. The
company serves a single case study, with a detailed examination of a company that is presumed to
be representative for the entire industry (Yin, 2003). Such a ‘critical case’ including a deep analysis
can present a relevant example with strategic importance for other companies finding themselves
in similar situations (Flyvbjerg, 2006). Although researchers are since long concerned about the
generalizability and validity for context-independent information gained by a single example for
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a broader class of phenomena, some have over the years changed their opinions and started valuing
the practical knowledge gained from case studies (Flyvbjerg, 2006). Although justified skepticism
among scholars regarding case studies’ contribution to theory-building and -testing, development
of knowledge via the investigated difficulty in close-to-reality case studies is possible. Hence, the
authors consider the ‘force of example’ in this study as considerable in order to contribute to an
understanding of the practical implications of the theoretical concepts of circularity in the very
industry’s context.
Due the unsure nature of the problem, concerned with understanding the phenomenon of a
CPS and its deeper-rooted problems with Lean implementations in the first place, qualitative
methods are used (Bryman & Bell, 2011). Following the semi-structured interviews provided the
interviewers with reliable and comparable qualitative data, and the flexible nature of the interviews
helped to understand related issues from many different perspectives (Bernard, 1988). The data
sampling is done mostly in the case company but also during an external benchmark by collecting,
coding and analyzing the data, and then deciding which data to collect next. In this study, the semistructured interviews got refined over the course of the study based on the preceding observations
from the data and the interviewee’s field of knowledge (Bryman & Bell, 2011). Then, the data got
iteratively reduced until distinct interdependent themes were found. The research schedule entails
a list of general topics that were addressed in a logically chronological order for semi-structured
interview guidance.
3.4.1 Research Schedule
The semi-structured interviews, or in-depth interviews, were open ended but led by an interview
guideline that followed a general script and covered chosen topics: Current operative and lean
practices within the interviewees field of work; Distinctions between SPS and Lean
Manufacturing; Wasteful and environmentally problematic practices of SPS; Opinion and
perceived Potential of a CPS as an alternative to the current Linear system Questions about the
current status of the SPS aimed to gain an understanding of the extent of Lean implementations at
Scania. The following questions were designed to explore the interviewees reasoning for Lean
measures. Subsequently questions about distinctions between SPS and Lean Manufacturing pursue
an examination about the participant’s awareness of the current Manufacturing paradigm. Thirdly,
questions about the environmental performance of Scania’s processes are aimed to find leverages
for alternatives proposed by CPS. Lastly, CPS was presented to discuss potential and possible
implementations of the system and its limitations in the current context. Every question remains
open ended to allow the participant to elaborate on their answer.
To the largest extent face-to-face interviewing, but also phone interviews were conducted
if a physical meeting was not possible. The interview guideline was addressed in a chronological
order for discourse guidance, and is supplemented in Appendix C.
For the observational studies, at the beginning of the thesis the authors took part in a oneday training at the pedal car line, undergoing an education mandatory for every new production
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line worker to get introduced to Scania working processes. During the thesis, visits were conducted
within Scania’s test assembly line and the real assembly line of buses and trucks. Observations
also entailed a Scania owned facility, that specializes on dismantling trucks, and sells reusable
parts as well as recyclable scrap. As part of the visit, the observations were noted down on paper,
and interviews were held with employees. The studies helped to obtain knowledge about already
ongoing circular practices and to gain better understanding of the processes.
3.4.2 Sampling Strategy
Initially, the study was assumed to use a simplified assembly line for training purposes, the so
called ‘pedal car line’. On this line, circular methods elaborated through the course of this master
thesis should have been tested on. This raised early in the study the question of its generalizability
onto the actual Scania assembly operations. As the study progressed, the authors became
increasingly aware of the importance of the line’s lack of various parameters, crucial for its
applicability and generalizability on the actual assembly line. The pedal car line is already perfect
in terms of an ideally circular dis- and reassembly and its absence of waste during the six stations
of assembly and disassembly (Figure 21 in Appendix D). For this assessment, the authors used the
Green Performance Map to analyze the process on its environmental impact and set priorities for
action (Romvall et al., 2011; attached in Appendix D). This finding stands in contrast to the real
assembly lines at Scania, where numerous kinds of waste accrue and to the fact that the trucks and
buses are mostly not returned for disassembly in the EOL-phase. However, while studying the
pedal car line and understanding its lack of closeness with reality, another important finding was
the actual assembly line’s interface with various departments along the industrial value chain.
Hence, the assembly alone would not represent a comprehensive case study for studying circular
measures.
Therefore, the flexible qualitative approach helped to progress step for step, to evolve and
expand the study from the pedal car line onto the real assembly line and eventually onto Scania’s
value chain. Eventually, the study included 19 semi-structured interviews with in total 23 Scania
employees representing various responsibilities in departments along the value chain, and direct
process observations in order to gain understanding of how current manufacturing operations are
working. The observation locations were chosen on base of the input-intensity of the processes
and on the extent of circular measures already implemented. The list of interviewees for the case
study can be found in Appendix A. The interviews covered departments beginning at the Design
and Research & Development department, guiding through the Production and Assembly Lines
and ending at the After-Sales and End-of-Life division. As a sampling frame, Production
Engineers; Project Managers and Head of Departments were chosen. This enabled the authors to
gain from an operative perspective with knowledge about practices and what they imply for the
operations, as well as from a managerial perspective with a holistic process understanding. It
allowed for a comprehensive understanding of the company's business operations and their
interlinked operational nature.
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3.4.3 Data Collection and Reduction
Being faced with discomfort by the participants when asking for audio recording, the authors
decided to take notes instead of recording raw data during the interview sessions. The interview
guideline and answers from the interviewees were noted down in the software Microsoft OneNote.
All interviews got conducted by both authors, where one was responsible for minuting and the
other for leading the interview. Following the interviews, the notes got tidied up and commented
on by the authors. The originating script was afterwards used as an interview transcript for the
qualitative data analysis.
After conducting the interviews and familiarization with the data through re-reading the
written transcriptions, initial codes are generated. The list of codes is then searched through for
themes that enable the sorting of the codes. Subsequently, themes are reviewed and explained
within this report (Braun & Clarke, 2006). By this, intersubjective ideas arise that are discussed by
the researchers, and attempt to help establishing a senseful and trustworthy analysis of the collected
data. The outcome is a synthesis made of the descriptive categories of potentials with its
subthemes, the enablers and barriers. Several of the themes can easily be compared to the assessed
literature and hence confirmed its relevance, while others were novel to the previous findings in
the literature. These themes are presented in the following sections.
An overview of the Data Collection Process is visualized in the following Figure:

Figure 8: Data Collection Process (inspired by Kumar, 2005)

3.5 Ethical Considerations
Research ethics play an important part in this study. The qualitative methods were designed to
allow a maximum degree of confidentiality for every participant. The interviewees were provided
with information prior to the talk such as the purpose of the study and their voluntary choice to
share information and ensure informed consent. Moreover, harm to participants and invasion of
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privacy has been countered by “cleaning” the data set by removing identifiers and anonymizing
the names, departments and positions of the interviewees (Bryman & Bell, 2011). Names were
replaced with numbers, and instead of the department code a general description of the
department’s responsibility was provided. The same was done with the participant’s position. Due
discomfort expressed from the interviewees; no audio recording was carried out. For reasons of
confidentiality, this thesis is destined to be presented to the company’s supervisor with a copy
before its final submission. This is to prevent delicate and confidential information to be exposed
in this report.

3.6 Research Rigor
Interpretative in nature, the reliability and validity of the presented data emerging from Thematic
Analysis is vital to the research, since misinterpreted data could undermine research efforts. To
improve the reliability and validity of this study, and to obtain data in rich representations in both,
verbal and imagery form, various data sources have been used for the data collection process. Also,
several procedures for assessing the data’s credibility are necessary. Initially, cross verification of
data has been tackled with a triangulation approach, where the received information from
interviews was crosschecked with the information obtained by observation studies of processes
and with the help of academic research articles. The triangulation was ongoing throughout the
whole study to diminish biases and misinterpretations of the researchers. During both the data
collection and analysis process, the research members reviewed each other’s findings, and
disagreement during discussions were resolved. This led to an alteration of the open-ended
questions from interview to interview, where then more information about the CPS was provided
due an initially noticeable lack of understanding of the concept of the topic. During data reduction,
this process was essential for emerging themes in accordance with both researchers’ findings and
interpretations.
Case Study Tactic
Construct Validity

Internal Validity

Reliability

Various data sources:
- Academical researcher
- External benchmark studies
- Single-Case Study Interviewees
and Observations
- Theoretical Framework built
- Triangulation of multiple
information sources
- Develop case study protocol with
interview guideline for all
participants
- Involvement of both actors in
analysis comparison and discussions

Phase of research in which
tactic occurs
Data Collection

Data Analysis

Data Collection
&
Data Analysis

Table 2: Case Study Tactics (inspired by Yin, 2003)
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4. State-of-the-Art Overview
This chapter presents findings and results from various interviews, benchmark studies and
observation studies within Scania. Firstly, Scania’s current production system SPS, which is based
on Lean, and its distinction to the concept of CPS is explained. After discussing already ongoing
CPS initiatives within the manufacturing industry and presenting findings from the external
benchmark, an internal benchmark along Scania’s value chain is presented. The internal
benchmark revealed the operationalized Lean System in its handling of the Production inputs and
outputs and was marked on the one hand by scattered progress of energy consumption and CO2
emission, but also systemic standstill on material consumption. The findings suggest an
unstructured and uncoordinated approach towards 4R activities, that are crucial for CPS and were
found to have great potential for Scania.

4.1 Ongoing CPS Initiatives within the Manufacturing Industry
In this section, the manufacturing industry is elaborated on its ongoing circular initiatives. At first,
initiatives and aspirations of companies within the overall manufacturing industry are shown.
Subsequently, a theoretical overview about the state within the automotive industry and an external
benchmark on three practical examples of chosen automotive companies are presented.
From an enterprise perspective, big companies are making operative changes towards a
CE. In the case of Apple, the company extracts valuable materials from old devices by
disassembling their products and redirecting components and materials to recyclers which allows
to reuse the materials for new products and to move the firm towards its goal of a 100% use of
renewable resources or recycled material (Apple, 2018). In the fashion industry, according to EMF
(2017) a sector where currently only 1% of the materials used are recycled into new products,
companies such as H&M commit themselves to a 100% circular and renewable development.
H&M’s approach states five key stages to move the company closer to the expressed goal of 100%
circular operations, namely Design; Choice of Material; Production Processes; Product Use; and
Product Reuse and Recycling. Within these fields specific focus is put on the phasing out of
substances of concern and microfibre release, the increase of clothing utilisation, radically
improving recycling and moving towards renewable inputs (H&M, Sustainability Report 2017).
4.1.1 Ongoing CPS Initiatives within the Automotive Manufacturing Industry
In the following, an overview about conducted studies in the area of automotive manufacturing is
presented. Studies of three automotive companies employing CE practices, namely Cummins,
Renault and Volkswagen are serving as a benchmark. Information about Renault’s practices were
sourced online; the Injector and Pump production facility of Cummins was visited, the facility’s
Senior Manufacturing Advisor interviewed; and interviews with Volkswagen employees were
held. The current situations within these companies were analysed regarding the defined 4R
principles of a circular production, namely reduce, reuse, recycle and remanufacturing.
The focus of studies in the HDOR-sector has so far been put on the use-phase of vehicles,
since around 80% of the total environmental impact throughout the entire life cycle of vehicles, no
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matter if light or heavy, is caused during the use phase, i.e. through high fuel consumption and
emissions (Hill et al., 2012, Saidani et al., 2018). For out-of-use cars in Sweden, Diener and
Tillman’s study (2016) shows that 91% are going to dismantlers to recover components and
materials for reuse and recycling, while 7% are exported or left to rust and the remaining 2% go
directly to material handling facilities (Saidani et al., 2018). Saidani et al. (2018) also state that
reuse of spare parts and recycling of materials are the currently preferred End-of-Life options in
the automobile industry with existing dedicated treatment facilities. On the other hand, treatments
for heavy vehicle in Europe are still poorly structured and has few existing operating closed loop
practices putting focus on rather remanufacturing, refurbishing and reusing components. The
poorly structured approach might be brought about by missing regulations: while the Directive
2000/53/EC aims for an extended producer responsibility and increased dismantling and recycling
of light vehicles, the HDOR sector has yet such regulations to be inured (Saidani et al., 2018). The
preferred EOL activities are due the nature of the vehicles: as automotive spare parts are smaller
and less costly than heavier truck parts, the amount of parts profitable enough for remanufacturing
is significantly higher in heavy vehicles. While the preferred option for heavy vehicles in Europe
today is remanufacturing, nevertheless, the study states that second-hand heavy vehicles are still
usually sold to emerging markets and developing countries, where waste management is little
developed. Even in Europe, dismantling and recovery channels are in their infancy, and the
profitability of dismantling infrastructures has yet to be proven (Saidani et al. 2018).
Waste, Energy and CO2 Management Practices at Volkswagen
The authors talked to three persons in charge of the auditing and legal consultation of Volkswagen
locations on Waste, Energy and CO2 management. To understand and improve production
processes, Volkswagen conducts an LCA about material and energy flows. It measures the in- and
output per process step that helps understanding how environmentally and energy intense
processes are. The notion of Circularity is not yet officially used within Volkswagen. When asked
about the applicability of such an LCA on the Scania pedal car line, the interviewees refused with
calling it too big effort for too little benefit. The pedal car line does not have big consumers, nor
is it displaying the whole production chain and hence a transfer to the actual production line is not
realizable (Ext.2). The interviewees proposed an analysis on environment and energy view at the
actual production line on one or two processes with bigger value.
Circular Practices at Renault: Establishing a Circular Network
Calling itself a pioneer and leader of the circular economy, Renault established a network among
its plants, suppliers, and sales partners to offer the reuse of parts coming from its Choisy-le-Roi
factory, which is specializing in the renovation of mechanical parts. In 2018, the reuse of parts in
this factory amounted to up to 35,000 engines and up to 30,000 powertrains (Renault, 2019). After
dismantling, cleaning, sorting, refurbishing and replacing faulty parts, the remanufactured spare
parts are resold as replacement parts to lower costs to customers and have proven to accumulate
savings in terms of energy for their production of around 80%, and savings of water consumption,
chemicals consumption and waste production respectively up to 88%, 92% and 70%. The Choisy30

le-Roi factory does not send any waste to landfill but uses 43% of the vehicle mass’ raw materials
and recycles 48% in foundries, while the remaining 9% are sent for recovery operations
(BusinessEurope, 2017). Within its network, Renault collaborates closely with specialists within
the field of recycling and waste management to organize and disseminate best practices and
knowledge, moving towards an efficient industrial circular network.
Circular Practices at Cummins: Circular Manufacturing of Injector and Pumps at the
Cummins-Scania Joint Venture
Cummins claims experience with remanufacturing practices for more than 60 years, which shaped
their product design over time to be able to remanufacture as much as 85% of an engine today,
accumulating to 19,000 engines in 2016 with 85% less energy required (Cummins Sustainability
Report, 2017). With its strengthening of new product and remanufacturing facilities, the company
takes a new business approach to be able to offer a more affordable and high-quality alternative to
its new parts. It conducts lifecycle analysis to extend work on several more products and does so
with extensive collaboration with the Massachusetts Institute of Technology.
One of the works on circular activities of Cummins is its remanufacturing of non-quality
conform injectors and pumps at the Cummins-Scania Joint Venture (JV). The authors conducted
an interview with the plant’s senior manager as well as an observation study at the line. To begin
with, this manufacturing line serves as a good benchmark due to its established tracking, testing,
analysis and remanufacturing practices. This effort is due to the parts’ expensive manufacturing
and their crucial functions, that are possibly jeopardized by small invincible scratches or damages.
For this reason, 100% of the parts considered non-quality conform are reworked on. The two
processes, one for the injector production; one for the pump production, are sequentially conducted
from Kitting over Washing, Assembly, Testing to the finished product. An additional Rework and
Analyze station is located at the end of the whole process flow. Figure 9 is showing a flow chart
of the observed injector line.

Figure 9: Injector Assembly Process with implemented circular practices at the Cummins-Scania JV
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When the testing machines and operators recognize deviations within the injector, they are
sent to the Rework and Analyze station for rework. Moreover, when injectors do not pass tests at
the testing station, these parts are then checked for underlying reasons of the test failure.
Subsequently, those injectors are sent to the testing station again. If they still do not pass the test
for three times, those parts are sent to a “deep analysis” station at another department. According
to the plant’s senior manager, the most experienced operator spends part of his working time for
rework, as most of the injectors are of good quality and do not require any further analysis (Ext.4).
Radio Frequency Identification Technology (RFID) is used to allow for a maximum
traceability of the parts. The RFID tag is attached to each of the products, and a serial number gets
assigned. The tag then collects data about the type of part, its production procedure as well as
metrics about torches and its test behaviour, crucial to obtain and assure the highest process and
product quality. The implemented rework station for non-quality conform parts let the JV gain
knowledge about the faulty parts and its processes, allowing for constant improvement. The
manufacturing operations’ quality increased over time from a 90% to a 99.5% level. The 0.5% of
the parts are still getting analysed and reworked, and afterwards led back into the Kitting station
to re-enter the process.

4.2 Case Study within the Company
In the following, an overview over the findings from the case study is provided. At first, the current
Scania Production System is introduced and its differences and interferences from Lean.
Subsequently, the findings from the interviews and observations along the internal value chain of
Scania are presented.
4.2.1 Principles of the Current Scania Production System
The so-called Scania Production System (SPS) is the company’s philosophy and guide for
continuous improvements within its production system, in order to make it more efficient. By
conducting a benchmark with the Japanese automotive company Toyota and its Toyota Production
System (TPS), Scania introduced SPS in 1996 to improve teamwork, motivation of its workforce,
involvement of its employees and strengthen leadership. SPS was adjusted in 2010 stressing the
need of smaller teams, quality gates, integrated maintenance as well as logistics methods and is
implemented in all parts of the Scania organization. SPS is mainly introduced to eliminate delays
in Scania’s production processes to guarantee a smooth flow (Kurdve et al., 2014; Scania Global,
2019; Sederblad, 2011).
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The SPS house is visualized in Figure 10.

Figure 10: SPS house (Scania Global, 2019)

The foundation of the SPS house consists of the three following blocks, which are also part
of Scania’s core values:
•

•

•

Customer first: Scania can only exist if there are customers willing to pay for its products
and services. Therefore, the company aims to keep delivery times and deliver quality
products.
Respect for the individual: Creating a positive work environment between colleagues,
managers and staff. Scania’s employees shall have the opportunity to develop themselves
within the company.
Elimination of waste: Countering quality problems as soon as they appear and ensure
smooth working processes (Scania CV AB, 2019; Sederblad, 2011).

Further, two pillars bear the load of the roof, namely “right from me”, representing quality,
and “consumption-controlled production”, which shall prevent excess production. Goods shall be
produced in the right amount, at the right time and place as required by the customer. The roof of
the SPS house inherits the main goal of SPS, which is driving continuous improvements. Priorities
of SPS encompass Safety / Health / Environment, quality, delivery and cost, which shall be thought
of in all processes (Sederblad, 2011).
Clear parallels can be seen between SPS and Lean as the former is based on the latter. On
the other hand, Lean principles are focusing much more on the production system, while SPS
appears to be a management system itself. Elimination of waste, a goal of utmost interest within
Lean, is only one part of SPS, which is about a rather holistic approach containing other factors
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such as respect for the individual to continuously train its employees, keep them in the company
and profit from their gained knowledge (Sederblad, 2011).
While Lean is designed to maximize profits and minimize costs by reducing waste resulting
in less and slimmer non-value adding processes, in SPS minimizing costs is of high, but not
paramount importance. Safety, health and environment are prioritized, focusing i.e. on ergonomic
assembly practices or physical waste reduction. Scania claims to focus on improving its
environmental performance by following SPS. In social terms, Scania is trying to ensure worker’s
health by introducing ergonomic working practices in the assembly lines, which is part of SPS’s
priorities. Hence, Lean itself is rather designed to improve the economic performance, less taking
into account social or ecological indicators, while SPS tries to include the social and ecological
component as well to some extent (Chiarini, 2013; Sederblad, 2011).
4.2.2 Differences between the Scania Production System and Circular Production System
SPS is to a large extent based on Lean but adapted on Scania’s values. Hence, it considers a higher
degree of social and ecological factors, such as improving ergonomics in the assembly lines to
benefit worker’s health. However, improving economic efficiencies is the focus of SPS, to produce
the goods at their lowest possible costs. For this reason, with the alignment to the Lean philosophy,
SPS is focusing on minimizing waste. But as explained in (Chapter 2.4), ‘waste’ within Lean is
defined as any non-value adding operation, emphasizing a rather process-focused approach. This
is showing a stark contrast to the conception of waste within the CPS framework: here, waste is
considered a resource, hence waste itself is non-existent or at least kept at a minimum (Chapter
2.3). Unlike SPS, the main objective is to improve a company’s ecological performance by
reducing physical waste, not solely focusing on profitability or economic factors. Also, within the
CPS framework, processes are not split between value adding and non-value adding, and the focus
is laid upon activities as well as its inputs, in the form of material and energy, and outputs such as
waste. Once these in- and outputs are known, saving potentials can be identified and tackled
through counteractivities. Resources, that are not (re)-used to their maximum potential then, are
treated wastefully, but are still considered a resource. In the following, the notion of ‘waste’ refers
to the Lean stance.
By either remanufacturing EOL products, reducing physical manufacturing inputs such as
material or energy, reusing products or recycling all kinds of waste, the whole manufacturing
process shall be turned circular, and linear loops transformed into closed-loops. Theoretically, CPS
is designed to have zero waste production or pollution and be a circle that is back-feeding itself or
other systems, such as in the Industrial Ecology concept (GDRC, 2018). Products shall be kept in
use and materials be reused as long as possible. While SPS focuses mainly on reducing and
eliminating waste within the production processes and improving its efficiencies (Chapter 4.2), it
is not attempting to find solutions on how to prevent the production of waste overall in and outside
its manufacturing.
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By following a CPS, positive societal benefits are also expected to be fostered (Chapter 2).
Moreover, new business models are supposed to be introduced, which are seen as a driver of
innovation (Bocken et al., 2016). Innovation is generally expected to accelerate by aiming to solve
environmental problems with scientific solutions (Lieder & Rashid, 2015; Korhonen, Honkasalo,
& Seppälä, 2018). For instance, by reintroducing waste into the production circle, new materials
are needed which can be reused or easily recycled but also guarantee longer product lives. Also,
new industrial processes will be needed to integrate the circular framework into manufacturing
lines. In order to support this movement, the European Union (EU) introduced the initiative
“Industry 2020 in the circular economy” and the Eco-innovation Action Plan to finance innovative
new projects which try to find ways for preventing the production of waste or remanufacture
products (European Commission, 2015).
Although, Lean itself did not change the linear exploitative production system over the time, it did
though lead to a more efficient production with more environmentally friendly operations, based
on economic figures incentives. In the end the SPS, based on Lean principles, and CPS are not
concepts excluding each other. Rather, a combination of both might be best in order to achieve an
efficient balance between a maximized productivity and the best environmental performance
possible, which is combined in Circular Lean Product-Service Systems (Romero & Rossi, 2017).
4.2.3 Internal Benchmark at Scania along its Value Chain
In order to gain insights into the whole Production System, focusing on its processes and activities
at Scania, the authors interviewed persons in charge and observed processes along the whole value
chain of Scania’s products, while putting the focus on assembly and production operations.
Scania’s value chain and its links to the 4Rs are shown in Figure 11 (Scania Global, 2019). Similar
to Michael Porter’s value chain model (Chapter 2.4), some differences remain due to the author’s
observations and interviews.

Figure 11: Generic illustration of Scania's value chain

Scania describes its value chain on its global website and contradicts to Michael Porter’s
value chain (illustrated in Chapter 2.4) as it does not distinguish between supporting and primary
activities. Neither does the company mention firm infrastructure and human resources
management as part of their value chain. Instead, the In-use phase is included in which Scania
offers services such as driver training and coaching to minimize fuel usage. Since the authors
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focused on the production and assembly operations and their underlying influences along the value
chain to produce commercial vehicles, a depiction of the separating supporting and primary
activities is shown in Figure 12.

Figure 12: Porter's value chain applied to Scania

As the Production is basically turning inputs in forms of raw materials into outputs such as
parts or components and the Assembly is putting parts and components together to build up the
final truck or bus, these departments have been separated. The HR departments has not been
integrated in Figure 12 due to the fact the focus within this master’s thesis has been put on the
production and logistics (P&L) operations. Moreover, the HR does neither have any direct
influence on the production, nor does it enable circular measures.
Interviews have mainly been conducted with Managers and Engineers at the (test)
assembly lines, product quality departments, at the Service Exchange, and Scania’s disassembly
facility. Focusing on interviews with both managers and engineers helped to attain a holistic
managerial perspective about ongoing processes, as well as operative insights and opinions from
engineers in the fields. Moreover, influences on the actual assembly lines and its connection with
the early design and EOL phase could be detected. These influences are displayed in Figure 13,
showing the departments being placed before the assembly department in the value chain as
‘inputs’ of the assembly department to ensure ongoing operations, and ‘outputs’ or departments
following the assembly department in the value chain.
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Figure 13: Influences on the assembly along Scania’s value chain (inspired by KTH, 2013)

Michael Porter’s value chain is a model based on large scale production using synergy
effects to minimize costs and maximize profitability (Harvard Business Review, 2012). When
changing a production system from linear to circular, the concept of value will change and
consequently Michael Porter’s value chain needs to be adapted. Value in SPS, or generally linear
production systems in a Lean context, is created by the producer and the price determined by the
customer. Waste or non-value adding processes are minimized to give the customer the desired
value with the least effort and maximized profitability. As linear production systems do not
consider reuse of products, value is finally destroyed or at least heavily downcycled when products
are recycled, incinerated or sent to landfill. By contrast, value in CPS is maintained when
companies are keeping products and materials within the loop (McKinsey, 2016). Based on the
chronology of the value chain at Scania (Figure 12), empirical findings are presented in the
following subchapters.
4.2.3.1 Business Development

The Business Development department stands at the beginning of the value chain. Here, decisions
about how products shall be sold, which production strategies the company should follow, and the
implementations of new innovative business and product ideas are made. Currently, an
intersectional project about introducing CE at Scania is ongoing, in which the company is
elaborating on how Scania should implement the concept and how much economic and
environmental benefit can be seized (BD1). However, this project is in its infancy and attempt to
elucidate how CE could let Scania strategically profit.
Implementing CE is not only about streamlining resources back, but also to improve the
design of products in the first place to extend the product’s life time. Therefore, the company
started the ‘Design for life’ project, in which products are test-designed for higher durability, as
well as for easier repairing and remanufacturing. With this, Scania wants to be able to make more
use of EOL trucks and buses and resell parts or whole vehicles (BD1).
4.2.3.2 Research & Development

The Research and Development determines how products are designed, built and (re-)used. Scania
excels in its design for modularity, enabling operators in the actual assembly lines to assemble
trucks and buses quicker and with less effort (R&D1). While the design for modularity is very
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advantageous for making the assembly of products as easy, fast and economic as possible, it is not
taking after-life and not to mention environmental aspects into consideration. The design for
modularity is also causing economic constraints for customers, as a necessary change of a small
part can result in having to change a whole module, leaving the customer with higher costs and the
repair shop with more used parts. This practice results in unnecessarily producing more waste in
the end (R&D1).
4.2.3.3 Inbound Supplier Quality

The inbound supplier quality department assesses incoming material from suppliers before they
are used within Scania’s assembly lines. The department is also handling the damaged parts
coming back from the assembly line. Paced on a ‘red table’ at the assembly line even with minor
scratches, the parts are sent to the inbound supplier quality department and from there to the
scrapyard, after an invoice to the supplier has been issued. Parts placed on this table indicate a
damage occurred at the respective department in either a functional or optical form. The quality
assurance department, then, can only check for optical issues but cannot examine on the
functionality. Therefore, parts possessing a functional serving must be scrapped (IL1). Today, as
many parts are sourced from suppliers, Scania only sends an invoice but not the damaged part back
for rework, since the transport costs from Scania to the supplier can be higher than the actual value
of a part and result in direct scrapping without making use of the part (IL1).
4.2.3.4 Logistics

The Logistics department is working to guarantee optimal flows of material within Scania. This
means to transport products with low costs and avoid unnecessary distances when delivering
trucks; buses; and parts, having at the same time a positive effect on emissions (P&L2). With fielddata Scania collects from over 360,000 connected vehicles, the usage behaviour is studied to
guarantee uptime, reliability, and profitability by feeding back knowledge into the early
development as well as service phase for repair and maintenance (Scania Group, 2019). Today
many companies, among them Scania, lose the ownership of the data after the service contract
expires, and with it they lose the traceability of the truck and its parts.
4.2.3.5 Physical and Digital Test Assembly, Test Assembly Line

The field of action of the test assembly encompasses the physical test assembly (PTA), digital test
assembly (DTA) and the test assembly line. Within the physical test assembly, prototypes of new
trucks and buses are assembled to ensure the accuracy of measurements of units and to define
optimal assembly procedures according to the SPS. Because non-series parts are used for the
prototype assembly, they cannot be reused in the actual assembly lines and are entirely scrapped.
However, some of the parts are serial parts, and the same scrapping procedure is sustained even
though they could be reused in the actual assembly line. Therefore, the person in charge at the
physical test assembly suggested to investigate the reasons for this behaviour (P&L4). He states,
“20 years ago, when a part was broken, we had to fill out a form, mentioning a reason why this
part broke and the cost for scrapping”. Nowadays it is made easier, since this form is not existent
anymore (P&L4).
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In order to avoid the scrapping of parts, the avoidance of assembling prototypes in the first
place is a fruitful measure. Here, Scania is introducing a digital test assembly, in which Virtual
Reality (VR) technology is used to virtually assemble Scania’s products. By doing that, most of
the current physical test assembly can be replaced and limited to specific areas of trucks and buses.
Therefore, a substantial amount of waste in PTA could be avoided in the future (P&L4).
The actual test assembly line is designed to find optimal working processes for the seriesproduction lines, according to the SPS. While the focus is on safety, ergonomics and quality,
environmental matters or reducing waste are subordinate (P&L1). Recycling bins for cardboard
and plastic along the test assembly line were only a recently introduced initiative. Albeit, the test
assembly line was the only detected line with a neighbouring recycling station due to space
constraints in other departments at Scania. Moreover, a red table is placed besides the line on which
faulty parts are placed. However, they do not undergo a checking by a member of the quality team
but get directly scrapped (P&L1, Subchapter 4.2.3.4).
4.2.3.6 Assembly / Series Production

Scania’s main assembly of trucks and buses takes place at the site in Södertälje and is following
SPS. Within the assembly lines, large amounts of micro-waste and waste by-products occur in the
form of small plastic strips or metal rims on each vehicle leaving the production facilities. This
waste gets then thrown away within the assembly process even though they do not fulfil any
particular functionality. Taking into account the company’s yearly production volume of, for the
first time, over 100,000 trucks in 2018 (Scania Global, 2019), this micro-waste adds up and could
be avoided by re-examining processes (P&L8). But the processes designed to assemble
commercial vehicles are focusing on the Lean philosophy and minimized assembly time and cost
by parallelly ensuring safety and ergonomics. “Sustainability does not matter when designing new
processes” (P&L6). In order to counter micro- and macro-waste, Scania introduced a new KPI,
kilogram of waste per unit, in its chassis workshop (one truck and one bus together form a unit),
which shall lead to countermeasures reducing this amount. However, in order to track the amount
of waste in real-time, an IT-system is needed to support implementing this idea, which does not
yet exist (IT1).
Nevertheless, Scania tries to improve their energy efficiency by sending ‘Night Teams’
that go around Scania’s facilities at night and check if all machines and lights are switched off to
minimize ‘energy waste’ (P&L2). Another project is concerning Scania’s current waste
management: the re-evaluation of how mixed materials such as plastics are separated. With a more
thorough separation, more materials can be recovered and produce higher quality materials. This
should enable Scania to sell their separated waste to recycling stations and gain money instead of
paying for mixed material recycling (P&L8). Outside of the main assembly, a recycling station has
been set up in which accumulated waste is sorted and put into the respective bins. While this is a
step forward, there is no tracking of how much waste is actually amassed and how much of this is
either recycled or sent to the scrapyard (P&L8).
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4.2.3.7 After Sales

Scania Parts Centre - Service Exchange
One of the first measures to profit from either reduce, reuse, remanufacture or recycle material in
order to “close the loop” from a linear towards a CPS, was Scania's introduced Service Exchange
system. The system is part of the company’s ambition to build up a CE-system and aims to collect
already used or defective parts and components like engines, gearboxes and couplings. These parts
are initially chosen based on a business case study, comparing the reselling value with the
remanufacturing and logistics costs, as “economic profitability is the driver” of this business
(AS1). Service Exchange takes broken components flowing back from the dealers, these are
remanufactured to Scania’s original specifications and sold again at a lower price but at the same
terms and guarantees as new parts. This system exists already for more than 50 years but covers
still only a limited number of components that are eligible for rework.
The Service Exchange does not have any connection to the assembly nor production units
at Scania and is focusing on broken parts in vehicles in their use and EOL phase. When asked
about why the Unit is not also taking faulty parts back from the Production and Assembly, the
interviewed manager claimed that “[the authors] have probably seen more of the production units
and their processes after two weeks than [the manager] within [his] last 20 years of work at Scania"
(AS1). Even though the Service Exchange unit at Scania can potentially expand its business on
economic viability, it is limited in its operations as it interferes with Scania’s business model
(Figure 14) (BD1). While selling new parts is most profitable and most of the times desired by
customers, remanufactured or used parts represent different businesses of Scania and tailored
demands from customers (AS1). Even though remanufactured parts might have the same quality
and reliability as new parts, the parts are perceived as of lower value and lower performance than
new parts. This way of thinking limits the business of the Service Exchange. The missing
connection to the production can be explained with the same phenomenon, as no customer wants
to have remanufactured parts in their new trucks (AS1).

Figure 14: Different business models at Scania and their profitability hierarchy
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Used Parts – Disassembly and Recycle Facility
Scania’s integrated recycling and reusing facility, as visualized in Figure 14, is forming part of
another business area separated from the remanufacturing and service businesses of Scania (BD1).
Damaged trucks and busses are bought from customers and dealers for disassembly and checked
for reusable parts, that are then sold to customers with a competitive price. The facility is
specialized in offering used parts to the customer, thus, not renovated parts. Other parts are sent to
a recycling company, and non-reusable and non-recyclable material gets sent to the scrapyard
(AS2). In the beginning, this facility only received prototype trucks from the laboratories and R&D
facilities, now it sources also damaged vehicles that are five years or older from dealer stocks. The
Disassembly Facility and the Service Exchange are not collaborating nor communicating with each
other, even though they are both owned by Scania.
Used Vehicles - Scania Approved
Scania offers a market place for used vehicles, after brought back from the customer. Via Scania’s
website, interested customers can search for used trucks, that are assessed by Scania’s technicians.
Used trucks, buses and trailers are reconditioned and resold with a guarantee and a service or
maintenance package if demanded by the customer (Scania Global, 2019). By this, the company
assures the sales and use of the trucks for another lifetime.
4.2.3.8 Environmental Support

Scania’s internal waste handling is aiming to reduce the amount of waste and residual products
and striving for increased reuse and avoiding waste disposal. It is handling all accumulated waste
within the site at Södertälje. Measures shall be taken to reduce and, if possible, avoid the creation
of residual products and waste. Reduction of deposits in landfill is prioritized and recycling close
to the source shall be strived for. Among these goals is also the target to reduce the amount of
hazardous waste sent for external treatment, which is both costly and resource-intensive.
Today, waste is sorted and put in respective containers of either carton, metal or fuels. This
works well for Metal scrap, making up the biggest amount of waste, that is mostly sorted and sent
to the foundry for recycling. However, most waste accrued at the assembly lines is not sorted, due
the missing sorting stations because of space constraints. This leads to a loss of potential reuse and
recovery, as it is then directly sent for incineration to a third party. As a System coordinator for
Quality and (Work-) Environment states, there is potential for checking the waste in the containers,
today intended for incineration, on reusability or recyclability (ES1). This would help Scania to
achieve its ‘Waste Roadmap’ goal of reducing waste in its industrial operations which is sent to
energy recovery or disposal by 25% from 2015 to 2020. An expressed concern is whether Scania’s
employees have the time to sort waste next to assembling trucks and buses, as they are
manufactured within a certain tact time (ES1). Therefore, Scania is losing economic potential by
simply not having the appropriate infrastructure and circumstances for waste management in place.
When asking why no further measures have been taken so far to tackle the amount of waste,
the flow rate of materials is stated as too low to make economic sense of streamlining waste back
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into the loop. Moreover, if waste can be reused depends highly on the material. For instance, plastic
waste or mixed material is more difficult to reuse, as there are marked differences in, I.e., the type
of plastics and their reusability (ES1). Another finding is that Scania stopped training its employees
on sustainability matters and waste handling. An educational program used to take place for every
new employee within the pedal car line at Scania’s academy. But in order to reduce the time needed
to educate new employees, this training has been cancelled (ES1).

4.3 Systematic View of Current Flow of Parts and Ongoing 4R Activities
Concluding the conducted internal benchmark studies and interviews led with persons in charge
along the value chain within the Scania facilities in Södertälje, a depiction of the current status of
Scania’s flows of products and parts can be seen in Figure 15. The investigated internal value chain
is marked grey, and current 4R activities are marked in blue font.

Figure 15: Systemic view of the current status of the flow of parts at Scania in Södertälje

The Figure shows main parts of Scania’s value chain, from the Sourcing of Materials from
recycled and virgin materials over the Production, Assembly, Dealer to the Customer; and their
respective 4R activities. In the production and assembly operations, Scania started to collect and
partly sort its accumulated waste outside the facility. Most of this waste is not examined for reuse
or remanufacture potential, and instead either sold cheaply to non-Scania recycling facilities or
sent to incineration and landfill. However, metal scrap is sent back to the company’s foundry,
melted and reused in the production, resulting in reduced virgin material needs.
After Scania assembled trucks and buses are quality assessed, they are sent to the dealers.
The dealers take care of the selling to the end customer and issue a service contract, giving Scania
the rights to obtain field data to detect i.e. maintenance necessities and give customers the
opportunity to get assistance in case of breakdowns. This gives Scania the power to track vehicle
in their first lifetime, retrieve them and prepare them in most cases for a second cycle. However,
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the second lifetime of the vehicles usually ends at third parties and eventually in foreign countries
where lower regulations allow further use of the vehicles. Therefore, only a part of Scania’s trucks
and buses are flowing back, and several players (Service Exchange, Used Parts, and Used Vehicle)
are involved in the circular After Sales processes. Chosen damaged parts from Scania’s
commercial vehicles are retrieved from the Service Exchange, which assesses the components for
remanufacturing. Remanufactured parts are sold to the customer, while non-remanufactured ones
are sold to a recycling company. Damaged and Prototype vehicles are retrieved from the
disassembly facility and assessed for reusing potential. Other parts are sold to recycling companies.
Finally, the Used Vehicles business sells used vehicles at the end of life.
In order to conclude on already ongoing 4R activities at Scania, a summary of these
measures is presented in table 3.
Business Unit
Actions
/ Division
Reduce
Environmental Scania reduces its material inputs for its production by i.e.
bringing metal scrap back into the foundry, where it is
Support
melted and reused within the production of new parts.
Inbound
Activities include energy reducing measures such as
exchanging light bulbs with LED lights, or general Lean
Logistics
measures within the facilities to minimize material and
And
energy waste and maximize production and consumption
Operations
efficiency.
Reuse
After Sales
Scania’s Used Parts facility assesses damaged commercial
Scania vehicles from customers, and salvages them for
reusable parts. They are resold to customers for a lower
price compared to new parts and a lower warranty.
Scania’s Used Vehicle business reconditions EOL
vehicles from customer and resells them on their internal
market place.
Remanufacture After Sales
Scania’s Service Exchange remanufactures damaged and
worn parts from EOL commercial vehicles and sells them
to customers for a lower price, with the same warranty as
new parts.
Recycle
After Sales
Scania does not have own recycling facilities. Recycling
And
activities are limited to materials that can be easily
Environmental recycled, i.e. metal scrap sent to Scania’s foundry at
Support
Södertälje and is streamlined back into the loop. Other
materials and parts are sent to third-party recycling
facilities.
Table 3: Ongoing 4R activities at Scania
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4.4 Summary of Current (Problem) State
The empirical findings illustrate a manifestation of Lean Manufacturing within the case company.
In this context, only a few scattered and unorganized 4R-activities throughout Scania’s value chain
were found, with a focus on reduction. The circular practices are not consciously introduced to be
‘circular’, but rather based on conducted business studies over the years to further improve the
company’s economic performance. Secondarily, if at all, comes the improvement of environmental
performance. Nevertheless, the findings within the investigated departments along the value chain
prove progress and potential towards more circular practices within Scania. For this, more
ambitious, structured and coordinated activities are needed.
Initially, the pedal car assembly line should have served as the scope of investigation, on
which the authors started elaborating on circular methods. However, this demonstration line has
not proved useful for the aim of this study, since it is lacking a generalizability to the actual
assembly line. Shifting focus to the actual assembly line, unignorable influences from various
departments along the value chain were observed. This led to the decision to broaden the
investigative scope of the case study and elaborate a CPS from a value chain perspective within
the company.
SPS, as this case study’s production system, is developed according to the Lean philosophy
and is found to have conflict issues with the principles of the CPS. The observations indicate that
bettering environmental performance deriving from Lean measures is barely intended, nor
accounted for in the business case that caused the measures to be introduced. Rather, the benefits
of saving time and gaining money are overlaying any environmental performance consideration.
Nonetheless, Lean initiatives have had and keep having significant environmental benefits. For
example, substantial progress within Scania has been made to minimize CO2-emissions and
energy usage to that extent that the company is striving towards 100% renewable energy at the end
of 2020 (Scania Global, 2019).
Operational and Cultural Lean Environment and its Barriers to Waste Minimization
While this is thanks to Lean initiatives, on the other hand Lean implementation and thinking
can be held responsible for other still existing wasteful operations. Even though the company
claims the intention of establishing a SPS for the purpose of reducing waste and improving the
company’s environmental performance (Scania Global, 2019), it seemed the system has reached a
point where its effect today seems very limited, if not counterproductive from a sustainability
perspective. Lean does not necessarily equal sustainable as economic performance still dominates
environmental aspects within SPS. Faulty parts and materials are scrapped and not questioned nor
inspected for 4R potential, as the production of new parts is cheaper than even considering any
rework activity. Formerly mandatory forms and formalities for scrapping have been discarded,
which systematically enables scrapping. It is undisputed that Lean methods have helped the
manufacturing operations to seize resource reductions (material, energy, waste). The ‘Continuous
Improvement’ striving seems inherited in the employee’s DNA and has had its share on the
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company’s successes in going more ecofriendly, such as in the mentioned Energy and CO2
reductions. However, today’s SPS fundamentally differs to the concept of a CPS and would need
to be adjusted in crucial parts. Although in both systems, ‘waste’ is assuming the leading part, the
difference gets visible in their distinct definitions of ‘waste’ alone. In the Lean sense, waste is
defined as any non-value adding process that needs to be focused on and minimized, while waste
in CPS is considered a resource and seen as ‘food’ for the same or other processes again. Any ‘notfully-used’ resource in CPS as a result of unexploited 4R practices is considered as handled
wastefully, however, anything titled ‘waste’ is still potentially utilized for reusing, recycling,
energy generation, or elsewhere.
Many of the interviewees have heard the concepts of CE and CPS before. However, as
many of them were misperceiving a CPS and were welcoming and interpreting a CPS as an
extension of Lean, as another way of further reducing material usage and costs. Postulating the
need for an ‘extension of Lean’ could already imply that the efficiency and applicability of Lean
has come close to its upper limit. The authors found the Lean principles textbook applied, but still
numerous current wasteful operations in place, at least when looking at it from a sustainability
perspective. The call for Continuous Improvement preaches that there is no such thing as an end
in the process of reducing effort, time, space and cost; but at least there should be a point of arrival
where one has to reconsider and reevaluate the application of Lean given today’s circumstances
(Chapter 1.1). Especially in a company that claims to become leader in sustainable transport
solutions, Lean thinking seems to be approaching retirement in its support for this objective. The
Lean efficiency is experiencing logarithmic growth in its major segments: pursuing market share
with reducing waste and increasing productivity. But for the proclaimed path towards a Circular
Production, the company needs to start considering their environmental performance, so that new
criterions for slimming processes and operations are formulated.
This does not mean an end for Lean Manufacturing, rather it will still be important to pursue
Lean measures to reduce the amount of non-value adding activities and lower the amount of scrap
parts. But instead of a continuous improvement, in the following the focus is put on circular
improvements following the 4R principles. Due the nature of the company’s business, justifying
circular measures can only be made by proving their economic soundness. Thanks to efficient
reduction measures taken on Energy and CO2, the authors identified the biggest combined
(economic and environmental) potential on a product and material level. After all, and in contrary
to the principle reduce, the circles of reuse, remanufacture and recycle seem to have received little
attention in the company’s business. This detection revealed potential for introducing strategies to
exploit these principles, offering significant environmental benefit by maintaining value of the
goods. And ultimately, the potentials found would also support Energy and CO2 saving measures,
but their pursuance has in former times mostly been dependent on tougher policies inured on a
political level and will only be a side benefit in the following analysis. As the theory and the
empirical findings suggest, a CPS must consider economic and environmental factors together, but
that the both do not necessarily exclude each other is shown in the following.
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5. Analysis of Potentials, Enablers and Barriers
In this chapter, the empirical findings and results obtained within the case study at Scania are
analysed and discussed. First, as the assembly represents just one department which underlies
influences from other areas before and after in the industrial value chain, a systematic view of
Scania’s operations is taken to uncover potentials of a CPS in a Lean context. The analysis is
divided into potentials, enablers and barriers found on a System, Process and Product level. The
authors identified the R&D, Design and EOL phase of Scania’s commercial vehicles as essential
for enabling the implementation of 4R practices. Especially the EOL phase is a high potential area
to streamline products and materials back, seizing economic and environmental benefits.

5.1 Potentials of a Circular Production System in a Lean Context
The showcased state-of-the-art and recent development towards more reducing, reusing, recycling,
and remanufacturing activities point out the current initial stage of circular thinking in
manufacturing, deriving from a Lean context. The industry seems to start accepting increasing
responsibility for energy, material and resource use overall. Actors within the manufacturing
industry started introducing practices to reintroduce resources over again, i.e. as shown at
Cummins’ injector and pump line, or as Renault by redesigning the supply chain so that products
and components can be reused or refurbished. At Scania, the encountered resource-saving
initiatives follow to a large extent the current linear model by reducing the outputs, strengthened
by the Lean Manufacturing approach emphasizing the reduction of waste. Here, the environmental
aspect is paid little attention to, but economic gains by reducing non-value adding processes enjoy
priority. The same profit-oriented paradigm will sustain, despite the company’s commissioning of
this study and its declaration of intent for implementing a Circular Production, making their
operations and facilities ‘environmentally friendly’.
After transcribing and analyzing the conducted interviews and observational studies, the
obtained qualitative data has been coded. Due to the inductive nature of this thesis, themes were
searched and defined by examining these codes in a bottom-up approach. By mapping the
relationships between those themes, potentials, enablers and barriers for closed-loop material and
products flows were best assignable into the three following levels (Figure 16):
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Figure 16: Implementing CPS in a Lean context at Scania

As elucidated by Zhijun and Nailing (2007), practical implementation of circular systems
follows vertical streamlines from the micro to the macro level. Although their research addresses
moving upstream from enterprises over industrial parks to regional areas, this research follows a
vertical path to follow upon for the implementation of circular systems within Lean manufacturing
enterprises: Moving and setting parameters from a Systems over a Process to a Product level, each
of them and their respective potentials interrelated and interdependent with the other. I.e.,
introducing new business models such as ‘Product as Service’ on a system’s level consequently
affects operations on a product level. For facilitating recovery repeatedly and achieving a closedloop product, its design stage is pivotal, as suggested in the cradle-to-cradle (McDonough, 2005)
framework (Chapter 2.3.1). The cradle-to-cradle concept goes even beyond this, suggesting the
sourcing of renewable energy and local materials, as well as the consumption of one organization’s
waste by another. In such an industrial ecology, the waste of one system is regarded as food for
another. This requires not just the collection and recovery of products after their use but calls for
a big-scale collaboration among industries. As found today, the industry is far from realizing such
a system. To begin, every actor within the industry needs to do its homework to enable the recovery
of the product value, and its own internal environmentally friendly operations. Here, re-evaluating
operations on a process level and developing waste and data infrastructure would lead to the
accountability of waste, and countermeasures against waste accumulation and for more reusage or
remanufacturing can be introduced. While circular measures display a potential alternative to the
implemented linear production system at Scania, it is difficult to change an entire production
system at a time. On the other hand, changing or expanding the notion of ‘waste’ within Lean,
from process waste to actual waste being accumulated within a company, could be a lever to better
the environmental performance of Scania. By e.g. changing the notion of waste into resources and
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by introducing a waste as a resource model, that would minimize waste production could be
minimized and costs cut in parallel. As Korhonen et al. (2018) state, the notion of waste has a great
effect on how it is handled and managed. Just as discussed in Chapter 2.5, Lean as a philosophy
has already been adapted i.e. by jointly introducing Six Sigma and Lean to improve creativity and
innovation while parallelly minimizing costs.
5.1.1 System Level: ‘Product as Service’ Business Model
On a system’s level, there needs to be an efficient and structured system in place that can guarantee
the circular flow of materials and goods and helps eliminating the current linear streams of waste.
5.1.1.1 Potential #1: Value Capture with Closed-Loop Products by Maintaining Product Ownership

As a manager of SPS stated, the “biggest and closest to realize” potential of a CPS for Scania is to
take more responsibility for their products in the End-of-Life phase (P&L7). Discussed in an
interview with a researcher in the field of Circular Manufacturing, this is the best circular strategy
for the OEMs (Acd2). This said, the current biggest hindrance for the implementation of circular
practices at Scania is the missing business model and infrastructure in place, which would support
systemic measures to keep the ownership of the products (AS1) and help turn a linear system
circular (Bocken et al., 2016). In a ‘Product as Service Model’ the organization continues to own
the product, instead of selling goods. Applied to Scania, such a model would change the sales of
its commercial vehicles as physichelpal goods but instead leasing or renting them to the customers,
assuring the ownership of the product. With this, it can assure the reflow of its products back into
its own service facilities after the products lifecycle. This gives the OEM full control over the
product, enabling 4R measures to be deployed by taking care of the products in the next stage
(P&L7, IT1) (Figure 17).

Figure 17: ‘Product as Service’ business model

Where reusing and remanufacturing of products are considered the most viable option for
resource conservation (ReSCoM Chapter 2.2), recycling is the last step for materials and products
(Ext.5, Saidani et al., 2018). Although the company achieved more than 90% recyclability of its
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products’ materials, it is considered economically and environmentally “low value recycling”
(P&L7). Instead, already today the company has profitable EOL treatments in place (Chapter
4.2.3.7). Reusing or remanufacturing parts leads to current sales prices of up to 50% of the new
parts’ price. The lucrativeness of the current After Sales treatments means a leverage for
introducing more coordinated and organized EOL treatments. While this finding coincides with
Saidani et al. (2018), that remanufacturing is a preferred option for the EOL HROR vehicles due
to their economic value, the HDOR industry, at least in Scania’s case, is not an exception to
scrapping still valuable parts due to missing human resources for quality checks or time constraints
from employees.
Once on the road, the vehicles become “money machines” via service maintenance, part
replacement etc. Hence, the company owns most of its profits in the aftermarket via service and
should, therefore “do more [remanufacturing] exchange during [the products] lifetime” (AS1).
Today, the current After Sales business structure is separated between facilities that are either in
charge of remanufactured parts or reused parts sales, without any collaboration among them
(Chapter 4.2.3.7). For example, when parts are found to be non-reusable they are recycled or
scrapped but could potentially be remanufactured through Service Exchange. As a manager of SPS
put it, "why are [Scania] not doing this everywhere?" (P&L7). After remanufacturing, those parts
could be sold for a better price than reusable parts, which would lead to better margins for Scania
as well as a higher remanufacturing ratio. This model is inefficient, and remanufacturing and
reusing are still seen as “cannibalizing the sales of new parts” (AS2). The sales of new parts are
the preferred option for the company and industry as a whole but strengthening and expanding the
business for used and remanufactured parts and vehicles harbour economic as well as
environmental benefits.
5.1.1.2 Potential #2: Exploiting Third-Parties’ Business with (Pre-emptive) 4R-Activities of Closed-Loop
Products

Not just does the Closed-Loop Product approach allows the capture of value for the OEMs, it also
restricts third-party competition. Currently, during the second, third and subsequent lifetimes, the
products do not find their ways back but stream into workshops not owned by the OEM (AS1).
The third-party business is opaque, and no OEM really knows about how much and how often its
product is being remanufactured in other markets (Acd2). Having such information could be
insightful for any company. Say, a product is getting remanufactured for three times in Eastern
Europe, this displays economic potential that the OEM, which is not taking care of the
remanufacturing activities itself, is currently missing out on. The amount of parts not retrieved and
remanufactured is otherwise bought cheaply from other markets and other parties. This could open
up new business segments for a company (Bocken et al., 2016).
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Enabler: Integration of Physical and Digital Infrastructure: Establishing Reverse Logistics by
IoT fed with Field Data to Monitor and Collect Products
A global production manager at Scania sees disassembly activities on the rise over the next years,
especially with the development of heavy electric vehicles carrying "a pot of gold" on their back
(P&L7). He also refers to an internal study evincing 60% of all parts could potentially be kept over
for the next generations, reinforcing the call for more disassembly and assembly activities in the
EOL phase. However, after refurbishing the reanimated trucks with remanufactured parts for a
second life, the trucks oftentimes get exported to developing countries that do not have the means
to reanimate the vehicle for a third life and to continue the loop (Saidani et al., 2018, Acd2, P&L7).
"First it is used in Western or Northern Europe, then Eastern Europe, and then, I don't know, maybe
Russia or Africa or somewhere." (P&L7). The findings support the study by Saidani et al. (2018),
stating the businesses’ focus on remanufacturing rather than recycling, but raising the issue that
few second-hand heavy vehicles are currently finding their way back for recovery. As Diener and
Tillman’s study (2016) estimated, 50% of trucks were to be exported after five years of domestic
use in Sweden, there is still a large room for improvement.
Consequently, in order to be able to seize 4R measures, at first the company needs to seek
that the products are coming back. For this, the right digital and physical infrastructure to collect
the trucks needs to be in place (ES2). This is enabled with Reverse Logistics (Acd2, IT1), closely
related to the company’s business model and pivotal for a “Product as Service”. Reverse Logistics
is referring to the process of returning goods from their end consumer to the manufacturer for the
purpose of capturing value or proper disposal (Hawks, 2006, Acd2), which allows the monitoring
of the product in real time.
Today, the case study’s company is already collecting real time data of over 360,000
connected vehicles (Scania Global, 2019). The collected data about critical parts is then giving
information about the condition of the part, its performance and expected lifetime as well as the
usage of the product by the customer (P&L7). Such a monitoring could also be informative about
the truck’s maintenance history, assuring the genuineness of Scania parts through monitored inhouse service to be able to resell original parts to their customers (Used parts division). This could
enable the logistics department of a company to predict how many exchange parts need to be
available at which location, at what time (Acd2). Reverse Logistics can optimize the service
capabilities of a company, and the product’s reliability can be increased for the benefit of the
manufacturer as well as the customer. With the current business model, after the service contract
with the customer expires, the potential to source field data from the product ends as well. With a
‘product as service’ model, the product as well as data ownership stays with the manufacturer. It
allows the company maintenance predictability and troubleshooting methods for vehicles on the
road (Ext.4, IT1). This field data can be used, but its full potential is not yet seized within the
company (IT1). Field-data from trucks offer opportunities for improving the product's quality by
studying the usage behaviour. Also, data is then available about the disassembled parts entering

50

Scania service facilities and could be analysed on the lifetime behaviour and resold if still
sufficiently functional or, if not, selectively reworked on.
In the light of the fact that products are increasingly influenced by collecting data and
contain software, the importance of the IT department will rise within industrial company’s value
chains. Moreover, data is increasingly seen as a resource that directly adds value to a product (The
Economist, 2017). Instead of placing the IT department as a support activity as part of the R&D,
it might become a primary activity that directly generates value in a product. Once new business
models such as ‘Product as Service’ are introduced to enable CPS, the importance of the IT
department will rise due to the fact that software enables the service and could give customers
upgrades while using the service.
As already existing to minor nature at the Service Exchange and disassembly facility,
establishing a physical Collection Centre but with the authorization over the collection and
decision of all 4R-activities would be expedient. A more efficient EOL channel to handle heavy
vehicles supports the study by Saidani et al. (2018), and could oversee collecting, sorting and
identifying the potential of retrieved parts to then direct the products towards the right facility that
subsequently takes care of either reusing, remanufacturing, or recycling. The decision for one of
the R-activities must be done after the current evaluation of an economic and operative feasibility.
Enabler: Acquiring Disassembly and 4R-Process Competences
With a ‘Product as Service’ model, after retrieving the products back into the facilities, the
company needs to acquire new competences to enable 4R practices inhouse. The 4R strategy has
proved itself as a viable approach to map Scania’s current ‘circular’ measures and for identifying
4R potentials within the company. These 4R’s can later be extended to 6R or 9R as indicated in
Chapter 2.6 but would currently add unnecessary complexity.
As the head of global production put it, the company “needs to learn about disassembly,
because […] the biggest change in circular production is this disassembly” (P&L7). To be able to
have a closed loop back into the production, the truck needs to be dismantled in the first place and
the suitable used parts sold within the Scania Service (P&L7). Not only the disassembly, but also
the subsequent process knowledge about recycling, remanufacturing and reusing is important. The
company is “so good at producing new parts, it goes cheaper with [producing new parts] than
remanufacturing [them] (P&L7). To scrutinize this established truth and to balance the costs of
rework in the EOL, the company must gain the process knowledge about the rework activities. If
well organized, the concept of Product as Service can unfold its potential and seize the residual
value of current ‘waste’.
In the foresight of entering an electric world, vehicle companies aim to seize the high value
in the batteries of Battery-Electric Vehicles (BEV). Hence, companies “will disassemble more in
the future” when trucks are “carrying a pot of gold around” (P&L7), with several different valuable
materials (R&D2). Then, the high value of batteries stays up after first use phases and is tried to
be seized after. Questions arise around if it is possible to upgrade or just recycle the Copper,
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Platinum from catalysts and generally the battery cell’s material (R&D2, P&L7). Therefore,
process knowledge is needed that help finding answers to these questions. Today, even though the
company claims to be already more than 90% recyclable, it does not receive any of the material
back, so that other companies make money with the materials and produced goods. All this
displays potential that “[companies] are losing when not remanufactured” (Acd2).
In order to introduce a remanufacturing line, automotive companies must obtain
capabilities spanning from the entire disassembly of vehicles, to adequately sort and evaluate the
feasibility of parts for remanufacturing. Therefore, the quality department must be involved in
these activities. If parts do not belong to the actual automotive company but to suppliers, close
supplier relationships are needed to enable the exploitation of 4R potentials.
Barrier: Lack of Control over Design and Value Chain
One of the major constraints that comes into play is the external influence that OEMs are exposed
to from their suppliers. When owning the design of the product as well as the business model, the
decision about becoming more circular or not lays in the hands of the company (Acd2). According
to a sustainability consultant from a major Swedish consultant company, most manufacturing
companies today have “big potential for circular practices, especially [when] controlling the whole
value chain” (Ext.5). However, it gets usually more complicated the more complex a
manufacturer’s product is. Larger manufacturing companies may have to source many different
materials and parts from different sources for producing their products. Hence, the suppliers need
to be included (IT1, P&L7). Emerging networks among businesses, such as Renault is working to
entrench (Chapter 4.1.1), to incorporate activities such as remanufacturing are of vital importance
for CE, facilitating the establishment of overarching resource conservative business models
through new partnerships (Lieder and Rashid, 2016).
On the other hand, the large manufacturer usually possesses the purchasing power to set
demands about materials and processes on the supplier. Apart from sourcing solely new parts from
the supplier, a large manufacturer can also demand the purchase of remanufactured and new parts.
The relation with the supplier would not change, just the circularity of the products purchased.
Hence, there is the chance for a top-down sustainability approach along the supply chain. In order
to allow a closed loop product with renewable materials and reusable products, the right relation
with the supplier is key (IL1). The communication between the OEM’s purchase division and the
supplier is setting the course for the ability to perform EOL activities on the products. By setting
demands on materials and components, suppliers can be pressured to align to the company’s
specifications (ES2), enabling the economic and environmental value capture of the products by
creating new business opportunities.
Most of the companies rely on other companies within the business, but also do most of
them have big potential for circular practices, “especially if you have the possibility to control the
whole value chain” (Ext.5). When owning the design, the company could also assure the process
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knowledge feedback from EOL operations back into the early development and design phase of
the product.
Enabler: Introducing Metrics to Measure Circularity Performance of Products through
Sustainable KPIs
There remain open questions, however. How does a company assure progress in circularity? How
to measure progress in functionality, performance and longevity? How to account for the value
that is captured in the closed-loop product flows? How to account the amount of parts that get
recycled, remanufactured, reused? To pursue environmental concerns in the design phase already,
“we [Scania] should have sustainable KPIs but we do not have them” (R&D2). To be able to
answer such questions, the definition of sensible KPIs, the sourcing of valid Data and maintaining
data in a capable IT infrastructure is decisive. The case company’s R&D department has a system
in place that maintains data about the parts, among it the parts’ functions and technical material
specifications. But there are yet specifications to be introduced to trace the materials’ circularity
and environmental impact. Such measurement would enable a continuous development cycle
enhancing circularity of products and parts and the degree of implementation of CPS within
automotive companies through constant targeting of potentials. This leads in the ideal case to
improved circularity results through countermeasures when conducting measurements in the next
loop (Figure 18).

Figure 18: Continuous development cycle through sustainable KPIs

As such sustainable KPIs are neither defined nor implemented within Scania, they display
an obstacle in the development of CPS in companies. Zhijun & Nailing (2007) discussed reduction,
reuse and resource indicators, such as reduction ratio of material, energy and water consumption
per 10,000 output value. However, the reducing paradigm was paramount again, more similar to
Lean than to getting more circular. Therefore, possible KPIs have been discussed within the
conducted interviews. A “low-hanging fruit” would be the maintenance of data about material
recyclability, to understand how much is getting recycled and how much recycled material is being
used (R&D2, BD1). But once such function in the system is in place, it can take years to gather
such data from the suppliers. Nevertheless, it could be signaling progress in the right direction
(R&D2). A more ambitious goal could be measuring the share of products that circulate (are
repaired, refurbished, upgraded) through the introduced ‘Product as Service’ model (Ext.5), and
the amount of waste to landfill. Remanufacturing intensity, i.e., can be defined as the ratio of the
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amount of remanufactured parts to total amount of all parts sold. The IT Infrastructure needs to
seek out for the integration of a suitable Application Programming Interface (API), to be able to
return data on a web-based platform for everyone concerned with the KPIs (R&D2).
A summary of proposed strategic KPIs to track a company’s circularity on a part level is
set out below:
KPI
Name
Formula
#1 Part
circularity 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 𝑃𝑎𝑟𝑡𝑠 − 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 𝑃𝑎𝑟𝑡𝑠 𝑆𝑐𝑟𝑎𝑝𝑝𝑒𝑑
𝑇𝑜𝑡𝑎𝑙 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑃𝑎𝑟𝑡𝑠 𝑆𝑜𝑙𝑑
[%]
Part
Remanufacturing
Intensity [%]
Part
Reusing
Intensity [%]

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑅𝑒𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑒𝑑 𝑃𝑎𝑟𝑡𝑠
𝑇𝑜𝑡𝑎𝑙 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑃𝑎𝑟𝑡𝑠 𝑆𝑜𝑙𝑑

#4

Part
Recycling
Intensity [%]

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑃𝑎𝑟𝑡𝑠 𝑅𝑒𝑐𝑦𝑐𝑙𝑒𝑑
𝑇𝑜𝑡𝑎𝑙 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑃𝑎𝑟𝑡𝑠 𝑆𝑜𝑙𝑑

#5

Remanuf. Value
Capture [€]

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑅𝑒𝑚𝑎𝑛𝑢𝑓. 𝑃𝑎𝑟𝑡𝑠 ∗ (𝑆𝑎𝑙𝑒𝑠 𝑜𝑓 𝑅𝑒𝑚𝑎𝑛𝑢𝑓. 𝑃𝑎𝑟𝑡𝑠
− 𝐶𝑜𝑠𝑡𝑠 𝑖𝑛𝑐𝑙. 𝐿𝑜𝑔𝑖𝑠𝑡𝑖𝑐𝑠)

#6

Reusing
Value
Capture [€]
Recycled Material
Content [%]

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑅𝑒𝑢𝑠𝑒𝑑 𝑃𝑎𝑟𝑡𝑠 ∗ (𝑆𝑎𝑙𝑒𝑠 𝑜𝑓 𝑅𝑒𝑢𝑠𝑒𝑑 𝑃𝑎𝑟𝑡𝑠
− 𝐶𝑜𝑠𝑡𝑠 𝑖𝑛𝑐𝑙. 𝐿𝑜𝑔𝑖𝑠𝑡𝑖𝑐𝑠)

#2

#3

#7

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑅𝑒𝑢𝑠𝑒𝑑 𝑃𝑎𝑟𝑡𝑠
𝑇𝑜𝑡𝑎𝑙 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑃𝑎𝑟𝑡𝑠 𝑆𝑜𝑙𝑑

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑅𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑓𝑜𝑟 𝑛𝑒𝑤 𝑃𝑟𝑜𝑑𝑢𝑐𝑡
𝑇𝑜𝑡𝑎𝑙 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐶𝑜𝑛𝑡𝑒𝑛𝑡

Table 4: Proposed KPIs for measuring circularity on a part level

5.1.2 Process Level: Seizing Circular Potential in a Lean Context
The current SPS focus is laid on the manufacturing of products with as little effort as possible,
leading to a constant reduction of costs and time (P&L6, R&D1). This is driven by economic
saving potentials and directs operational attention on reduction, leaving the other three Rs to a big
extent unconsidered (Acd1), or as one Production Manager put it: it is “rendering remanufacturing
and reusing impossible” (P&L1). The Lean approach leaves still potential and many barriers for
an efficient and structured circular system that guarantees closed-loop flows of materials and
goods. As seen at Cummins, its Lean approach on the injector and pump lines reduced process
variations and improved capabilities and process stability, while meanwhile re-introducing its parts
into the loop (Chiarini, 2013). At Scania, the biggest and most realistic potentials found of circular
flows for reducing waste and improving environmental performances in a Lean Manufacturing
context are presented in the following:
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5.1.2.1 Potential #1: Seizing Savings and Reutilization Potentials through Lean and Circular Measures

All internal departments are concerned with reduction measures of current wasteful processes.
Nevertheless, the witnessing of big amounts of waste throughout the examination of internal
workflows and processes was thought-provoking in this regard. Waste generated throughout the
departments from faulty components from the (test) assembly lines over assistive equipment found
disposed in the recycling bins to the disposal of the used product are not determined. Questions
arose about the actual Lean status of the company. Considered faulty after eyeballing at the test
assembly line, parts are scrapped without further inspection or expert quality assessment for
reusability or re-manufacturability (P&L1; IL1). As the responsible of the Inbound Logistics
department states, “it is insane to scrap those parts” (IL1). Serial parts from the physical tests are
‘sometimes sent back’ if needed for other prototype vehicles or ‘sometimes sent to […] a local
dealer that can reuse parts’ (P&L4). In contrast, the faulty parts coming from the test assembly
lines are getting scrapped without further questioning, ‘nothing is done with them’ (IL1). This is
also the case for the physical prototype tests, where so called “zero-parts” (in contrast to series
parts) are used for the tests and then going directly for scrap. While the company is ‘good in finding
deviations, [it is] not [in] handling deviations’ (IL1). Many departments along the production
facilities proceeded similarly, and documentation and reasoning about the scrap parts was nowhere
necessary, which is another reason for thoughtless wasting of material.
To uncover wasteful operations and improve them sustainably, a re-evaluation of the
current processes is necessary. Without any tracking, documentation and evaluation in place, the
modus operandi will remain unchanged. When asked about the sensibility of the wasteful customs,
the respondents referred to deadlocked and long running processes; that decisions on why things
are done in a certain way can date back a long time (P&L4, P&L5). Such decisions are always
made based on the balance of economic soundness and invested effort and will keep driving the
implementation of measures. But those that have previously been proven as economically unsound
could today be not only of environmental, but also of economic relevance for the company.
Enabler: Waste as Resource Model to foster Closed-Loops within the Company
The quantity and quality of what was considered faulty and waste could be saved by reusing them
elsewhere. From the assembly to the logistics to the aftersales, internal experts questioned the
current customs and why there was no such thing as a reuse for the current scrap parts (IL1, P&L4,
P&L6, P&L8). This could help Scania to “save money. Also, it’s better for the environment” (IL1),
which proves the order of priority again; economic over environmental benefit. But the scrap does
not only include faulty parts, but also tools and production equipment that could be reused, and
costs reduced (P&L6). Here the idea of an IT Project Engineer about a buy-and-sell market
suggests itself again (P&L8). This exchange and reuse of by-products between manufacturing
processes comes close to the idea of a symbiosis through the creation of closed loop processes of
materials (Chapter 2.3.3, Bocken et al., 2016).
Additionally, other employees out of different divisions see further potential in checking
materials and parts that are already put into recycling containers for reusing and remanufacturing
55

potential (P&L2, ES1). To find out if a deviation is really a deviation, and if a ‘faulty’ part is
actually not meeting quality requirements, consultation from quality departments can be useful
about the parts’ condition (P&L2, IT1, IL1). While faulty parts coming from a supplier are costreported and sent to the supplier, there is no such system on in-house parts (IL1). In-house parts
could be sent to the aftermarket for remanufacturing or reusing these parts. Introducing a quality
control station could help evaluating how much of what might currently land in incineration
containers is ‘still reusable or recyclable’ (ES1). This can help capturing economic value of
reworked parts and decrease environmental harm by circulating parts internally. The external
benchmark at Cummins proved a good example of an efficient and successfully implemented
circular flow of ‘waste’ from production processes (Chapter 4.1.1).
Such a Waste as Resource model comes closest to the cradle-to-cradle concept (explained
in Chapter 2.3.1). If the system allows the collection and recovery of residual value of what is
currently titled ‘waste’ for one process, it can be turned into a useable part again for another
process. Over the long run, this can create an internal market for waste among all divisions.
Enabler: Identifying, Evaluating and Quantifying current Waste and Environmental Impacts
As today many are not aware of the consequences of processes and working methods. To define
countermeasures, visualizations showing the amount of (toxic) waste accumulated, energy used,
or CO2 emitted (P&L5, BD1) are necessary. Much interest was expressed by interviewees along
Scania’s value chain regarding a visual tool, again rather due the economic than environmental
perspective: Making people aware of how much money the company is losing through current
wastage and by not exploiting 4R potentials (BD1, IL1, R&D1, P&L7). In the conventional
wisdom, environmental performance can only follow from seizing economic benefits meanwhile.
But in order to be able to calculate economic savings, the company must understand when, where,
how much and which kinds of waste are accumulated. But proper data quantification of
accumulated waste per department and process is missing. Today, there is no good system in place
to answer these questions (IT1). Waste accumulation is so far broken down to specific buildings
at the end of the month, if needed to departments but this is already increasing the effort
significantly due the use of different templates and Excel sheets per location (ES1).
To drive this pursuit in the right direction, at first a desired state with environmental KPIs
needs to be defined to know what to measure. Consequently, big consumers within the operations
can be identified and activities introduced to lower waste production. Such KPIs are in place for
energy consumption measurements, but they vary depending on each department (IT1). With a
common IT Architecture, data lake and Tracking format, such a more standardized way of
measuring KPIs could lead to a “machine feeding itself”, in which constant improvements are
achieved (P&L7). This procedure would lead to constant questioning of current process steps not
just on a macro, but also on a micro level (P&L8). By this, smaller material wastes in each process
step can be re-evaluated from the beginning of the value chain. Because even though it might not
display a big potential when looking at one case, but even the ‘micro-waste will add up’ over a
longer period of time (P&L8, IT1).
56

Enabler: Education about Circular Methods and Waste Management
As repeatedly as the CPS was presented to the interviewees were the ideas of Lean and Circular
Production confused. Even though CPS was most often met with great interest and employees
showed a positive attitude, it is firstly associated with further reduction of waste and costs, more
like an extension to Lean Manufacturing (MB). “Poka Yoke, Lean, Kaizen: this is all part of
circular thinking” (BD1). Asked about implementation of Circular production on process levels in
manufacturing, most interviewees doubted the feasibility due to economic losses. A way to counter
this confusion could be a gradual introduction of the employees to Circular Methods and the
vocabulary that comes with it (BD1).
The collected quantity of waste could also raise awareness of the extent of wastage, and be
another method to help the employees rethink the current status and overcome the mentality of
“we have always done it like that, why shall we change the procedure?” (ES2, ES3). Additionally,
education workshops about waste management can teach how to properly sort waste in bins closest
to the employees’ working area. This presumes the installation of such recycling bins in the first
place. Today, stations are installed scarcely, or waste is not properly sorted due to time constraints
causing more material being sent to incineration (ES1, ES2, ES3). This is also due products
containing different kinds of materials, which makes sorting and recycling more difficult (IL1).
Proper waste management at recycling stations could help the company to tap more 4R potential
(ES1, ES2, ES3).
Today, Prototypes of trucks and buses are physically assembled with many unique
prototype parts at Scania’s preassembly department, before launching commercial vehicles in the
series production. These parts are due its uniqueness not reusable and scrapped, especially as
constant corrections of the parts are undertaken by the Design department to ensure smooth
assembly processes (P&L4). Digital Tests are a mean to reduce physical test assemblies to its
minimum and with it the usage of materials, the accumulation of waste and emission of CO2,
which in turn also results in major economic savings (P&L4; P&L6). However, this is a balancing
act as the quality of Scania’s products still needs to be guaranteed by physical tests (P&L6).
Digitalization of instructions or other current paperwork is another saving potential adding to the
environmental performance (P&L6).
A supporting technology for digital tests is Virtual Reality (VR). Not only replacing
physical tests to reduce material and save costs and time (P&L6), the technology can also help
planning line layouts within production facilities to enhance efficiency (P&L1). Another way
(introduced at the benchmark study of Cummins in Chapter 4.1.1) to increase efficiency of
processes and material usage is enabled by RFID technology. Storing information of parts and
processes, it allows for traceability and troubleshooting methods (Ext.4).
Barrier: Lack and Validity of Data
A hindrance for the mentioned enablers of visualisation, tracking and measuring are the currently
missing data infrastructure and the difficulty to ensure the validity of data. A common database,
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sourcing consumption data about energy, waste and CO2 from all departments, is yet to be
established within the company (IT1). Many departments follow peculiar data formats, and
oftentimes excel sheets are still in place for tracking the kind and amount of waste. Others are yet
using software to maintain their data. This increases the risk of errors, so “the validity of such data
cannot be fully trusted” (IT1). Moreover, contracted waste dealers send information sometimes
with a delay of up to two months, hindering any attempt to track waste in real-time. Getting the
right kind of data in the right format is still a struggle, but crucial for the process level (ES2).
Barrier: Conflict Issues of Lean and 3R Practices (Reuse, Remanufacture, Recycle)
Lean Manufacturing, as the dominating industrial manufacturing approach, is also implemented in
the investigated company’s production System SPS. As much as it was an enabler for waste, cost
and time reduction measures in the past, to the same extent it is a barrier for extending 4R
principles into the operations. The increase in efficiency and reduction of resources have several
implications and hindrances for circular practices. I.e., employees do not have the time to sort
waste in respective bins, as the tact time in the assembly line would simply not allow (ES1). The
confined spaces as a result of ‘Lean’ measures do not allow recycling bins at the assembly lines in
the first place. Another example is the scrapping of parts from the pre-assembly department, as a
quality investigation would bind too many resources such as human capital and space (P&L4). The
implementation of SPS also led to employees deployed and concentrated to further improve
assembly processes, but solely about efficiency and not sustainability in a sense of decreasing
environmental harm (P&L6). The introduction of routines that support sourcing back valuable
utensils into the loop is needed.
In the encountered Lean SPS, economic perspectives are focused on while environmental
aspects are left behind. While it is true that SPS ensures the efficient use of resources, the scrapping
of parts with minor optic faults speak a different language. The Lean paradigm stipulates measures
for the sake of minimizing waste and cost but sets other wasteful practices in force that are acted
without due consideration. Optimizing assembly processes and reducing non-value adding
workflows are achieved at the cost of actual material ‘waste’. Such observations stay in contrast
to scientific literature about Lean, that claim that also actual waste reduction is an aim of Lean
(Chiarini, 2013; Davim, 2018). While Lean reduces material and energy usage relatively i.e. per
truck or bus, it might not decrease it in absolute terms once production output is rising. Scania’s
environmental indicators are mainly focusing on relative terms, such as energy consumption per
vehicle, but absolutely, this figure is rising, as Scania produced a record number of 100,000 trucks
in 2018, an increase of around 20% compared to 2016 (Scania Global, 2019). To reevaluate
processes in which economic as well as environmental potential can be seized, more human as
well as spatial resources need to be allocated (ES2).
Implementing a new production system does not only need the physical circular flows of
goods, but also employees helping to enable such a system. While interviewing persons in charge
of the current processes, the authors identified a missing awareness of the potential of what is
currently classified as ‘waste’. The stigmatization of waste results in employees scrapping
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materials, and customers that are not willing to accept i.e. remanufactured parts and components
in their products, even though they might have the same quality as new parts (AS1, Acd1). As two
employees from the environmental support put it, “we [humans] see [waste] as dirty, but not as a
resource” (ES2, ES3).
Barrier: Lack of Communication, Collaboration and Standardization
In order to effectively enable environmental improvements within Scania, standardized processes
need to be introduced in the first place. Currently, departments are assessing measures for
economic and environmental potential separately and follow a non-organized bottom-up approach.
The resulting “islands of improvement” are not following any strategic deployment, which would
be crucial for the success of a CPS (P&L7). Moreover, Scania’s production facilities are placed in
different countries and have a different facility layout. Even though the same trucks and buses are
assembled, processes and sequences deviate from the master’s sequence created by Scania, which
all facilities should follow (P&L6). This hinders an effective top-down approach in which
environmental improvements can be parallelly implemented in all locations.
This is a problem, that generally occurs within companies. The lack of effective
communication and collaboration between affected departments hinder change. Often, department
are only concerned with their own areas of responsibility (P&L6). Moreover, the used parts
division and Service Exchange do not communicate with each other, which results in major 4R
potentials missed. While both units follow different business models, they could still profit from
each other. If a stronger collaboration between departments comes into operation from an early
stage onwards, ways for better Design, optimized packaging and solutions for the after-market
section can be seized (AS1, P&L6, R&D1)
5.1.3 Product Level: Design Focus on Functionality and Longevity
Today, a company’s profit margin is built on the difference of the product’s market price and its
preceding manufacturing as well as distribution costs. Hence the current business pursuit consists
of two main pillars: Increase the sales of new parts and reduce their production and distribution
costs. Due this, the common Design approach is heavily focused on facilitating a cheap and
efficient production with high output. However, goals such as reducing material costs and
environmental impact is still far from circular (Acd1). The disregard of the products’ lifecycle
results in complicated value recovery in their EOL phases, and often results in product disposal.
In contrast, the aspiration of a Circular Production is to uphold the function and performance of a
product for as many lifecycles as possible. McDonough and Braungart coined the phrase
‘monstrous hybrids’ for products that are oftentimes containing inseparable materials, rendering
4R activities impossible and force to scrap the products (McDonough, 2005, Bocken et al., 2016).
Hence, designing the product in a way that enables EOL treatments and the longest possible
circulation of its material again without losing any of its natural resources is the focus of the
following Product-Level potential.
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5.1.3.1 Potential #1: Functionality, Performance, and Longevity of a Product as a Source of Value Creation

In the presented ‘Product as Service’ Model, products become part of a company’s assets. This
drives the company towards measures helping to preserve the value of these assets at the highest
level for the longest time. Higher product durability, longevity; reusability; re-manufacturability;
and recyclability are then targeted, to prolong product lifetimes and product recovery into more
and longer lifecycles. Hence, the change of business model from product to service comes
inevitably with the strive towards changes in design options (Acd1). The more lifecycles of a
product realized, the more value kept and the lower the environmental impact by reducing the
sourcing of raw materials and with it avoiding its extraction, processing and transport. This leads
to Value Capture; Material, CO2, and Energy savings and demands adaptations in design to
consider the applicability of the 4R-activities after the products’ use. These measures conform with
the emphasis by Zhjiun and Nailing (2007) on minimizing the adverse effects deriving from
product lifetimes such as extraction and disposal. Seizing the potential of the ‘Product as Service’
model through a suitable design, assuring continuous and safe recovery of products into new
materials or products, is supporting the study by Bocken et al. (2007). As in the study, emphasis
needs to be on the maintenance of value through the recycling activity. Value needs to be kept
high, a ‘downcycling’ into products requiring lower properties does not allow a cyclical flow of
goods, instead only delays the linear flow of resources from production to waste ending up in sole
energy recovery from waste (Bocken et al., 2007).
To take an example; when offering customers vehicles including ten years of mobility plus
service and repair option, a company is more interested in facilitating the service and repairability
of the vehicles once in use by the customer, and the reuse of the vehicle after the ten years. To
make this happen, the crucial enabler is the Design that sets the right parameters so that the part is
robust enough to sustain ten years and more, good enough to allow remanufacturing, and capable
of functioning throughout several lifetimes (Acd2). Therefore feeding knowledge gained from
remanufacturing activities, such as the material that the product contains and what it implies for
the end of life treatments as well as how the disassembly and recycling is handled, back into the
very design stage of product development is crucial to interpret, adapt, reach and maintain multiple
usage phases of products and components (Lieder and Rashid, 2016).
Enabler and Barrier: Balancing the Design Approach between different Needs (DfM, DfE, DfL)
The company must analyse and balance which design approach fits best for their goals. Reevaluating the design approach, with its influences on the production; the use phase; and EOL
treatments, could support the ‘Product as Service’ strategy and enable long lifecycles of products
with equal performance (R&D2). This said, Product Designers today are concerned with several
different needs postulated from different areas of the company, among others Desirability,
Feasibility, and Longevity. The design is focusing on feasibility to develop and assembly the
vehicle within a certain cost, time and quality frame, postulated from the Production and
Development areas. Also, design needs to guarantee the desirability of the product postulated from
the Market Research, assuring the appeal and bearable costs for the customer. In the future, in
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order to be able to promote circularity and the product-as-service model the Design will also have
to find solutions to enable 4R activities for the After Market.
As a pioneer of developing trucks based upon a modular philosophy, Scania is exceling its
current ‘Design for Modularity’ (DfM). Following this approach, it allowed the company to
minimize assembly times and costs while offering customized product solutions. While this design
approach proved to be highly advantageous for the production operations in terms of mountability,
economical production, and component complexity, DfM shows limitations when looking at its
EOL practicality. While the Production departments ask for an easily mountable module, it would
take the Service several days repairing even a smaller part within some of the modules (R&D1).
If time and cost does not reason repairing, the whole module is scrapped and instead chosen to
install a new part, resulting in a higher price for the customer and the environment. An interviewed
R&D method engineer was aware of the wasteful handling but justified DfM with fewer spare
parts, asking if the company “shall have 600 spare parts laying on our shelves” when using a
different design approach (R&D1).
The modular design today follows a ‘from the inside to the outside’ assembly practice
(P&L6), logically following the vehicle’s sequence of assembly. DfM allows for easy assembly
and hence supports the disassembly in the EOL, containing “potential when it comes to facilitating
the realization of closed loop product systems” as a ReSCoM study stated (ReSCoM, 2016). But
as this study suggests, this is only true to some extent: DfM comes inevitably at the expense of the
environment and does not contribute to a prolonged product lifecycle (Acd1, BD1). Reducing the
number of spare parts in its workshops, consequently, larger modules must be replaced even
though only a smaller part within a module is defect (Acd1, P&L7). The remanufacturing of these
larger modules is more complex, too. Even though DfM still offers a lot of circular potential to be
realized today, other Design approaches might be more advantageous for a closed loop system.
During the interviews, several Design strategies apart from Design for Modularity were suggested
for closed loop product systems from the interviewees (AS1, BD1, P&L7):
•
•
•
•
•

Design for Life
Design for Environment
Design for Assembly and Disassembly
Design for Remanufacturing
Design for Recycling

The ‘Design for Life’ approach aims at supporting prolonged lifecycles of products and
would back the ‘Product as Service’ strategy, together with Scania’s environmental performance.
While Lieder & Rashid (2016) claim that the life time of products can to a large extent be extended
through remanufacturing – which is partly right – a different design approach might be more
effective. ‘Design for Environment’ is focusing on the early stages by using less or more
sustainable materials in the first place. It supports the Cradle to Cradle concept postulated from
McDonough and Braungart, as Design must consider the obstacle of mixed materials so that usage
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enables sorting and recycling afterwards (McDonough, 2005; IL1). ‘Design for Assembly and
Disassembly’, ‘Design for Recycling’ and ‘Design for Remanufacturing’ are supporting EOL
operations and help to capitalize on 4R potentials. This is especially interesting from an economic
perspective within the Product as Service model (AS1, BD1), also when looking into the electric
vehicle future for battery recovery (P&L7). However, another weigh-in factor is the product’s cost
that might increase with a different design due its impact on succeeding value-adding activities, to
an extent where customers might not be willing to pay for it (Acd1). Moreover, interchangeability
of parts in both new and older truck and bus generations should be taken into account (Acd1).
The current DfM might have worked well for the current business focus. In the end, a shift
in business model towards more circular and environmentally conscious practices will come
inevitably with the shift in Design approach. This stays in contrast to the findings of ResCoM
(2016) at Scania, in which the ‘Design for Modularity’ is described as advantageous for closed
loops. The already existing remanufacturing and reusing practices at Scania are taken as a proof
and prospect, but other critical factors such as waste accumulation and rework intensity need to be
considered. The question is now how to postulate and focus on such new arising needs, and how
to balance conflicting ones. The challenge will be to follow a suitable Design paradigm that is still
supporting the needs of all departments. Especially now, as the Design phase determines also to
which degree further treatment such as reusing is possible. As an interviewed researcher in Product
Development put it, designers hate all “that constrain their work even more, they have a lot of
issues to deal with already” (Acd1). Therefore, and in accordance with Lieder and Rashid (2016),
feeding knowledge gained from remanufacturing, reusing, and recycling activities back into the
very design stage of product development is crucial to interpret, adapt, reach and maintain multiple
usage phases of products and components. After discussing encountered potentials, enablers and
barriers of a CPS in a Lean context, Figure 19 displays a summarized target state of flows within
Scania.

Figure 19: Target state of flows within Scania
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Here, the Design & Development is included in the value chain, as it plays a much bigger
role compared to the current state in Figure 15 by enabling the new business model ‘Product as
Service’ through a more advanced design approach, which in turn facilitates circular flows. As the
product ownership lies then in the hands of Scania, commercial vehicles come back to the
company, impeding the business of third parties. A service and collection center needs to be set up
to take advantage of the returned trucks and buses, of which the whole vehicle or parts can then be
remanufactured, reused or recycled, lowering the need of virgin materials in the first place, and
parts in the production and assembly. By doing this, waste production that ends up on the landfill
is minimized.
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6. Discussion and Conclusion
In this chapter, a summary of the author’s outcomes of the formulated research questions is
presented. The academic contribution that the authors made on a theoretical, practical and
methodological level is described, as well as the limitation of this master’s thesis outlined.
Moreover, possible future research following this study is presented and ethical considerations
discussed.

6.1 Discussion of Research Questions
While CPS is a comparatively new production approach and many automotive companies are still
following the traditional linear lean manufacturing paradigm, the authors elaborated on a practical
groundwork of CPS within an automotive company. Therefore, the first research question relates
to actual potentials that can be seized when implementing a CPS in a Lean context. As the study
shows, CPS and Lean are not mutually exclusive but show certain conflict issues hindering an
implementation of CPS in a Lean context. However, when elaborating on potentials that can be
used with the help of circular measures, enablers and barriers need to be identified, which is
addressed in the second research question of this master’s thesis.
Research Question 1: “What are the main potentials of a Circular Production in a Lean
Manufacturing context?”
After analyzing conducted interviews internally at Scania and externally with researchers at
universities and persons responsible in other companies, potentials for closed-loop material and
product flows have been categorized in three levels: system, process and product level.
Currently, commercial vehicles are seldomly streamlined back to Scania, displaying a big
potential to be exploited for 4R potentials. Introducing a new business model called ‘Product as
Service’ could guarantee circular flows of Scania’s trucks, buses and components. By accepting
responsibility for its products and keeping the ownership, waste production would be minimized
or prevented in the best case. This results in both economically and environmentally profits for
industrial companies. The goods can then be remanufactured and reused due to the now available
EOL commercial vehicles flowing back. With this model in place, the company could also exploit
the current business segment that 3rd party manufacturers are currently occupying and approach
more customers with more competitive prices.
On a process level, wasteful operations have been identified throughout Scania’s value
chain. Starting from the Inbound Logistics department and ending at the After Sales division,
scrapping parts is neither questioned by their employees, nor are forms or formalities in place that
would make the actions that lead to scrapping accountable. In order to limit wasteful operations
and improve the environmental performance of Scania’s operations, a re-evaluation of the current
processes is crucial. Currently, waste is neither tracked, nor documented or quantified, drastically
limiting Scania’s possibilities to define fitting countermeasures. Ongoing processes and activities
have not been questioned for a longer time and need to be re-assessed not only on their economic
relevance, but also on their environmental improvement potential.
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From a product perspective, a new design approach displays the biggest potential to enable
a maximized life-time of products and support the eventual implementation of the alternate
business model ‘Product as Service’. Here, a product’s performance and functionality shall be kept
for as long as possible, which would consequently reduce the environmental impact due to the
reduced need for sourcing of virgin materials for producing new goods. As the product ownership
lies then in the hands of the company itself, it is naturally obliged and interested to ensure
reusability and re-manufacturability of the product, to keep the asset’s value in house.
Research Question 2: “What are the enablers and barriers for a Circular Production in a Lean
Manufacturing context?”
As indicated in Chapter 6.1, drivers and barriers follow the elaborated potentials in their
categorization into the system, process and product levels. The following enablers and barriers
have been identified:
In order to facilitate the introduction of the ‘Product as Service’ business model, Scania
needs to install the appropriate physical infrastructure to be able to retrieve back the products.
Moreover, advanced digital infrastructure such as IoT and tracking of field data must be
established to enable reverse logistics. On one side is the tracking and retrieving of the product, on
the other side are new competences needed for recycling, remanufacturing, and reusing activities.
Sustainable KPIs, then, would help to push constant countermeasures against wasteful operations.
Such KPI’s are formulated as material recyclability, remanufacturing intensity and share of
products circulating within the ‘Product as Service’ Model.
A considerable obstacle hampering Scania towards a CPS is the missing control over its
entire design and value chain due to the complex nature of heavy vehicles. Companies are, to some
extent, dependent on OEMs for assuring recyclable materials and remanufacturing practices on the
supplier’s products. However, due to the sheer size of Scania and other automotive companies,
pressure can be applied to suppliers to cooperate on 4R activities. Emerging networks among
businesses to incorporate activities are of vital importance.
Within the manufacturing operations, a strong enabler is the implementation of a ‘Waste
as Resource’ model through i.e. internal quality control stations to reintroduce parts with minor
faults. An internal buy-and-sell market could be introduced to offer reusable parts, tools or
equipment and increase the reusing of parts. In order to enable countermeasures on waste
accumulation, waste needs to be sorted and quantified first. Visualizing or digitalizing
accumulated waste, used energy and emitted CO2 would allow the detection of wasteful
operations, and show employees the environmental consequences of their operative behavior. This
goes hand in hand with the employee’s education about waste management such as sorting, to
enable 4R operations in the first place. Within the departments, internal forms can be re-introduced
to assure the accountability for scrapping. Other measures are possible by using digital tools such
as VR to enable digital tests and avoid physical tests.
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Currently, a proper data infrastructure for enabling visualization, tracking and measuring
of waste is lacking, but represents an essential part for taking advantage of the aforementioned
enablers of CPS. Today, departments tend to use distinct data formats and hinder the utilization of
a data lake allowing to source and analyze all information onto a common platform. The manual
handling of data formats results in mistakes being made, endangering the validity of data.
The encountered measures to improve the environmental performance of operations are
undertaken in an unorganized approach and are scattered throughout Scania’s value chain.
However, CPS also depends on a top-down strategic approach, that would assist the progress of
circularity throughout an entire organization. For this, collaboration and communication between
departments need to be improved to allow efficient information flows, especially crucial between
After Sales, Production and R&D.
The implemented Lean philosophy at Scania, which strives for continuous reductions of
waste; assembly time; and costs, highlighted a barrier for circular loops in the operations.
Activities concerning the reduction of actual waste are only justified by economic reasons,
hindering the reuse of faulty parts from the lines. A missing mindset for wasteful operations has
been encountered and can be to some extent explained by the implemented Lean philosophy, in
which environmental aspects are only considered as a side-effect.
From a product’s perspective, a new design approach can support the implementation of
the ‘Product as Service’ business model, in the sense that it enables EOL vehicle treatments. The
current DfM is focusing on minimized assembly times, costs and individual product solutions, and
has allowed for scattered remanufacture and reuse works. Though, there are doubts about DfM’s
suitability on a larger scale. Several alternate design approaches have been mentioned by the
interviewees; however, a suitable design approach needs to consider its influences on various
departments along the industrial value chain and still needs to serve several actors at the same
time. But by shifting the focus on longer life-cycles and recovery of product value, the economic
and environmental performance can be improved.
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A summary of potentials, enablers and barriers, categorized in system, process and product
levels, are visualized in Figure 20.

Figure 20: Potentials, Enablers and Barriers of CPS in a Lean context

6.2 General Conclusions
In many manufacturing companies nowadays, product operations follow a linear flow from
material sourcing, over manufacturing and use to landfill. But the industry seems to become aware
of its exploitative business operations that contribute to environmental depletion and started to
counteract upon it. An alternative to the current linear manufacturing paradigm is the concept of
CPS, aiming to close material and resource loops to capture value and decrease environmental
impact. The CPS was investigated on its potential, enablers and barriers in the Lean context of the
case study company, Scania, a commercial vehicle producer. Companies claim the following of
Lean measures in the production systems to increase profitability and minimize waste, and with it
bettering environmental performance. This study has been executed along Scania’s industrial value
chain, containing internal and external benchmark analyses, observational studies and semistructured interviews with both managers and engineers in respective departments, to understand
both managerial and operative perspectives. The 4R concept, consisting of reducing, reusing,
remanufacturing and recycling, was followed to identify Scania’s current 4R practices and its
future potentials, enablers and barriers in a CPS. After analyzing the empirical findings, potentials,
enablers and barriers have been categorized into three interdependent and interrelated levels:
system, process and product level. Several potentials were recognized, for which many parameters
must be met. While Lean has been criticized in this study as its focus solely on minimizing process
waste, it hinders the elimination of actual waste. Lean could therefore be developed further by
changing the notion of waste into resources or by expanding the notion of waste onto the entire
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value chain. This could incite companies to cut waste accumulation as the focus of operations is
fundamentally adjusted.

6.3 Research Contribution
The research contributions, believed from the authors to be achieved, are categorized into
theoretical, practical and methodological levels and will be presented in the following.
Theoretical Contribution
Within this study, the authors elaborated on potentials, enablers and barriers of CPS in a Lean
context with the help of different theoretical concepts that have been reviewed, focusing on the 4R
concept of remanufacturing, reusing, reducing and recycling. By discussing three different CE
concepts, namely the cradle-to-cradle design philosophy by William McDonough and Michael
Braungart, biomimicry by Janine Benyus and the industrial ecology concept by Reid Lifset and
Thomas Graedel, this thesis aims to contribute towards a better understanding by allowing the
translation from the theoretical into the practical world, and their closeness to practicality.
While this study put focus on CPS and its possible implications on Lean, the theoretical
concept of Lean and its definition of waste have been critically discussed. While implementing a
new production system such as CPS seems unlikely, the authors discussed how Lean could
possibly be tailored to fit the needs of a circular production approach; by the potentials described
on a system, process and product level; by changing or expanding the notion of waste to focus
more on environmental matters.
Practical & Industrial Contribution
As many have claimed the need for exploration of effective circular models, this thesis aimed to
provide a practical assessment to facilitate the implementation of CPS in a Lean context. This
assessment was conducted in the form of a case study at Scania. Currently, a specific qualitative
use case study is lacking in the existing literature. Therefore, to assure the practicality of the
concepts of CE and CPS, elaborating on use cases in manufacturing processes of big commercial
vehicle producers are important. As Zhijun & Nailing (2007) state: “To put a circular economy
into practice, there is a need for expanded pilot and demonstration programs and for exploration
of effective circular economy models that ultimately facilitate the overall development of such an
economy.”
Through the insights gained within this master’s thesis, new studies can be conducted
within the company to further elaborate on CPS e.g. within Scania or other manufacturing
companies. Already implemented circular measures have been identified and described in this
study and can be used to apply their principles in other departments with similar ongoing
operations. Due to the diagnosed lack of communication between departments or business units at
Scania and the fact that new, reusable and remanufactured parts display different business
segments that impede each other, it is important to notice that measures towards circularity also
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require a top-down strategy from the management to enable the implementation of CE and CPS
throughout the whole organization.
Methodological Contribution
So far, few papers think of CPS within their prevailing manufacturing context, and the influences
on each other as in e.g. both the Lean philosophy and CPS. However, such an angle of research is
important as most industrial manufacturing companies nowadays are following Lean measures.
Especially, as Lean is long-established, it can pose a barrier to the implementation of new
production systems such as CPS. This study therefore encourages to take into account the
prevailing production context, when developing new production and consumption paradigms.

6.4 Research Limitations
Within the course of this master’s thesis, the authors encountered research limitations that can
potentially influence the results of this study. Four major limitations are discussed in the following:
A main concern within this master’s thesis relates to the lack of prior available material
and literature from industrial companies that have already worked with Circular Practices due to
confidentiality reasons. While there is plenty of literature discussing CE theoretically and
emphasizing the need for such an economic system to counter ever increasing waste production
and energy waste, practical use cases in manufacturing, particularly in the automotive industry,
are spare.
Secondly, the generalizability of such an undertaking in one company onto another cannot
be guaranteed. A use case within one specific company represents studies on processes, challenges
and barriers in circumstances that might be unique to the very case study and can differ from other
companies or industries. Potentials and measures for a CPS at Scania might not be suitable for
other companies or industries, hence individual assessments of each circumstance need to be
elucidated.
Thirdly, another possible limitation, that the authors identified during the qualitative data
collection, was their current temporary employment for Scania. Although wearing a company’s
badge, access to many facilities was not granted. Questions about the transparency and openness
of employees about current processes could be raised, and if some answers could have been
different if the authors were permanently employed at Scania. As well, the language barrier
between the German authors and the Swedish interviewees led at times to a restricted in-depth
discussion. Another limitation is the lack of raw data for exact transcription of the interviews.
Although, the subsequent discussion among the authors and peer debriefing reduced the risk of
missing important information and misinterpretation of statements.
Lastly, the sample size of the qualitative study with semi-structured interviews and
observational studies poses a limitation on this work. This is primarily due to the thesis' time
constraints and the employees and academics voluntary willingness to participate in the studies.
Also, the sampling strategy could include employees in charge of every department that forms part
69

of the production process, and employees from companies operating in other industrial sectors.
This would assure the input from every department that is affected by potential production system
adjustments, and also as novel information emerge from every single discussion and could be
continued to paint a clearer picture.

6.5 Future Research
The limitations and the depth of the study have led to a series of future research proposals that are
set out below. On an enterprise level, future research could elaborate on a quantitative study,
building up on the potentials found in this qualitative study, including case studies that confront
the economic feasibility of the suggested circular measures. As indicated in this study, both
economic and environmental aspects must be considered, as economic interests are a key driver in
business. The current linear and partly circular practices of Scania highlighted the potential for the
use of 4R circular principles in Scania's operations. In order to understand the implications of
circular flows on the operations of companies as well as on ecological and economic benefits, an
LCA on a critical part could be helpful, tracking the life cycle from the material sourcing to the
end-of-life. Through this LCA, the parts are analyzed on their potential value using 4R practices
such as remanufacturing at the end of life and can also be compared with the actual grasped value
in Scania's operations, that consist mostly of material sales to recycling facilities. This could then
also help to quantify on how much of the third parties’ business Scania exploits by following
circular measures. Another quantitative study could elaborate on the accumulated amount of waste
along the industrial value chain at Scania, and how circular measures affect this amount.
On a macro level, more comprehensive future research could address the concepts of
industrial ecology, in which waste from one company can be the resource of another (Frosch,
1992). Such a project would need the participation of several companies or suppliers, that through
collaboration try to minimize waste production.

6.6 Ethical Considerations
Within the course of this study, ethical implications emerged and are discussed in the following.
First, this master’s thesis has been conducted within an industrial company, after a
confidentiality agreement was signed by the authors. Therefore, not all information can potentially
be published, which limits the public knowledge this study is contributing to. However, this
agreement refers to quantitative data, novel products and processes and stands mostly in contrast
to the qualitative nature of this thesis. Therefore, little restriction regarding qualitative data enabled
the authors to publish most information gained in the course of this study.
Second, an ethical conflict emerges due to possibly conflicting objectives between the
company and the authors, who need to satisfy requirements at the university at the same time. This
could have an impact on the authors’ activities and could bias their thinking. However, as the topic
of CPS has not yet been elaborated within the Smart Factory Lab, the company allowed the authors
to choose their research path and hence great freedom in conducting this study.
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Third, as the authors have signed a temporary employment contract with a company and
are seeking employment opportunities after graduation, one would think of the possibility to
continue working within Scania. Hence, the question comes up on how critical this master’s thesis
can be written to not constraint the outlook on job opportunities for the authors.
Lastly, another ethical implication emerges with the topic of this master’s thesis itself.
Claiming to introduce ‘environmentally friendly’ factories and becoming the leader in offering
‘sustainable transport solutions’, it cannot be said how much initiative the company will show on
CPS in future, and how it will use the information gained from this study. Since today’s business
model is still very lucrative, it can limit the incentives for the company to improve its
environmental performance by seizing more 4R potentials. However, from an ethical perspective,
Scania should have the knowledge that its current operations are contributing to environmental
depletion and should therefore feel partly responsible for that. Also, when considering causality,
when an action leads to another action to happen, and that Scania’s linear production system
contributes to environmental degradation, Scania should feel responsible for taking action on that.
Moreover, as a big corporation that belongs to the TRATON group, the company has the capacity
to act and improve its environmental performance. We can also assume that Scania has the freedom
to act (Lennerfors, T.T., 2019).
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Appendix A – List of Interviewees for the Case Study
No.

Organization

Unit

Responsibility

No. of
intervi
ewees
1

Date

Form of
interview

1

Scania CV AB

P&L1

2

Scania CV AB

P&L2

Manager pre-series
assembly
Engineer

21.02.2019

1

26.02.2019

Sustainable manager

1

26.02.2019

Specialist Assembly
(Digital Test
Laboratory) &
Manager Testing
Assembly - Project
Manager
Manager at the
scrapyard
Manager supplier
quality
Manager within the
Service Exchange
Business
Development
Manager
Method Engineer

2

27.02.2019

Face-toFace
Face-toFace
Face-toFace
Face-toFace

3

Scania CV AB

P&L3

4

Scania CV AB

P&L4
and
P&L5

5

Scania CV AB

P&L6

1

01.03.2019

6

ES1

7

Scania Industrial
Maintenance AB
Scania CV AB

1

07.03.2019

1

12.03.2019

8

Scania CV AB

AS1

1

14.03.2019

9

Scania CV AB

BD1

1

19.03.2019

10

Scania CV AB

R&D1

1

20.03.2019

11

Scania CV AB

ES2
and
ES3

2

21.03.2019

1

03.04.2019

P&L7

Manager
Environmental
support &
Environmental
Engineer
IT Solution
Architect
Manager SPS

12

Scania CV AB

IT1

13

Scania CV AB

1

03.04.2019

14

Scania CV AB

Manager & Business
Development
Manager
Production Engineer

2

09.04.2019

Scania CV AB

AS2
and
AS3
P&L8

15

1

12.04.2019

16

Scania CV AB

P&L9

1

17.04.2019

17

Scania CV AB

BD1

1

18.04.2019

18

Scania CV AB

BD1
and
R&D2

2

25.04.2019

Phone &
Face-toFace

19

Scania CV AB

P&L10

Environmental
Coordinator
Business
Development
Manager
Business
Development
Manager & R&D
engineer
Manager

1

25.04.2019

Face-toFace

IL1

Face-toFace
Face-toFace
Face-toFace
Face-toFace
Phone

Face-toFace
Face-toFace

Face-toFace
Face-toFace
Face-toFace
Face-toFace
Face-toFace
Phone

Table 5: Conducted interviews within the case study

i

Appendix B – List of Interviewees for the Benchmark Study
No.

Organization

Role

Responsibility

No. Of
interviewees

Date

Form of
interview

1

Volkswagen AG

Ext1
Ext2
Ext3

3

26.02.2019

Skype

2

Uppsala University

Acd1

1

25.03.2019

Face-to-Face

3

Ext4

1

28.03.2019

Face-to-Face

4

Scania CV AB /
Cummins Joint
Venture
KTH Stockholm

Manager
Central
Energy
Management
Lecturer
Industrial
Engineering
Production
Advisor

Acd2

1

29.03.2019

Face-to-Face

5

ÅF AB

Ext5

Circular
Manufacturing
Researcher
Sustainability
Manager

1

14.04.2019

E-Mail

Table 6: Conducted interviews within the external benchmark study

Appendix C – Interview Schedule
1. Information about professional position
a. What is your position and responsibility within this position?
b. What is your background?
c. What is your department working with?
d. With which departments are you collaborating?

2. Lean Scania Production System
a. How do you conceptualize Lean?
b. How do you work with Lean methods?
c. How does Scania Production System differ or conform Lean Manufacturing?

3. Environmental Performance of current System
a. How environmentally friendly are the operations in your department currently?
b. How much do you work with methods to improve environmental performance?
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4. Circular Production System
a. How familiar are you with CE?
b. How do you conceptualize a Circular Production System?
c. Are you or did you already work with CE principles?

5. Circular Principles in Scania’s Production System
a. What potential do you see for Circular Measures in Scania Production System?
b. Which enablers and drivers do you see when thinking of CPS implementation?
c. Which barriers and challenges do you see when thinking of CPS implementation?

Appendix D – Green Performance Map on Pedal Car Line

Figure 21: Circular process flow of the Pedal Car Line at Scania

In order to understand the necessity for counteracting upon the environmentally harmful
manufacturing practices with a CPS, it is important to map and visualize the potential. The existing
literature provides only a few methods or tools, one of them is the Green Performance Map (GPM),
a three-step visualization tool encompassing eight categories (Figure 22). The GPM is used to
analyze processes on their environmental impacts and set priorities for action (Romvall et al.,
2011). One box represents one environmental factor, and the amount and cost of that factor shall
be added. After taking all environmental factors into account, green; yellow and red colors classify
the significance of each aspect as shown in Figure 22. Green means that no harm is being done,
yellow indicates a fair impact, and red a significantly negative environmental impact. Then, the
priorities of the environmental factors can be ranked after considering their costs, or among others
on how much those environmental impacts can actually be influenced. Finally, a developed action
plan shall counter negative environmental impacts (Romvall et al., 2011).
This tool was applied to the pedal car line at Scania, not only as it allows to capture all
inputs and outputs in a presentable way, but also as it can be easily extended to the real assembly
line once it has been introduced to the simplified pedal car line.
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Figure 22: Classifying the significance of environmental factors (inspired by Kurdve and Wiktorsson, 2013)

However, when applying the GPM to the pedal car line and its two pedal car versions,
referred to as the red and the black pedal car (Figure 23), the many parameters missing become
visible. The two cars differ slightly in their Bill of Material (BOM), since some components are
different.

Figure 23: GPM applied to the assembly of the black (left side) and red (right side) pedal car

As there is neither energy nor water usage, nor emissions or non-productive outputs in the
pedal car line, four out of eight environmental indicators are left blank in the GPM. Non-value
adding materials are barely existent, staying in stark contrast to Scania’s real assembly lines in
which among others oils, lubricants and cable tie are used in big amounts (P&L8, Ext.1).
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