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Abstract

With changing market demands such as individualization, volatility and sustainability, the current
manufacturing environment at Scania is subject to an increasing need for change. This, together
with the availability of more advanced technology and digitalization has sparked the fourth indus-
trial revolution. It has been named Industry 4.0 and considers digitalization in a manufacturing
environment. As a result, the purpose of this thesis is to outline the potential of increased digital-
ization for logistics and manufacturing at Scania Oskarshamn. This will be done by developing a
digitalization strategy that encapsulates the core of Industry 4.0 and a roadmap to guide Scania
in their development towards a future digitalized manufacturing environment.

The study will consider two core functions of Industry 4.0 as the cornerstones of digitalization;
consciousness and interoperability. Consciousness focuses on the level of digitalization within the
system. With interoperability, integration throughout the whole supply chain and how it relates to
the manufacturing environment. As a result, the study is separated into three main parts: Scania
today, Scania 2030 and the gap in-between. For all three parts, three areas of focus will be the
basis for the analysis. First, the level of digitalization will be analyzed. This is done in regards to
the first core function, consciousness. Second, the level of process maturity will be analyzed. This
is done in regards to the second core function, interoperability. Third, synergies between logistics
and manufacturing will be analyzed.

From the conducted analysis of the current state at Scania, the 2030 scenario and the gap in-
between, the digitalization strategy for Scania focuses on the two identified functions. Three key
steps has been developed for each function. Scania must acknowledge the need of integration and
information sharing throughout the supply chain and by investing in connectivity and willingness
the process maturity will increase. This can only happen if Scania develops a process orientation,
something that replaces the functional silos present at Scania today. To support this development,
the level of digitalization for all activities within the process should evolve along the digitalization
pyramid. By deploying a digitalization priority, the overall process and digitalization development
will facilitate for the implementation of a integrated, ubiquitous IT-system. Collectively, this will
lead to the development of three arcs of integration, where horizontal, vertical and end-to-end engi-
neering works as the cornerstones of integration when furthering the Industry 4.0 implementation
strategy.

With support from the digitalization strategy, the developed roadmap is presented below.

Figure 1: Roadmap for digitalization at Scania
(Source: Own illustration)

Transitioning through the four phases, Scania will be able to increasingly work more zzzzzproac-
tive and less reactive. Reaching phase four, Scania should be in a state where autonomy and
decentralization is found within the system.
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Sammanfattning

Med förändrade marknadskrav som individualisering, volatilitet och hållbarhet är den nuvarande
tillverkningsmiljön hos Scania föremål för ett växande behov av förändring. Detta, tillsammans
med tillgången till mer avancerad teknik och digitalisering, har gett upphov till den fjärde indus-
triella revolutionen. Den benämns som Industri 4.0 och avser digitalisering i en tillverkningsmiljö.
Med detta som bakgrund är syftet med examensarbetet att skissera potentialen med ökad digi-
talisering för logistik och produktion hos Scania Oskarshamn. Detta kommer att ske genom att
utveckla en digitaliseringsstrategi som bygger på kärnan i Industri 4.0, samt en vägkarta för att
guida Scania i deras utveckling mot en framtida digitaliserad tillverkningsmiljö.

Studien kommer att bygga på två identifierade kärnfunktioner av Industry 4.0-konceptet som
grundpelare för digitalisering; medvetenhet och interoperabilitet. Medvetenhet fokuserar på dig-
italiseringsnivån inom systemet. Med interoperabilitet menas integrationen genom hela försörjn-
ingskedjan. Som följd av detta är studien uppdelad i tre huvuddelar: Scania Oskarshamn i dag,
Scania Oskarshamn 2030 och gapet däremellan. För alla tre delarna kommer tre fokusområden
att ligga till grund för analysen. Först analyseras digitaliseringsnivån. Detta görs med hänsyn till
den första kärnfunktionen, medvetenhet. Sedan analyseras nivån på processmognad. Detta görs
med avseende på den andra kärnfunktionen, interoperabilitet. Slutligen kommer synergier mellan
logistik och produktion att analyseras.

Från analysen av det nuvarande tillståndet hos Scania, 2030-scenariot och gapet däremellan,
fokuserar digitaliseringsstrategin för Scania på de två identifierade kärnfunktionerna. Tre nyck-
elsteg har utvecklats för varje funktion. Scania måste erkänna behovet av integration och infor-
mationsutbyte i hela försörjningskedjan och genom att investera i sammanlänkning och villighet
ökar processens mognad. Detta kan bara ske om Scania utvecklar en processorientering, något som
ersätter de funktionella silor som finns närvarande hos Scania idag. För att stödja denna utveckling
bör digitaliseringsnivån för alla aktiviteter inom processen utvecklas med avseende på den fram-
tagna digitaliseringspyramiden. Genom att implementera en digitaliseringsprioritering kommer
den övergripande processen och digitaliseringsutvecklingen att underlätta för genomförandet av
ett integrerat, allestädes närvarande IT-system. Sammantaget kommer detta att leda till utveck-
lingen av tre integrationsbågar, där horisontell, vertikal och länkad ingeniörskonst fungerar som
hörnstenar för integration när implementeringsstrategin för Industry 4.0 vidareutvecklas.

Med stöd från digitaliseringsstrategin presenteras den utvecklade vägkartan nedan.

Figure 2: Vägkarta för digitalisering hos Scania
(Källa: Egen illustration)

Med övergången genom de fyra faserna, kommer Scania att kunna arbeta alltmer proaktivt och
mindre reaktivt. I fas fyra kommer Scania ha nått ett tillstånd där autonomi och decentralisering
finns inom systemet.
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Part I

Scope of the study

Part I consists of an introduction to the study, a company description, along with the
structure that is used for this report. This part aims to give the reader an introduction and
a background of the thesis along with an introduction of Scania as a company as well as
the cab production as a part of Scania.

1



1 INTRODUCTION

1 Introduction

1.1 Background

Scania AB is a truck manufacturer in a competitive market where the customer demands high
quality trucks for a competitive price. A high demand for quality puts a big strain on Scania to
deliver products that meets these demands. Such demands puts a lot of pressure not only on re-
search and development to produce high quality and modern trucks, but also on the manufacturing
process and the connected logistics. High quality and cost-efficient delivery service is ensured by
a rigorous manufacturing and logistics process. Scania has manufacturing plants worldwide, with
cab production in Oskarshamn, Sweden that supplies cabs for final assembly in Södertälje, Sweden.

With changing market demands such as individualization, volatility and sustainability, more pres-
sure is being put on companies and their manufacturing units. Customers wants more specialized
and personal products through individualization. Volatility in the market forces organizations to
adapt to rapid change in market demand. At the same time there is an increased focus on the
environment, requiring Scania to focus on resource and energy efficiency, both in their products
and manufacturing. These market changes along the availability of more advanced technology and
digitalization has sparked the fourth industrial revolution. It has been named Industry 4.0 through
several strategic initiatives and has already been widely accepted in industry and academics.

The concept of Industry 4.0 considers digitalization in a manufacturing environment. This rev-
olution is sparked by the availability and possibility to connect individual objects to gather and
analyze big amounts of data. In turn, this will allow for self-aware manufacturing and logistic sys-
tems that will require less supervision, and through self-configuration respond rapidly to a change
in demand.

For Scania to keep their role as a market leader, Scania has realized they need to keep their
manufacturing and logistics operations up to new standards and stay ahead of the developing tech-
nologies rather than falling behind. Although there are initiatives at Scania today to research and
develop digitalized ways of manufacturing trucks, these are mainly focused on the manufacturing
plant in Södertälje, causing a gap between the two plants. Research into Automated Guided Ve-
hicles and more automated storage systems in Oskarshamn is underway, but a clear path towards
a further digitalized manufacturing environment is still unknown. This has sparked the need for a
path forward of how to adapt to the new digital technologies that comes with Industry 4.0.

For Scania to adapt to a digitalized manufacturing environment, the current situation at Scania
must be analyzed. Then by understanding the effects, impacts and changes coming with Industry
4.0, Scania can better prepare and implement changes through digitalization in their manufacturing
and logistics operations to remain best-in-class.

1.2 Purpose

The purpose of this thesis is to outline the potential of increased digitalization for logistics and
manufacturing in the assembly at Scania Oskarshamn.

Three aspects of the purpose can be derived as important parts that needs further explanation.

First, the underlying implication of outline will be explained. As a result of increased digitalization
a roadmap will be developed. The roadmap will be strategic and aims at furthering the development
of logistics and manufacturing at Scania Oskarshamn towards the future of manufacturing. The
present state at Scania Oskarshamn, studied as a part of the research questions will be the start
of the roadmap. The end of the roadmap will be the future manufacturing environment at Scania
Oskarshamn in 2030. The time frame has been decided together with Scania.

2



1 INTRODUCTION

Secondly, potential encapsulates the effects of the change that increased digitalization will cause, in
regards to the performance. Thus, key aspects of improvements as a result of the implementation
of the Scania Oskarshamn 2030 scenario will be detailed. This will be done by discussing the
performance of the assembly process, and how this changes with increased digitalization.

Lastly, increased digitalization signifies the current changes taking place within the manufacturing
environment. In this paper, digitalization signifies the digital transformation in a business perspec-
tive, further detailed in Chapter 6.2. The authors have identified consciousness and interoperability
as the cornerstones of digitalization in the context of Industry 4.0, also further detailed later in
this report. The concept Industry 4.0 is widely accepted and serves as a label for the environment
of which increased digitalization will exist.

Together, the purpose of the thesis will be to outline the potential of the changes that increased
digitalization implies, by mapping the changes within the time frame 2018-2030 on a roadmap.

1.3 Directives and delimitations

The thesis project will be carried out over twenty weeks with Scania as the project owner. The
project has to follow the directives detailed below:

• The thesis should focus on the assembly at Scania Oskarshamn

• The thesis should focus on the manufacturing and logistical activities in the assembly

Though Scania is a global company, the thesis project will only focus on Scania Cab Production
in Oskarshamn and encapsulate the manufacturing and logistics activities in the assembly.

To further limit the work to concretize the scope of the study, the following delimitations have
been put forward by the authors.

• The supply chain mentioned in the thesis does not consider suppliers or customers.

As the thesis will consider a supply chain view on the assembly in Scania Cab Assembly, the
supply chain will be limited to the operations of Scania, meaning suppliers and customers will be
ignored. Below is a representation of the limited area of Scania Oskarshamn that the thesis will
consider. The Cab Body production is not considered and only the assembly and logistical parts
is considered in the Cab Assembly.

Figure 3: The general boundaries of the studied system.
(Source: Own illustration)
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1.4 Report structure

The report is split into five different parts containing the chapters that comprise this report. The
parts and the chapters are presented below:

Part I - Scope of the study

The first part of the report will present the scope of the study, where Introduction, and Company
description is explained. The Introduction chapter will give the reader an understanding to the
background of the study as well as the purpose and delimitations. This introduction will give
the reader an understanding of the problem. This chapter will also outline how the report is
structured. The Company description chapter will present Scania as a company as well as Scania
Cab Production as a production unit of Scania along with a short introduction to the cab assembly
process at Scania.

Part II - Theoretical Framework

The second part of the report will consist of the theoretical framework and is split into three
chapters: Logistics, Manufacturing and Industry 4.0. The Logistics and Manufacturing chapters
will present relevant logistics and manufacturing-theory that will be relevant for the study mainly
based on academic and course literature. The Industry 4.0 chapter will present relevant theory
revolving the fourth industrial revolution including background, changing market trends along with
central features, key enabling technologies and the paradigm shift for Industry 4.0.

Part III - Precision and Methodology

The third part of the report is split into two chapters: Precision of task and Methodology. The
Precision of task chapter will cover precision and breakdown of the purpose which in turn will
be the basis and the reasoning for the developed research questions to answer the purpose. The
Methodology chapter will present methodology theory and specific and detailed methodology for
how the research questions will be answered for this study.

Part IV - Empirical findings and analysis

In the fourth part of the report, the authors will present empirical findings and analysis related
to the research questions developed in Part III. These empirical findings will lay ground for the
rest of the thesis. This part is split into three chapters: Scania Today, Scania 2030 and The Gap
between today and 2030.

Part V - Conclusions

The final part of the report will conclude the research with a chapter explaining how the gaps
between today and 2030 should be filled through a strategy and roadmap. The part will also
include a discussion.
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2 COMPANY DESCRIPTION

2 Company description

2.1 History of Scania

Scania AB is a Swedish automotive truck, bus and motor manufacturer that began production
in 1891 under the name Vabis. The company has undergone many changes, but the core has
always been automotive. Scania gained its name in 1911 when Maskinfabriksaktiebolaget Scania
in Malmö and Vagnfabriksaktiebolaget i Södertälje merged into Scania-Vabis. The company grows
drastically during the 1940s due to the second world war and expands into new markets. In 1980,
Scania introduces the first fully modular product range, which laid the foundation for the modular
system Scania is known for today (Scania AB, 2018b). Today Scania AB is owned by the German
conglomerate Volkswagen Group as it was acquired in 2014 (Scania AB, 2018c).

2.2 Scania today

The main office and production site of Scania is based in Södertälje, Sweden. Scania has over 49,000
employees around the globe with production offices in Sweden, France, Netherlands, Poland and
Argentina Scania AB (2018b). The locations of production sites, development centers along with
sales and services offices can be seen below.

Figure 4: Map of the global offices of Scania
(Source: (Scania AB, 2018b))

While the main office along with the main assembly, research and development and financial services
is located in Södertälje, the cab production is located in Oskarshamn, Sweden. Sixty percent of
the sales is from trucks, twenty percent from services (such as financing) and ten percent from
buses while the rest comes from motors and used articles. In 2016, net sales totaled a new record
of SEK 119 billion with an operating income of SEK 12 million resulting in an operation margin of
ten percent. This was a result of Scania delivering 77,600 trucks, 8,300 buses and 8,500 industrial
and marine engines in 2017 (Scania, 2018).

2.2.1 Organization

Scania AB is organized in several departments as seen below in Figure 5.
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Figure 5: Scania Organizational Structure
(Source: (Scania AB Internal, 2017))

The executive board of Scania manage the company’s corporate unites that are divided into Re-
search and Development, Purchasing, Production and Logistics, Sales and Marketing, Financial
Services and Commercial Operations. Research and Development is responsible for the develop-
ment of new products including trucks, bus and engines. Production and Logistics manufactures
the products and distributes products and components internally as well as externally to suppliers
and customers. Sales and marketing are responsible for the sales of the trucks along with enter-
ing new markets and maintaining customer relations. Commercial operations is responsible for
strategies, operations and control of Scania-owned sales and services to companies and dealers.
Financial Services deal with financing and insurance solutions for the customers. The purchasing
unit is in charge of all purchasing activities for operations such as supplying material, equipment
and services to the right part of the organization.

2.2.2 Scania Trucks

Scania develops, manufactures and sells trucks. These trucks vary in size due to their use, every-
thing from long-haul trucks to local city trucks as seen in the figure below. Scania trucks are made
from a modular point of view allowing customers to customize their trucks in numerous ways from
size, engine and interior. The option for a highly customized truck puts a big strain the design as
well as the manufacturing department. High customization means a very complex product along
with a complex manufacturing process, both on the manufacturing line and the connected logistics.

Figure 6: Scania trucks
(Source: (Scania AB, 2018b))

2.2.3 Scania Cab Production

Scania manufactures their cabs for the European production sites in Oskarshamn, Sweden. Os-
karshamn is located on the south-eastern coast of Sweden and supplies the Södertälje, Zwolle and
Angers production sites with cabs. 50% of the cabs produced in Oskarshamn is sent to Zwolle,
25% to Södertälje and 25% to Angers.
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The cabs are made from scratch in Oskarshamn and the production site is made up of four stages
as seen in Figure 7, the press shop, the body shop, the paint shop and the final assembly. The
press shop receives metal on long rolls and the machines press the metal sheets into body parts.
The body shop join the pressed sheet metal through gluing and welding into the body of the cab.
The paint shop paints the body and doors. The assembly line assembles the cabs by inserting
components such as the dashboard, chairs, windows and electronics. All steps include quality and
verification steps. Scania has also recently introduced a new series of trucks called the New Truck
Generation (NTG) which also requires new cabs, leading Scania Cab Production to change their
old setup to facilitate the new series. Scania has for a while been a leader in the Swedish industry
within Lean manufacturing, where they have developed their own Scania production system (SPS)
based on lean principles. (Scania AB Internal, 2017)

Figure 7: Scania Cab Production
(Source: (Scania AB, 2018b))

Scania Assembly Process

The layout of the assembly at the cab production can be seen in Figure 8 below.

Figure 8: Assembly layout at Scania Cab Production Oskarshamn
(Source: Own illustration)

The above figure gives a general overview of the layout of the cab assembly workshop. The cabs
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enter the assembly line at Line 1 and travels through to Line 9 where the cab is successively as-
sembled. The assembly line is fed with material from sub-assemblies, kitting stations or material
storage. The production department is responsible for assembling the cab with in time and de-
livering a high quality product. The logistical department is responsible for making sure that the
right material is on the right line at the right time.

2.3 Scania in a digital era

Scania Cab Production is overall a modern company with varying levels of digitalization across
the different shops. The wish from Scania to digitalize is sparked from the lack of digitalization
in the assembly processes at Scania Cab Production. The assembly process of a manufacturing
company is often the hardest to automate. Their other processes (body and paint), are heavily
automated and on a better path towards a digital operation. Scania recently invested in a new
body shop with 280 industrial robots along with the implementation of a new truck product line.
Such investments supports the vision of their manufacturing operations, which is to remain best
in class.

Scania uses several IT-systems in their assembly to connect the production to material handling
logistics and transportation to line. Some information is transferred through the IT-systems,
meaning some information is still also passed on by paper and updated by hand. The current
IT-systems at Scania are very "ad-hoc" and only performs a certain function and most IT-systems
does not talk interact. These legacy-systems require heavy maintenance due to their age and
ad-hoc connection to other systems and the production itself. Scania Globally works with an
IT-Roadmap for Scania where Oskarshamn has started efforts although a lack of resources is a
reoccurring theme. The assembly department at Scania has realized its assembly operation needs
to be digitalized as a step towards Industry 4.0. Since Scania has shown interest in the area of
production and logistics development, the reason for digitalization to improve current operations
and stay best in class is supported by previous investments in the field of automation for example.

Scania has also taken a step towards digitalization through their fleet of connected trucks where
in 2017, 250,000 trucks on the road were connected. This connectivity is a step towards a more
sustainable transport fleet through fleet management. The utilization of connected vehicles can
lead to reduced fuel consumption and increased transport efficiency, benefiting both the users
finances and their emissions. (Scania Press, 2017)
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Part II

Theoretical Framework

Part II consists of the research conducted and encapsulates the theoretical framework for
three main areas. The first, logistics, presents how logistics is increasingly used in relation
to organizational strategy and competitiveness. The second, manufacturing, covers the tra-
ditional act of manufacturing parts, along with modern manufacturing through automation
and finally manufacturing in a broader picture and its place in an organization. The third,
Industry 4.0, details the concept firstly introduced in Germany, 2011. The increasing pres-
ence of digitalization within and across companies and industries is causing a paradigm
shift in manufacturing. This change together with the enabling key technologies and core
functions will be detailed. The three areas of research will together form the basis for the
theoretical framework for this study.

9



3 LOGISTICS

3 Logistics

Logistics is about the planning and control of the material and information flow in organizations
(Ghiani et al., 2004). In other words, it consists of getting the right material and information to
the right place, at the right time. Therefore, one could say that the goal with logistics is to achieve
a cost-efficient delivery service.

As defined by (Council of Supply Chain Management Professionals, 2012):

"Logistics is that part of supply chain management that plans, implements and controls the efficient,
effective forward and reverse flow and storage of goods, services and related information between
the point of origin and the point of consumption to meet customers’ requirements."

Björklund (2012) uses a similar definition, but adds that logistics even comprises the return flow
of materials and products and not only the flow between raw-material and customer.

3.1 Modern logistics

The scope of logistics has grown over the years, and has evolved from being solely focused on
inventory and transportation to something that is increasingly included in corporate strategies as a
mean of competitiveness (Oskarsson et al., 2013). As a result, modern logistics can be characterized
into four main aspects (Oskarsson et al., 2013):

• Logistics is an important factor as it furthers competitiveness and profitability for organiza-
tions

• Logistics main goal is to optimize an organizations different flows, in a cost-efficient, customer-
focused way

• Logistics is something that affects the whole organization, not just a particular part of it

• Logistics is about continuous improvements

These aspects together with the aforementioned interpretation and definition of logistics, will create
the foundation for how logistics is interpreted and used in this report. Also, logistics will be seen
through the perspective mentioned in the definition, as a part of the organizations whole supply
chain. This perspective will be detailed in the chapter Logistics as a part of the supply chain.

3.1.1 Logistics as a mean of competitiveness

As mentioned in the introduction, logistics aims at achieving a cost-efficient delivery service. Ev-
eryone working with logistics are consequently working to reduce the total cost of delivery at the
same time as meeting customer requirements, and must therefore see to the total flow instead
of focusing on their own departments and budgets (Oskarsson et al., 2013). Seen through the
perspective of business administration, Jonsson and Mattsson (2016) states that logistics is about
creating profitability through high delivery service, low costs, reducing the tied up capital, high
flexibility and short lead-times.

This creates a dilemma, as the organization must see to the whole picture of the different parame-
ters. If the organization doesn’t do this, the chances of sub-optimization are high. As an example,
an organization might reduce transportation costs through fewer transports, but are forced to store
products longer and as a result the tied capital is increased (Lumsden, 2012). To achieve a balance
and see to the whole picture, the organization must choose to do trade-offs between the different
parameters - understanding that in order to become more competitive in one area, another area
might consequently become less competitive (Mattsson, 2012).
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Figure 9: Illustrates the dilemma of the overall goal with logistics.
(Source: Own illustration based on Lumsden (2012))

Balancing these parameters by delivering high customer value through quality logistics services,
the organization can position itself in an area that is not so easily duplicated as for example price
and promotion (Mentzer and Williams, 2001). To further the understanding of the underlying
parts of these parameters, the following chapters will present and discuss delivery service followed
by the logistics costs and the tied up capital.

3.2 Logistics within an organization

From the definition of logistics presented in the introduction, logistics involves the management of
facilities, transportation, inventory, materials, order fulfillment, information and communication as
well as third party providers within the organization in a way that adds to customer value (Novack
et al., 1992).

This can be translated into separation of the different elements of logistics into two main functions;
management of the material flow and management of the information flow. Even though logistics
management can be conceptualized into focusing on all of the aforementioned elements, modern
logistics management aims at doing this with the goal of effective customer service, total cost
efficiency, competitive advantage and enhanced organizational performance (Mentzer et al., 2008).

3.2.1 Flow of material

Warehousing

Warehousing is commonly known as the storage of goods (Langley, 2008) and practically every
organization uses warehouses in some way to store goods (Oskarsson et al., 2013). Depending on
perspective, warehousing can be both positive and negative (Oskarsson et al., 2013). With the
goal of lowering tied up capital, warehousing should be kept at a low. On the other hand, with the
goal of securing high delivery service, warehousing should be kept at a high. Hence, warehousing
is the continuous balance of choosing between cost-reduction and maximizing delivery service.

(Oskarsson et al., 2013) also states that the positive and negative aspects of warehousing are case-
specific, and should therefore be examined in every specific situation. Also, Oskarsson et al. (2013)
argues that warehousing should be used as an alternative only when all other options have been
examined. Langley (2008) furthers this argument and states that decisions should be made in a
trade-off framework. The decisive criteria should be the total cost, including the service impact on
lost sales.

Material handling

Langley (2008) defines material handling as efficient short-distance movement that usually takes
place within the confines of a building such as a plant or a warehouse and between a building and
a transportation agency.
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Both Langley (2008) and Oskarsson et al. (2013) emphasizes the importance of efficiency. As with
logistics in general, the material handling affects the costs and the delivery service (Oskarsson
et al., 2013). For example, ineffective picking results in a higher lead time, which probably makes
it harder to forecast, something that in turn affects the delivery reliability (Oskarsson et al., 2013).
Thus, an example of how bad material handling might affect the delivery service.

With focus on handling material efficiently, Langley et al. (2008) lists some general objectives of
materials handling:

• Increase effective capacity of warehouse

• Minimize aisle space

• Reduce number of times product is handled

• Develop effective working conditions

• Reduce movements involving manual labor

• Improve logistic service

• Reduce costs

With these objectives in mind, the aforementioned operations are the most common for how
material handling occurs within the compounds of a plant or a warehouse.

Figure 10: Illustrates the flow of material within an organization.
(Source: Own illustration based on (Oskarsson et al., 2013))

At the receiving operation, delivery of goods is done in a timely manner to ensure warehouse labor
productivity and unloading efficiency (Langley, 2008). Normally the goods are physically moved
from the vehicle to the dock, where the information of the goods is collected and registered in the
computer system (Oskarsson et al., 2013). The goods are also inspected for damage, and the items
are checked against the purchase order (P/O) to verify that the received goods are the same as
those ordered.

Once received, the put-away operation consists of physically moving the goods from the receiving
area to the storage area (Langley, 2008). Oskarsson et al. (2013) states that there are two types
of storage areas; storage area for goods that are to be picked easily and quickly, and storage area
for goods that are to be used as a buffer. Once the area has been chosen for the goods, it can be
moved to the proper location and finally, the warehouse inventory records are updated.
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The storage process simply consists of the goods being stored in the warehouse. As mentioned
in the put-away section, the storage can be done with different objectives in mind and usually
there are a lot of factors that determines where goods are being stored. Even though these factors
are important and affects the overall efficiency of the material handling, they will not be detailed
further.

The order-picking process involves the warehouse personnel to select and pick the ordered items/goods
from the storage. The order might be from the production or from a customer. The order infor-
mation is given to the personnel and usually the order-picking is done in a way that maximizes
the efficiency of the process. Oskarsson et al. (2013) states that there are three principles of
order-picking: order-, zone-, and article-picking.

• Order-picking signifies that the whole order is picked at once. Usually several orders can
be picked at the same time if the order doesn’t contain too many lines. This may increase
the total efficiency of the picking (depending on warehouse layout and structure) but might
also reduce the efficiency if the sorting of the multiple orders take too long to do afterwards
(Oskarsson et al., 2013).

• Zone-picking signifies that the order has been split into separate sections, and every section
has a specific zone within the warehouse. When the different sections of the order has been
picked they are put together. Even though this requires extra work it might be a solution
where many high frequency articles are placed in the same area of a warehouse, as it usually
results in ques for picking (Oskarsson et al., 2013).

• Article-picking signifies that the picking is done individually for each article. This might be
done to please a specific need in time, a few hours, a day or even several days (Oskarsson
et al., 2013).

No matter which method is used, all picking is done with the help of a pick-slip. With the
information given on the pick-slip, the personnel knows where to pick, how much and other relevant
information for the picking. Once the picking has been done, the order is either sent for packing
and unitization for shipment to exterior customer or to production (Langley, 2008)

As a last step of the material handling, the packing and unitization consists of preparing the ma-
terial for dispatch. The packing is not only a concern to logistics managers but also for marketing,
production and legal (Langley, 2008)

Once the material has been handled within the compounds of the organization, the produced goods
are transported away from the organization. As this part of the material flow is not within the
system boundaries of this work, the transportation of goods will not be detailed further.

3.2.2 Flow of information

Order fulfillment and order management

The process of order fulfillment and order management connects the previously discussed parts
of the material flow. Furthermore, it also connects the material flow from the organization to
the suppliers and to the customers (Oskarsson et al., 2013). Even though the process of order
fulfillment might occur in all phases of the entire supply chain (from supplier to producer to
customer), the process itself is the same. In essence, the different parts of the supply chain share
relevant and useful order information and demand forecasts in both directions of the flow of the
supply chain (Langley, 2008). The order cycle consists of four major components; order placement,
order processing, order preparation and order shipment, all illustrated beneath in Figure 11.
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Figure 11: Illustrates the order process.
(Source: Own illustration based on (Langley, 2008))

As understood by the illustration above, the order process consists of two parties. They might
be two functions within the same organization, or between two different organizations (Oskarsson
et al., 2013). To achieve effective flows of materials and information, it is important that the order
process is functioning properly which demands that both parties collaborate with each other. For
this to work the parties must see to the whole picture and help each other. For example, if an
organization knows that it will place a certain order within the next couple of days, the supplier
could benefit from knowing that there will be an order arriving in the next couple of days. In this
way, the lead time can be minimized and the inventory can be kept low (Oskarsson et al., 2013).

Inventory management

Both Oskarsson et al. (2013) and Langley (2008) agrees on the main questions of inventory man-
agement:

• How much to reorder from suppliers/production/inventories?

• When should the reorder occur?

Oskarsson et al. (2013) adds to these two questions that an organization also should find solutions
to the problem of uncertainty, and how to address it.

As with logistics in general, inventory management should consider issues relating to cost and to
customer service requirements (Langley, 2008). Traditionally, increased investments in inventory
may result in higher levels of customer service (Langley, 2008). Today, logistics solutions that
will result in higher levels of customer service along with reduced investments in inventories are
prioritized (Langley, 2008).

Langley (2008) identifies four factors that makes this an achievable objective: (1) more responsive
order-processing and order-management systems; (2) enhanced ability to strategically manage
logistics information; (3) more capable and reliable transportation resources; (4) improvements in
the ability to position inventories so that they will be available when and where they are needed.

As a result of identifying these logistics solutions, organizations can improve customer service and
reduce logistics costs.

3.3 Logistics in the broader picture: Supply chain logistics

The supply chain is the network of companies involved in providing products and services to the
end-consumer (Lambert et al., 2008). It is widely accepted within the academia that management
of the supply chain requires cross-functional involvement ((Cooper et al., 1997); (Mentzer et al.,
2001) ; (Council of Supply Chain Management Professionals, 2012)). Lambert et al. (2008) states
that managing the supply chain requires the integration of all corporate functions, including lo-
gistics, sales, marketing, finance, operations and purchasing (Lambert et al., 2008). The Council
of Supply Chain Management Professionals (Council of Supply Chain Management Professionals,
2012) shares this by stating that supply chain management “includes all of the logistics manage-
ment activities..., as well as manufacturing operations, and it drives coordination of processes and
activities with and across marketing, sales, product design, finance and information technology”
(Council of Supply Chain Management Professionals, 2012).
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To achieve the cross-functional integration over the supply chain network of companies and func-
tions, the activities of an organization must be organized as business processes (Lambert et al.,
2008). Often, business functions of organizations doesn’t allow for cross-functional integration,
as they are organized as functional silos (Hammer, 2001). Thus, the management of the supply
chain should focus on the relationships between the focal firm and its network of customers and
suppliers (Lambert et al., 2008). As a result, Lambert et al. (2008) suggests that the supply chain
management should be characterized by the following criteria: (1) it needs to be cross-functional;
(2) it needs to be process-oriented; (3) it needs to include all activities for managing interactions
with customers and suppliers.

By organizing the activities of the organization as business processes, these criteria can be met.
Lockamy and McCormack (2004) uses the concept of business process orientation to develop a
supply chain management process maturity model, viewing processes as strategic assets. Oskarsson
et al. (2013) also argues for the adaption of business process orientation, moving away from the
functional silos. By adapting a business process orientation (BPO), conflicts are reduced and
greater connectedness is found within the organization Lockamy and McCormack (2004) at the
same time as improving business performance. The maturity model is based on five levels, where
each level establishes a higher level of process capability. This capability is defined by (Lockamy
and McCormack, 2004):

• control - defined as the difference between targets and actual results, noting the variation
around these targets

• predictability - measured by the variability in achieving cost and performance objectives

• effectiveness - the achievement of targeted results and the ability to raise targets

The process maturity model is shown below in Figure 12.

Figure 12: The figure shows the process maturity model and its five levels.
(Source: (Lockamy and McCormack, 2004))

The first level of the model (Ad Hoc) represents the lowest level of process maturity. At this stage,
processes are still very ill-defined. Functional silos are present. The second level of the model
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(Defined) represents a level of maturity where basic processes are in place. The main difference
is that even though jobs and organizational structures remains traditional, representatives from
different functions meets regularly to coordinate. Once reaching the next level (Linked), processes
are in place with a strategic intent. Functional management are increasingly being replaced by
process management, and cooperation between intra-company functions as well as with vendors
and customers are in place. Onto the next level (Integrated), all parties of the network take
cooperation in the process. The shift to process structures are in place and traditional functions
begin to disappear. Fully matured (Extended), processes are so developed that competition is now
based on multi-firm networks. Established trust and collaboration holds the network together and
a customer-focused culture across the whole supply chain is firmly in place.

3.4 Supply chain integration

3.4.1 Internal and external integration

Building on the concepts discussed above, both internal and external integration are important
aspects of increasing the overall performance of the supply chain. Frohlich and Westbrook (2001)
investigated supplier and customer integration strategies and characterized different levels of in-
tegration, through “arcs of integration”, presented below in Figure 13 (Frohlich and Westbrook,
2001).

Figure 13: Illustrates the different arcs of integration.
(Source: (Frohlich and Westbrook, 2001))

The results from their investigation shows that manufacturers with high level of integration shows
the highest level of performance improvements while the manufacturers with low level of integra-
tion shows low level of performance improvements. Frohlich and Westbrook (2001) argues that a
possible reason for the enhanced performance is due to the reduced uncertainty throughout the
manufacturing networks as a result of better coordination in the supply chain. Furthermore, orga-
nizations that are close to their customers can transfer relevant information to suppliers, resulting
in aligned production and shipping plans to the final market demand.

Also, Frohlich and Westbrook (2001) states that adoption of solely supplier- or a customer-facing
supply chain strategy has few or no advantages over the inward-facing strategy. Schoenherr and
Swink (2012) furthers this argument, as they point to the importance of pursuing both customer
and supplier integration in an integrated fashion. As a result, organizations finds enhanced per-
formance in the four operational dimensions: quality, delivery, flexibility and cost. These aspects
will be detailed further in the chapter key performance index.

Another aspect that is equally important as the external integration, is the internal integration.
Germain and Iyer (2006) states that the internal integration should coexist with the external
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integration, evolving together over time. The internal integration should be focused on decision-
making components; interdepartmental committees, cross-functional teams and liaison personnel
coordination multiple departments (Germain and Iyer, 2006). Schoenherr and Swink (2012) and
Germain and Iyer (2006) agrees in two aspects:

• Organizations with high levels of internal integration and high levels of external integration
show high levels of performance

• High levels of internal integration is more important than high levels of external integration
in terms of performance

To conclude, the logistics integration, both internal and external shows enhanced performance
for the deliverables quality, delivery, flexibility and cost. Focusing solely on one type of integra-
tion shows little improvements and thus organizations must see to the whole supply chain and
understand the importance of both internal and external integration.

3.4.2 Information sharing – connectivity and willingness

In order to achieve a high level of integration, information and information sharing within an
organization and within the supply chain is imperative (Williams et al., 2013). Barratt and Oke
(2007) defines supply chain visibility as "the extent to which actors within a supply chain have
access to or share information which they consider as key or useful to their operations and which
they consider will be of mutual benefit". To measure visibility, Bartlett et al. (2007) argues that
transparency can be used as a measure for visibility but also to measure visibility gaps within the
supply chain.

Zhou and Benton (2007) lists three aspects of information sharing:

• information sharing support technology, including hardware and software.

• information content.

• information quality, e.g. accuracy, availability, timeliness, connectivity, completeness, rele-
vance and others.

Even though information sharing is vital for integration, more important are the features that
enable information sharing. Lambert et al. (2005) argues that connectivity, or connectedness is
key for both integration of intra- and inter-company processes. In essence, connectivity is not tied
to a specific focus or process, but should be viewed as a requirement in all aspects of integration.

Fawcett et al. (2007) furthers this argument by separating information sharing into willingness and
connectivity:

• Willingness is about the extent of which members of a supply chain will in fact make needed
decision-making information available.

• Connectivity is about the extent of which members of a supply chain are able to collect,
analyze and transmit information within the network.

Furthermore, Fawcett et al. (2007) states that connectivity is about the IT-based solutions that
allow the network to collect analyze and transmit information whereas the willingness addresses
whether or not members are willing to share information. From their studies, Fawcett et al. (2007)
found that organizations tend to invest heavier in connectivity than in willingness.

Once a certain level of willingness and connectivity is achieved, information sharing may start
to take place. Moberg et al. (2002) distinguishes between operational information sharing and
strategic information sharing. The operational information is short-term and very quantitative,
often about daily logistics/sales activities or status information about orders and inventory levels.
The strategic information is long-term, related to marketing, logistics and other business strategies.
In Appendix A, different levels of connectivity and willingness is illustrated.
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4 Manufacturing

Manufacturing is defined in the Oxford Dictionary as “Make (something) on a large scale using
machinery” (Oxford Dictionary, 2018) and comes from the Latin words, manus (hand) and factus
(make), combined into made by hand (Groover, 2008). These two definitions explain the meaning
of manufacturing of a way to creating something from something. This has been done in thousands
of years, but manufacturing today is greatly defined by what happens in workshops and factories
in the industry. The way of manufacturing has developed greatly over the years from handcraft
to fully automated machines creating complex parts and products from raw material. The actual
manufacturing in an organization is considered the value-adding-activates where the sold product
is actually manufactured, shaped and assembled. The way a product is manufactured defines its
price and quality, which are often trade offs of each other. A general introduction to manufacturing
systems, how and why they are automated along with manufacturings position in an organization
will be presented in this chapter.

4.1 Understanding Manufacturing Systems

To understand how cost and quality are affected, an understanding of standard manufacturing
systems is presented. Groover (2008) defines a manufacturing system to be: “a collection of
integrated equipment and human resources, whose function is to perform one or more processing
and/or assembly operations on a starting raw material, part, or set of parts”. Manufacturing
machines and tools, material handling and work positioning devices, and computer systems are
all a part of integrated equipment. The human resources is the human input required to keep the
system running, either on the shop floor or by controlling and planning operations. The type of
manufacturing system depends greatly on what type of product that is manufactured in terms of
complexity but also the quantity produces year. Quantity is divided into three ranges: (Groover,
2008)

• Low manufacturing: 1-100 units per year

• Medium manufacturing: 100-10,000 units per year

• High manufacturing: 10,000 to millions of units per year

Although these ranges are not strict and highly depend on the type of product, they set the
standard for how the manufacturing facility and system will be designed. The type of product also
includes the variety of the manufactured product. Low quantity manufacturing sites often have a
big product variety while factories where the quantity reaches over a million, product variety is
quite low forming an inverse relationship.

Companies with low manufacturing quantity of one to one hundred units per year are usually sit-
uated in facilities such as job shops. These companies make specialized and customized products
always made to order. These products are complex such as aerospace, aeronautical and special
machinery. The characteristics of a medium manufacturer is batch manufacturing where the oper-
ations are changed after each batch to allow for product variety while still producing a high amount
of products. This puts high strain on changeover and setup time between each batch to reduce
total lead time since its considered a waste. Cellular layouts where each cell has a task is often used
in medium quantity facilities. Companies with high manufacturing quantity of 10,000 to several
million units per year are categorized as mass manufacturers. These factories have a low product
variety with fixed manufacturing meaning each operator/machine does one specific task repeatably
and flow line manufacturing where all of the operations are short and in sequence. These factories
are are often heavily automated and include machines such as stamping and molding for example.
These companies usually have a low sales margin per product. A typical example is automotive
manufacturer where an assembly line is present and due to the high demand of specialized products
a mixed-model production line is often implemented where modularity allows for customization of
high quantity products. (Groover, 2008)
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4.2 Modern Manufacturing

Since the seventies, the cost vs quality dilemma has been driven by automation investments which
allows for reduced cost and increased quality. Automation is defined by Marriam-Webster as:
“the technique of making an apparatus, a process, or a system operate automatically” (Marriam-
Webster dictionary). The process of automation is making an action or process happen automati-
cally. Examples of automation are: automated machining of parts, automated material handling,
automated assembly, automatic material handling and storage systems and automated quality
control through inspection. According to Groover (2008), automated manufacturing systems can
be categorized into three categories: fixed automation, programmable automation and flexible au-
tomation. These types of automation are applied in factories depending on product variety and
manufacturing quantity per year as mentioned later in under Fixed automation, Programmable
Automation and Flexible Automation. (Groover, 2008)

4.2.1 Levels of automation

The aspect of automation of processes and operations is broad and can be defined through ISA-95
standards (Brandl, 2008) at different hierarchy levels as seen below:

Figure 14: Five Levels Of Automation
(Source: Own illustration based on (Groover, 2008))

Groover (2008) defines automation to take place over five different hierarchy levels:

• Device level: The lowest level and is composed of sensors used to sense the environment and
actuators used to alter the environment. This level is connected through feedback control
loops.

• Machine level: Comprised the level where the device level is connected into a bigger system
using sensors and actuators to control a machine such as a robot. This level often uses
programs to define its tasks and operations with inputs from the device level.

• Cell or system level: Consists of groups machines to create a cell or system as a part of the
plant. Manufacturing lines are a part of this level. This the cell or system level is controlled
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by the plant level and feeds information down to the individual machines and to the plant
level while utilizing information from the adjacent levels as well.

• Plant level: Defines the automation of a whole factory or plant. This level receives infor-
mation/commands from the corporate/enterprise level and translates this into commands
to pass down the chain to individual systems in the plant. This level includes purchasing,
manufacturing planning, operation planning, shop floor control and quality control.

• Enterprise level: consists of the corporate information level. This is the level that connects
the whole enterprise spread across factories and connects them with sales and marketing,
accounting, research and development and master manufacturing planning.

These levels of automation are vastly different from a technological point of view but also an infor-
mation point of view in terms of what information is important for each level and not. Information
is shared through connected networks as seen by the arrows in Figure 14.

Terry Hill shows how explains how number of machines increase along with the progressive levels
of automation. (Hill, 2000)

Figure 15: Different Levels of automation and corresponding machine configuration
(Source: Own illustration based on (Hill, 2000))

Fixed automation works best when each operation is simple and low to none configuration is
required. Fixed automation is characterized by a high investment cost, high manufacturing rates
(10,000+) and relatively inflexible in terms of configuration and product variety. Examples of fixed
automation includes assembly lines and machine based manufacturing. (Groover, 2008)

Programmable automation is suitable for facilities with a low manufacturing quantity (1-100 units
per year). This quantity range is normal for batch manufacturing where the operation is changed
after each batch. In this case, the automated machine would be reprogrammed after each batch
operation. Although programmable automation still has a high investment cost, it caters to lower
manufacturing quantities than fixed automation which allows for a higher product bigger variation
of products. (Groover, 2008)

Flexible automation is a mix between the two previously mentioned extremes of automation. This
system allows for batches and single variety of parts and caters to a wide range of manufacturing
quantities.(Groover, 2008) Hill (2000) explains the key to flexible manufacturing automation is the
common integration of several machines or robots with a mutual area of operations where parts
and components can be transferred between the robots. Either through a physical spot where two
robots/machines can reach the same area or through an automatic transport system.
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Figure 16: Three types of automation relative to production quantity and product variety
(Source: Own illustration based on (Groover, 2008))

4.2.2 Reasons for automation

Many manufacturing operations has been automated over the years, reasons for automation are
many. Groover (2008) explain some of them as: Increased labor productivity through greater
output per hour of labor input. Reduced labor cost through elimination of employees who due
to globalization require higher wages which justifies the high investment costs of automation.
To mitigate the effects of labor shortages in many developed nations meaning automation is a
substitute for the lack of labor. To reduce routine manual and clerical tasks by removing human
labor from boring and monotone task leading to a better general working conditions. To improve
worker safety by introducing automated systems in hazardous environments that are dangerous
to humans. To improve product quality where automated processes are completed with greater
uniformity and conformity to quality specifications. To reduce manufacturing lead time leading
to better customer service and reduces work-in-progress inventory. To accomplish processes that
cannot be done manually such as precision work or heavy lifting. To avoid the high cost of
not automating has led many companies to automate since if they do not, they will fall behind
the competition. Automation often has many tangible benefits but can also lead to unexpected
and intangible results (Groover, 2008) . Crawson (2006) explains four benefits of automating an
assembly process: Reduced unit costs, consistent high quality, elimination of hazardous manual
operations, increased production standby capacity .
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4.3 Manufacturing in an organization

4.3.1 Processing and assembly operations

There are two types of operations for value-adding operations in a manufacturing process. These
are as mentioned processing operations and assembly operations. These operations are further
divided into sub-categories as seen below:

Figure 17: Classification of manufacturing processes
(Source: Own illustration based on (Groover, 2008))

Processing operations are operations that use energy to alter the physical shape, structure or ap-
pearance of an object. This is considered a value-adding-activity in manufacturing and supply
chain as a whole. These operations can be carried out by humans or be completed with machines
with human control input. While these processes produce waste, a goal in manufacturing is to
reduce waste as much as possible to keep costs low. As seen in the figure, there are three main
processing operations: Shaping processing, property enhancing and surface processing. Shaping
processes are further broken down into: solidification (where a liquid is hardened into a desired
shape), particulate processing (powder is pressed under pressure to create desired shape), defor-
mation processes (heating, bending, forging and extruding are examples), and material handling
processes (solid material is altered by removing material by drilling, turning or milling). Property-
shaping through heat treatment is used to alter the physical and material properties of the product.
Surface processing operations include cleaning (chemical and mechanical process to remove dirt,
oil and other containments. Surface treatment include sand blasting and diffusion. Finally coating
are used to apply a layer of material for protection or conduction. (Groover, 2008)

Assembly operations the process of joining or fastening two or more parts or components together to
create a function, shape or geometry. Joining operations are defined as welding, brazing and solder-
ing and adhesive bonding, and combines parts by merging components into each other where they
cannot be easily separated. Welding, brazing and soldering use heat to alter the parts and use the
melted material to connect the components. Mechanical fastening are split into threaded fasteners
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(nuts, bolts and screws) and permanent fastening (for example rivets and press fitting).(Groover,
2008; Crawson, 2006)

4.3.2 Material Handling and storage systems for manufacturing

During a products manufacturing phase, it is processed/assembled through several steps. This
requires transport between the machines, cells or manufacturing lines, by so-called material han-
dling systems. Material handling systems can be split into four categories according to Groover:
"loading units at each station, positioning the unit at each station, unloading the unit from the
station/machine, transporting work between stations or temporary storage" (Groover, 2008).

Loading, positioning and unloading are all operations where the part is moved from a temporary
storage to a machine or fixture. Temporary storage can be the in or out-stations for manufacturing
cells. The parts can come as individuals or in batches. The loading and positioning can either be
done manually or automatically. Manual operations are either performed by hand or by the help
of a lifting device. A fully automatic loading system often consists of for example an industrial
robot that does the lifting and positioning.

Transport between manufacturing cells or stations in a systems, can be done by for example
conveyors, that transport the parts from storage to processing machines, between operations or
from operation to storage. Manually parts can be lifted by hand which requires the part to be
light and easy to handle. Although today most manual transport is assisted by fork lifts, trucks or
similar. Many transport systems are automatic such as conveyors and automated guided vehicles
or manually done by trucks or rolling racks. The different systems have their positive and negative
sides. Properties that should be considered when a material handling system is chosen are: physical
state, size, weight, shape, condition, risk of damage and safety risk (Hagans, 1969).

4.3.3 Identification

During a products journey through processing, operations such as assembly it is important to keep
track of the whereabouts of the part in the supply chain. This can be done it several ways. The
most common today is through Automatic Identification and Data Capture (AIDC).

AIDC explains an automatic way of identifying parts or goods and their location. identification of
goods has traditionally been done through human vision and manual data entry such by papers or
typing into a computing device. This traditional way has a high error rate and takes longer time
than using automated solutions. Groover identifies three drawbacks of manual identification and
data entry: Entry and reading errors, time, which leads to the last factor of labor cost (Groover,
2008). Reduced time, less errors and no need for human interaction will reduce cost and time needed
to complete the operations. During manufacturing and its connected logistical entities, AIDC is
used for tracking and collecting data during shipping, receiving, storing, sorting, order picking
and kitting for parts for assembly. During manufacturing operations, AIDC allows for monitoring
the status of order processing, work-in-progress, machine utilization and worker attendance for
example. There are several technologies available for Automatic Identification and Data Capture
and can be divided into six categories (Groover, 2008):

• Optical: Optical technologies use vision based systems such as cameras or laser scanners to
scan a surface such as a bar or QR-code.

• Electromagnetic: The most commonly used electromagnetic technology is radio frequency
identification (RFID) that uses electrical tags and can be scanned through material from a
a distance.

• Magnetic: This technology is used in plastic access cards for example and reads the informa-
tion stored on the magnetic strip.

• Smart Card: Microchips the size of credit cards that hold large amount of information.
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• Touch technologies: Touch screens that require human interaction.

• Biometric: Is advanced technologies that use the human body such as your eyes, finger or
voice to identify information.

For manufacturing, optical and electromagnetic are the most common categories where bar codes
and RFID are by far the most dominating methods used (Hunt et al., 2007). Factors that are
important to consider when adapting AIDC technology is time to enter, measuring the time it
takes for the system to identify the code, error rate and equipment cost (Palmer, 2007).

4.3.4 Quality

As Quality is one of the two important trade offs to consider in manufacturing, it is a part of
any manufacturing system. Hill (2000) defines quality conformance (compliance to standards) as:
"providing products and services to specification and constitutes operations’ quality-related task".
Assuring quality is often done through inspections that will be discussed later. Groover (2008)
defines quality control as "detecting poor quality in manufacturing products and taking corrective
action to eliminate it". Two aspects of quality in manufacturing engineering must be considered:
product features, that considers the functional and aesthetic features of the manufactured product
and freedom from deficiencies, that functions and looks like it is supposed to do (Juran and Gryna,
1980). Traditionally quality control has been its own functional department, at the end of the
manufacturing line once the products are completed with one simple objective: eliminate defects.
In a modern view on quality control, the drive of quality control comes from top management
and is a continuous process to keep improving the products and processes to reach zero defects.
Inspections are done through the manufacturing process and quality is the responsibility of all
functions and departments, not just the quality department at the end of the line (Groover, 2008).
There are many theories and ways of improving quality, but another important aspect is how
product quality is assured in a manufacturing point of view, this is done through inspections.

Inspection

Groover (2008) defines inspection as: "means by which poor quality is detected and good quality is
assured". Groover (2008) also identifies two types of inspections: inspection for variables, where
quality characteristics are measured using an instrument or a sensors, and inspection for attributes,
where a choice is made if the product conforms with the standard, this is usually a yes or no
decision that can be based on results from inspection for variables. Traditionally inspections has
been done manually with a sampling inspection, although today more and more quality inspections
are carried out automatically with a 100% percent sampling. sampling inspection is when only
a certain amount of the quantity produced is inspected while 100% inspection, every part or
product manufactured is tested. Inspections can either be done on or off the line, where On-
line inspections are carried out as a part of the operations that takes place on the line. Off-line
inspections are carried out besides the main manufacturing line. Inspections performed through-out
the manufacturing process are called distributed inspections while the traditional way of inspection
at the end of the line is called final inspection. Automated inspection has recently been introduced
to reduce false positives and reduce cost of inspection while raising the quality of the overall process.
Automation can complete the full inspection process or just parts of it (presentation, examination,
decision) (Groover, 2008).

4.4 Manufacturing in a broader picture

While the manufacturing process is at the core of its business, it would not be able to sustain
without the support and communication of other departments and functions of the organization.
Groover (2008) explains the important connected departments of an organization to be: Business
functions, product design, manufacturing planning and manufacturing control.
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Figure 18: The information-processing cycle in a typical manufacturing firm
(Source: Own illustration based on (Groover, 2008))

Business functions

Business functions is considered any part of an organization that the manufacturing facilities con-
tinuously need to communicate with from start to finish, this includes logistical activities (ware-
housing, transport, deliveries, purchasing), the finance department along with the sales department.
This is further discussed in 3.2.2.

Product design

Without a product, there would not be any product to manufacture. The cooperation between
design engineers and manufacturing engineers is crucial to develop a manufacturing process for the
product. Hill (2000) defines two important aspects to consider while moving from design to process
phase: complexity of the product and volumes. These will be crucial to understand for when the
product is to be manufacturing to weight the quality vs cost. Crawson (2006) explains the way of
considering manufacturing in product design is called Design for Manufacturing (DFM) or Design
for Assembly (DFA) and has become an integrate part of the product design process.

Manufacturing planning

Groover (1980) say production/manufacturing planning consists of three functions: (1) deciding
which products to make, in what quantities, and when they should be completed, (2) scheduling
the delivery and/or production of the parts and products; and (3) planning the manpower and
equipment resources needed. Manufacturing planning is closely related to material planning. Hill
(2000) defines Material Requirement Planning (MRP) as a system that determines the final prod-
ucts and services (in terms of which ones and the volumes involved) an organization will provide
during a future period and then specifies the necessary operations input to that demand (Hill,
2000). The function and system of production planning might vary from organization to organi-
zation but the goal is the same, to make sure material is at the right place at the right time to
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ensure manufacturing can run at full speed.

Manufacturing control

Once the manufacturing plan is in place, the information is passed on to manufacturing control
which is split into three categories: shop floor control which is the physical movement, processing
and assembly of parts, inventory control such as warehousing is further explain in 3.2.1, and quality
control that includes inspections and to make sure the product lives up to the specifications put
forth by the product design team. Quality data is often saved and analyzed to address process
improvements.

Process planning

Once the design department has designed and tested a new component or a new product, it is ready
for manufacturing. For the operators to know what and how to create/assemble it. It is important
to have a specified standard and way of doing it, ensuring that the same process is completed every
time with a high quality. The development of the processes plan is often a collaboration between
the design and manufacturing department where several iterations are present. The concepts of
Design of Manufacturing (DFM) and Design of Assembly (DFA) are important aspects to consider
while designing a new product. DFM and DFA means that when designing a new product or
component, thoughts of how it will be manufactured or assembled are considered. The design
department can for example design the perfect and most optimized product, but if it can’t be
made at a reasonable price, it wont be sold. Therefore collaboration between departments are
important. (Groover, 2008)
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5 Industry 4.0

This chapter will cover topics surrounding Industry 4.0 and increased digitalization. First previous
industrial revolutions will be presented along with background of why the fourth industrial revo-
lution is emerging. Further on central features, core functions and key enabling technologies will
be presented. The chapter closes off with a concluding discussion about paradigm shift within the
manufacturing environment.

5.1 Industrial revolutions through time

With the ever accelerating pace of change, technological advances have driven dramatic increases
in industrial productivity since the dawn of the first industrial revolution (Rüßmann et al., 2015).
Beginning with the first industrial revolution, mechanical production through the invention of the
steam engine disrupted the manufacturing industries in the end of the 18th century. The second
industrial revolution is tinged by science through electricity and mass production facilities. With
the arrival of electronics and IT, the manufacturing was increasingly automated, making way for
the third industrial revolution. From the third industrial revolution, we are now standing on the
brink of the fourth industrial revolution. The four industrial revolutions and their place in time is
shown underneath in Figure 19.

Figure 19: The time line shows the four industrial revolutions and their place in time.
(Source: (Zhou et al., 2016))

As with the earlier industrial revolutions, the fourth is dominated by technical innovations (Kager-
mann et al., 2016). Industry 4.0 is characterized by the integration of Cyber-Physical Systems in
manufacturing and logistics processes and the use of the Internet of Things in industrial processes
(Leitao et al., 2016; Kagermann et al., 2016). In essence, the fourth industrial revolution will affect
the work organization, downstream services, business models and fundamentally impact how value
is created (Kagermann and Wahlster, 2013; Qin et al., 2016; Kagermann et al., 2016).

The vision of a new industrial age with the concept of a smart factory at its core, will result
in a paradigm shift in manufacturing (Rüßmann et al., 2015). The factories as we know them,
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with centrally controlled production hierarchy will be replaced by decentralized, self-organizing
and flexible production environments (Wang et al., 2016).

Firstly used at the Hanover Fair in 2011 (Drath and Horch, 2014), the term Industry 4.0 appeared
as a strategic initiative launched by the German government for securing the future of German
manufacturing industry. Since then, the concept of Industry 4.0 has gained increasing attention
from both governments, academia and industry around the world (Kagermann et al., 2016; Qin
et al., 2016; Pereira and Romero, 2017). In Europe in general the term "Industry 4.0", with roots
from the German strategic initiative, has risen as the common understanding of the concept and
the overall implications that it has. A similar initiative is seen in China and the United States,
where the Chinese has adopted the concept under the name "Made in China 2030" (Kagermann
et al., 2016). In the U.S the same initiative is currently being developed under the name "Industrial
Internet" (Kagermann et al., 2016). Other countries are also formulating strategic initiatives, such
as "Made in Sweden 2030" in Sweden and also in Spain with the similar approach as the Germans
(Leitao et al., 2016).

In common, is the understanding of the paradigm shift that these initiatives are implying. Though
it may be a fact that the fourth industrial revolution is on its way and in many ways already
happening, the argument of seeing the changes within society and industry as an evolution rather
than an revolution is also being made. This is due to the fact that the ongoing change will take
several decades, and also because the main elements that constitute the transformation already
exists and only will be developed further. In conclusion, one definition is certain - it will be an
(r)evolution towards digitalization (Kagermann, 2015).

5.2 Changing market demands

Westkämper (2013) lists several trends that are currently influencing not only the industry but our
society as a whole. For the manufacturing industry, three areas have been identified as key drivers
in the paradigm shift currently taking place.

Individualization, as a result of the ever increasing demand for customized products and services
are slowly becoming the new standard. The traditional benefits of mass production and economy of
scale is transforming to production and competitive advantage through the ability to pay attention
to the customer’s individual needs and wishes.

Volatility, defined as likely to change suddenly and unexpectedly, summarizes the current fluctuating
markets that all industries are subject to. To stay competitive, organizations must be able to cope
with the short cycled and fluctuating markets.

Sustainability, through efficient energy and resource supply is imperative for the modern industry.
To stay competitive industries must secure sustainable supply of raw materials and energy, and
continue to develop resource productivity and resource efficiency.

Even though the paradigm shift might be subject to other drivers as well, the listed areas above
summarizes the different aspects of the question "why" - when talking about industry 4.0.

5.3 Possibilities and Consequences

Industry 4.0 holds huge potential. Kagermann and Wahlster (2013) lists eight fundamental changes
that will come as a result of the transformation:

• Meeting individual customer requirements: In all phases of production; design, configuration,
ordering, planning, manufacture and operation, individual and customer-specific criteria can
be included. While still making a profit, one-off items and very low production volumes can
be produced with last-minute changes incorporated in the production process.
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• Flexibility: Dynamic configuration of business processes such as quality, time, risk, robust-
ness, price and eco-friendliness and continuous trimming of materials and supply chains.
Cyber-Physical systems and networks will allow engineering processes to be agile and changed,
while shortages can be compensated for in real-time.

• Optimized decision-taking: With end-to-end transparency in real-time, early verification of
design decisions and flexible responses to disruption, it will be possible to make optimized
decisions.

• Resource productivity and efficiency: In essence, industry 4.0 will deliver the highest pos-
sible output of products from a given volume of resources, which will enhance the resource
productivity. Also, particular outputs will be produced with the lowest possible amount of
resources, enhancing the overall efficiency. Across the whole value network, manufacturing
processes on a case-by-case basis will be optimized.

• Creating value opportunities through new services: With new ways of creating value, down-
stream services in the supply chain can be captured by startups and small-medium sized
companies. With smart algorithms, large quantities of diverse data can be recorded to de-
liver innovative services by these companies.

• Responding to demographic change in the workplace: With the interaction of humans and
technological systems, new forms for collaboration will turn demographic change to an ad-
vantage.

• Work-life-balance: With the overall flexibility of the future organizations, employees are
better placed for balancing private life and the professional development.

• A high-wage economy that is still competitive: Industry 4.0 holds huge potential for coun-
tries, industries and organizations, if investments are done to further the development of the
concept.

Even though the mentioned aspects listed above by Kagermann and Wahlster (2013) are widely
accepted, academia and industry are not yet fully agreeing upon the specific possibilities and con-
sequences of the concept "Industry 4.0". Yet, four main aspects address the future manufacturing
vision (Pereira and Romero, 2017; Qin et al., 2016) which is widely accepted:

• Factory: Within the future factory, all manufacturing resources are connected and share
information automatically. The smart factory of the future will be conscious and intelligent,
enabling it to predict and maintain processes and machines (Qin et al., 2016). This new
integrative real-time intercommunication will increase the manufacturing efficiency and allow
the meeting of highly complex market requirements (Pereira and Romero, 2017).

• Business: For business, a complete communication network will exist through the whole
supply chain (Qin et al., 2016; Pereira and Romero, 2017; Kagermann, 2015). In these
collaborative environments, (Kagermann, 2015) argues that there will be a shift from compe-
tition between individual companies to competition between corporate networks. Qin et al.
(2016) further this argument to involve individual optimization in real-time within each sec-
tion, resulting in the maximum profit for all cooperatives with the limited sharing resources.
This way, configuration in regards to demands and status of associated sections within the
network can be made without losses.

• Products: As a result of the smart factories and the collaborative functioning of supply
chains, products will be upgraded to so-called "smart products" (Pereira and Romero, 2017;
Qin et al., 2016). The products will monitor their own production, requesting the required
resources and control the production process autonomously (Pereira and Romero, 2017; Qin
et al., 2016). As a result of their autonomy, the smart products will be able to perceive and
interact with their environment over their whole life-cycle (Pereira and Romero, 2017; Qin
et al., 2016).

• Customers: Lastly, customers will be able to order whatever function of products in any
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quantity (Qin et al., 2016; Pereira and Romero, 2017). Also, changes during the production
process can be made by the customer, as everything through the supply chain is connected
in real-time. Lastly, the products will be able to communicate information and advice for
utilization (Qin et al., 2016; Pereira and Romero, 2017).

As a result of the mentioned aspects of the vision, the conventional approach to manufacturing is
turned on its head. As stated by Kagermann (2015):

"Products are uniquely identifiable, may be located at all times and know their own history, current
status and alternative routes to achieve their target state. Smart products actively support the man-
ufacturing process: the sheet of metal tells the machine how it should be processed. Autonomous,
distributed machines, robots, transport and warehousing systems that control and configure them-
selves in accordance with the needs of the current situation negotiate with each other to establish
who has spare capacity at any given moment. Smart factories are vertically linked to the operational
processes of individual factories and companies while being horizontally linked to value networks
that stretch across the entire globe, incorporating everything from ordering to delivery."

The following sections of the chapter will outline the central features of the concept Industry 4.0
as well as detailing the underlying technologies and functions, enabling the realization of the vision
mentioned above.

5.4 Three Arcs of Integration

At its core, Industry 4.0 brings together the physical and the digital world through the Cyber-
Physical Systems and with the use of Internet of Things. The increasing digitalization and au-
tomation together with increased communication made possible by the creation of the digital value
chain, describes the shift in the manufacturing environment (Pereira and Romero, 2017). Kager-
mann and Wahlster (2013) lists three overarching principles of integration as the main features of
the concept.

5.4.1 Horizontal Integration

The horizontal integration through value networks, refers to the integration of various IT-systems
used in the different stages of the manufacturing and business planning processes that involve
an exchange of materials, energy and information both within a company and between several
different companies (Kagermann and Wahlster, 2013). The focus on horizontal integration is on
the inter-company integration that builds on integration across the supply chain network.

Figure 20: The figure illustrates the horizontal integration through value networks.
(Source: (Kagermann and Wahlster, 2013)
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5.4.2 Vertical Integration

The vertical integration and networked manufacturing systems, refers to the integration of the
various IT-systems at the different hierarchical levels (e.g. the actuator and sensor, control, pro-
duction, management, manufacturing and executing and corporate planning levels) (Kagermann
and Wahlster, 2013). In other words integration should take place through all levels of hierarchy.
This stretches all the way from sensors up to corporate planning levels.

Figure 21: The figure illustrates the vertical integration and networked manufacturing systems.
(Source: (Kagermann and Wahlster, 2013)

5.4.3 End-to-End engineering

Together with the horizontal and vertical integration, the end-to-end digital integration of en-
gineering reaches across the entire supply chain through the product. Thus, the digital and real
worlds are integrated across a product’s entire supply chain, across multiple companies at the same
time as incorporating customer requirements. (Kagermann and Wahlster, 2013)

Figure 22: The figure illustrates the end to end digital integration of engineering across the
entire supply chain.

(Source: (Kagermann and Wahlster, 2013)

5.5 Key enabling technologies

The previous sections explain the concept of Industry 4.0 through digitalization of the manufac-
turing environment to meet the changing market demands. This section introduces the central
technologies to enable central features such as horizontal, vertical and end-to-end integration, to
exploit the full possibilities and consequences of Industry 4.0. These technologies are not necessar-
ily revolutionary by themselves, but the increase of computing power and its decreased cost has
allowed wide applications of these technologies in manufacturing organizations.

31



5 INDUSTRY 4.0

The authors have identified seven different technologies that will be considered key enabling tech-
nologies for a manufacturing organization with heavy manual assembly. These will be further
explained below Figure 23. The technologies are: Cyber-Physical Systems, Internet of Things,
Smart Objects, Additive Manufacturing, Collaborative Robots, Augmented Reality and Big Data
and Analytics. The figure below visualizes the different technologies while the rest of the chapter
explains the technologies in detail.

Figure 23: Key Enabling Technologies.
(Source: Own illustration)

Cyber-Physical Systems

There are many definitions of what a Cyber-Physical System (CPS) is, here are some of them:

Lee et al. (2015) defines a Cyber-Physical System as: "transformative technologies for managing
interconnected systems between its physical assets and computational capabilities."

Zhou et al. (2016) explains Cyber-Physical System to be: "The CPS connects all physical devices
to the Internet, and incorporates five functions: computing, communications, precision control,
coordination and autonomy"

Lee (2008) Defines a Cyber-Physical Systems (CPS) that: "are integrations of computation with
physical processes. Embedded computers and networks monitor and control the physical processes,
usually with feedback loops where physical processes affect computations and vice versa."

And Kagermann and Wahlster (2013) through the German strategic initiative INDUSTRIE 4.0:
"In the manufacturing environment, these Cyber-Physical Systems comprise smart machines, stor-
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age systems and production facilities capable of autonomously exchanging information, triggering
actions and controlling each other independently."

These definitions capture the main principles of a CPS; it connects the physical entities through
a connected software network that allows communication between the physical objects. The con-
nectivity of these cyber entities allows them to take control and negotiate with each other and
communicate directly rather than going through a central system. (Drath and Horch, 2014).

Drath and Horch (2014) also defines three levels (visualized in Figure 24) of a CPS that needs to
be in place for a CPS to be fully functional: (1) physical objects, (2) data models of the mentioned
physical objects in a network infrastructure and (3) services based on the available data.

Figure 24: Three levels form a CPS in Industry 4.0
(Source: (Drath and Horch, 2014))

While the technology for Cyber-Physical Systems (CPS) has been around for a while, and to some
extent implemented in embedded systems today, a fully connected factory is still to be implemented
(Wang et al., 2015). Zhong et al. (2017) explains the difference between a traditional embedded
system and a Cyber-Physical System is where the CPS contains networked interactions that are
designed and develop with physical input and output, along with their cyber-twined services such
as control algorithms and computational capabilities. A driver explained by Pereira and Romero
(2017) is the use of CPS in a manufacturing environment will allow the vertical and horizontal
integration of systems throughout the supply chain explained in Chapter 5.4. A by creating
Cyber-Physical systems through embedded systems and interconnected physical objects, another
important aspects of Industry 4.0 is born, namely, the Internet of Things.

Internet of things

The Internet of Things (IoT) is an explanation of the vast connected objects and items that are
continuously being connected to the internet. The last 10 years, the amount of devices or things
connected to the internet has increased drastically and exceeded the human population, reaching
8.5 billion in 2017 (Tung, 2017). The Internet of Things is a new concept but is moving to become
an important role of future communications and especially the communication of connected Cyber-
Physical Systems. Following are a couple of definitions of the Internet of Things:

Saint-Exupery (2009) defines the Internet of Things as "a dynamic global network infrastructure
with self configuring capabilities based on standard and interoperable communication protocols where
physical and virtual “things” have identities, physical attributes, virtual personalities and use intel-
ligent interfaces, and are seamlessly integrated into the information network."

Zhong et al. (2017) refers to IoT as "an inter-networked world in which various objects are embed-
ded with electronic sensors, actuators, or other digital devices so that they can be networked and
connected for the purpose of collecting and exchanging data."
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Zhou et al. (2016) explains the vision that things will be able "talk" to each other enabled by
more developed network communication technologies and blending the physical and virtual world
creating the Internet of Things.

Connecting things can be done in various ways, for example through RFID, GPS or infrared
sensors. Once connected, exchange of information through communication networks enable intel-
ligent identification, location, tracking monitoring and management (Zhou et al., 2016). Pereira
and Romero (2017) mentions several technologies such as: sensors, actuators, control systems,
machine-to-machine, data analytics, and security mechanisms to improve the modern industrial
systems that collectively has coined the term Industrial Internet of Things which is an extension of
the Internet of Things into the industrial world with close connection to Cyber-Physical Systems
(Civerchia et al., 2017). Khodadadi et al. (2016) defines Internet of Things as: "The fact that
machines can perform specific tasks such as data acquisition and communication more accurately
than humans has boosted IIoT’s adoption. Machine to machine (M2M) communication, Big Data
analysis, and machine learning techniques are major building blocks when it comes to the definition
of IIoT.". In recent years, the cost of sensors, data acquisition systems and computer networks has
drastically decreased (Lee et al., 2015) which might explain the huge spike in connected items as
mentioned earlier. Lee et al. (2015) continues to connect the vast amount of data of data gathered
by these sensors and systems has exponentially increased and caused a new phenomenon: Big
Data.

Big Data and Analytics

Big Data is a term used to explain large amounts of data that is gathered from various sources.

Wu et al. (2017) explains three attributes that define big data through:

• Volume: which means the incoming data stream and cumulative volume of data

• Variety: which signifies the variety of incompatible and inconsistent data formats and data
structures

• Velocity: which represents the pace of data used to support interaction and generated by
interactions

Zhong et al. (2017) explains manufacturing big data as shop-floor analytics through sensors and
advanced analytics techniques are critical for uncovering hidden patterns, unknown correlations,
market trends, customer preferences and other useful business information. By gathering data
through object identification as mentioned in Chapter 4.3.3 by technologies such as RFID, data
can continuously be gathered. This data will consist of location and time stamps, that can be
analyzed and used for optimization of routing for example.

Although the gathering of Big Data as a result of IoT, CPS and connected systems, the data is
useless without a way of analyzing it and using the result to improve operations. As explained
above, Big Data is the result of the gathering of large amount of data from various sources such
as operations. New ways of analyzing these massive amounts of data is underway through Neural
networks and artificial intelligence. Delen and Demirkan (2013) has identified three different levels
of analytics that will be useful in an manufacturing environment:

• Descriptive Analytics: This is the first level of analytics where data collected is used to
describe "What has happened?" and is considered a reactive way of analyzing problems
based in information gathered.

• Predictive Analytics: The second level of analytics which is considered the forecasting phase.
Artificial intelligence is used to create accurate models for scenarios that might happen. This
level answers the questions of "What will happen?" and "Why will it happen?".

• Prescriptive Analytics: The third level of Big Data analytics where the goal is to provide
business value through better strategic and operational decisions by providing advice to high
executives of the company. This level analyzes data, describes possible scenarios and its
outcomes answering the questions "What should I do?" and "Why should I do it?.

34



5 INDUSTRY 4.0

A first pre-requisite to achieve such analytics is gathering data as mentioned earlier through Internet
of Things and Cyber-Physical Systems for example. Manufacturing organizations today is often
built up by several legacy systems (old sub-optimized IT-systems) that do not communicate with
other operational functions, and especially not other enterprises. Types of analysis of gathered
data may include: predictive maintenance, quality prediction, production and material planning
optimization along with advanced forecasting, sales prediction, energy use prediction and optimize
machine productivity. (Xiang et al., 2018; Lee et al., 2014)

As any new technology, obstacles are present before successful implementation can be achieved.
Lee et al. (2014) discusses issues connected to implementing and utilizing big data analytics to its
full effect and has categorized these issues into five distinct categories: (1) Manager and operator
interaction where responsibilities are split and communication lacking and operators control the
machines and managers design schedules and plans. (2) Machine fleet analytics, where todays
analytics and prediction are focused on one machine due to the different environmental factors
on the machines, analytics for a whole machine fleet is made difficult. (3) Product and Process
Quality feedback loops does not exist where feedback from end-of-line quality inspections can be
used to predict faults earlier and increase overall quality. (4) Big Data and Cloud: Utilizing cloud
and cyber space capabilities to fully adapt self-aware and self-learning machines is critical. Further
research into the area of data management and distribution of data in a big data environment.
(5) Sensors and Controller Network: Reliability of sensors used to gather information is crucial to
acquiring correct and accurate readings. Although research is underway to solve these issues, they
are important to understand when dealing with big data analytics. Xiang et al. (2018) has also
identified several problem areas that needs to be considered where one is how current management
and old systems needs to be restructured or replaced. Since todays data sources are so diverse and
legacy systems are all over the place, data inconsistency and incorrect data exists. It is further
detailed how this disconnect of systems causes problems for integration across departments such as:
design, material, finance and external suppliers. Secondly, another problem is building incentives
for organizations and its departments to share their data with each other.

Smart objects

Smart objects are products that are connected to a network either through design or by adding a
micro-chip or embedded systems (such as RFID) to enable the object to perform certain functions
as explained below. Fortino et al. (2017) explains smart objects as: "Smart Objects are able
to provide highly pervasive Cyber-Physical services to both humans and machines thanks to their
communication, sensing, actuation, embedded processing and even reasoning abilities". Smart
connected products can be divided into four different categories in terms of product capabilities
(PTC, 2017):

• Monitor: sensors and external data sources enable monitoring of the product’s condition,
operation or external environment to generate alerts and actionable intelligence.

• Control: Software built into the product enable control and personalization.

• Optimize: Monitoring and controlling capabilities enable optimization algorithms to enhance
product performance and perform remote services and repair.

• Automate: Combination of monitoring, controlling and optimization capabilities enhanced
with software algorithms and business logic allows the product to perform autonomously.

Thiesse and Michahelles (2010) defines three different dimensions of smart objects in terms of what
they can achieve:

• Awareness: A smart object’s ability to understand (that is, sense, interpret, and react to)
events and human activities occurring in the physical world.

• Representation: Refers to a smart object’s application and programming model — in partic-
ular, programming abstractions.
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• Interaction: Denotes the object’s ability to converse with the user in terms of input, output,
control, and feedback.

To enable smart products, the implementation of embedded computer chips in products is a key
enabler, an implemented computer system in components included already at the manufacturing
stage will allow agent-technology to be present as a part of a Cyber-Physical System (Leitao
et al., 2016). Leitao et al. (2016) goes on to explain cases where smart agents has been successfully
implemented in manufacturing enabling smart manufacturing and smart logistics for manufacturing
control and real-time tracking for example. Vasseur and Dunkels (2010) goes on to support the
application of smart objects lies in the inter-connectivity to enable self-* behaviors.

Additive manufacturing

Gebhardt and Hötter (2016) defines additive manufacturing (AM) as:"Additive manufacturing
creates the desired shape by adding material, preferably by staggering contoured layers on top of
each other. Therefore it is also called layer (or layered) technology". 3D-printing has also gained
traction lately as a name for AM. While additive manufacturing adds material to the product,
the traditional way of manufacturing parts is to remove material to achieve the desired shape.
Traditional manufacturing operations is explained in Chapter 4.3.1.

Gebhardt and Hötter (2016) also outlines characteristics of additive manufacturing to include:

• There are no product-related tools necessary and consequently no tool change

• The material properties of the part are generated during the build process

• The parts can be built in any imaginable orientation. There is no need for clamping

These characteristics lead to several benefits of additive manufacturing over traditional manufac-
turing. Ustundag and Cevikcan (2018) outlines several advantages and disadvantages to additive
manufacturing:

Advantages

• Decrease in waste due to the addition of material rather than removal, AM also allows for
the re-use of excess material.

• Increase in time due to the reduction of time used for prototyping.

• Production flexibility because it requires one process instead of the traditional severals steps
processes. AM also eliminates the operators effect on product quality.

• Increase in variety due to the increase in available geometry that can be manufactured at a
low cost compared to earlier.

• Few constraints in geometry, anything that can be designed in CAD can be manufactured.

Disadvantages

• Dimensions limitation as most AM processes uses liquid polymers or powder materials to
create layers, due to low material strength, large size parts cannot be manufactured.

• Rough surface finish due to the nature of creating layer by layer resulting in imperfect surface
finishing

• Mass production due to AMs low speed for manufacturing one part.

Collaborative robots

Collaborative robots (Cobots) are adaptable, flexible industrial robots that can work in synchrony
with humans. Over 90% of all assembly operations in the Swedish industry is done manually
(Berglund et al., 2016). This often depends on product variety and complexity of the assembly.
Traditional industrial robots are great for high volume, low variety automation. High complexity
is also a challenge for automation, where increased complexity traditionally means lower degree of
automation (Schröter et al., 2016). Cobots have the possibility to fill the gap between the fully
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automated tasks and the tasks where automation is possible, but traditional robots are too rigid
for or too expensive due to their high investment cost. Collaborative robots are equipped with
a high variety of sensors to sense its environment, allowing them to work in cooperation with
humans. Malik and Bilberg (2017) explains scenarios where the Cobot increases ergonomics for
the operators as well as assist them through lift assist, pickup of items or even assembles parts
for or together with the operator. Equipped with advanced sensors, the traditional safety gates of
industrial robots become obsolete, assistance from the robot can happen in close proximity of the
operator, and force sensors even allowing the human to steer the collaborative robot arm.

Augmented reality

Augmented reality (AR) is a way adding a layer of virtual information to the physical world.
AR allows human to explore more than that of their five senses perceive. The main aim of AR
is to enchance a humans perception about the environment by overlaying additional computer
generated visual informaton onto the vision of the user through specific devices, such as a camera
of a smartphone, head-mounted displays (HMD), projection devices etc. The way of superimposing
virtual information as another layer allows operators to access information added to the vision of
the user. There are three properties that define AR: presenting virtual and real objects together in
a real environment, allowing interaction with virtual and real objects in real time and registering
(aligning) virtual objects with real objects. This information can be used to assist the user in real
life to complete a specific task. (Esengun and Gokhan, 2018)

Wiedenmaier et al. (2003) explains four hardware components that exists in an AR system: (1) a
computer, (2) a display device, (3) a tracking device and (4) an input device. The display devices
used to show information can be either a see-through Head-Mounted Display (HMD), which the
user wears on his head, a Hand-Held Display (HDD), such as a tablet or a smart phone, or Spacial
Displays (SD) which is designed using several projectors (Esengun and Gokhan, 2018). There
are great opportunities for AR-applications in manufacturing to mainly reduce errors. Process
planning is widely utilized in paper form and operators need to step away and change focus from
their position if they need to check something. These drawings or assembly steps are often updated
frequently causing outdated plans. An implemented AR-technology can provide real time updates
of process plans and such to increase quality of life for operators while reducing time spent checking
drawings which also reduces cost and increases quality of the assembled product. Wiedenmaier
et al. (2003) says that AR for assembly applications can aid an operator during the physical
assembly phase to enhance instructions and process plans in real time and in the field of view of
the operator. Ong et al. (2008) has identified that integration between design, planning, assembly
and maintenance departments of an organization and allowing for real-time information exchange
is required to reduce production time and cost as well as allowing massive customization of the
products according to the needs of the customer.

5.6 Core functions

Interoperability and consciousness are defined as the two main design principles of Industry 4.0
according to Qin et al. (2016). These functions will be enabled by the key enabling technologies
discussed above. Achieving interoperability and consciousness are requirements and should be a
central in a fully digital factory. The two core functions are defined below.

Interoperability is defined by Oxford as "The ability of computer systems or software to exchange
and make use of information". Qin et al. (2016) explains the core idea of interoperability to be
integration, which is also a key point in Cyber-Physical Systems and Internet of Things. The three
types of integration, vertical integration, horizontal integration and end-to-end engineering and are
explained in further detail in Chapter 5.4. Interoperability includes sub-concepts such as digital-
ization, communication, standardization, flexibility, real-time responsibility and combustibility.

Consciousness is defined by Oxford Dictionaries as "The state of being aware of and respon-
sive to one’s surroundings". Qin et al. (2016) also defines the other main principle of Indus-
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try 4.0 along with interoperability to be consciousness which is defined by sub-concepts of pre-
dictive maintenance, decision making, intelligent presentation, self-aware, self-optimization and
self-configuration.

Lasi et al. (2014) further strengthens the argument where the concept of Industry 4.0 is based
on "where products tend to control their own manufacturing processing" leading to a more de-
centralized manufacturing system structuring allowing systems to be self-configurable and control
themselves through self-aware products that are aware of their environment and can monitor, con-
trol, optimize and automate as mentioned above. Lee et al. (2015) presents a range of various
self-* attributes at component level: self-aware and self predict that allows degradation monitoring
& remaining useful life prediction. Machine level: self-aware, self-predict and self-compare that al-
lows up time with predicative health monitoring of itself. Production system level where attributes
include self-configure, self-maintain and self-organize to allow worry-free productivity.

5.7 Implementation

To enable the three different integrations mentioned in Chapter 5.4 that are enabled by the tech-
nologies and core functions, a plan has to be set fourth. A revolution such as Industry 4.0 does
not happen over night and takes time and investments to be successful. Following are a couple
of theoretical frameworks for implementation of digitalized technologies to move towards Industry
4.0 Although these models are methods for implementation, they are not the methodology for this
study. The methodology can be found later in Chapter 7.

5.7.1 5C Model

To achieve a successful implementation of key enabling technologies towards Industry 4.0 and
achieve desirable core functions of a conscious system with full interoperability it is important to
realize a way there. Lee et al. (2015) has developed a 5-level Cyber-Physical System structure
(named 5C). The architecture provides a step-by-step guide for the implementation of a CPS in a
manufacturing system. This guide is based on the difference in attributes and technologies between
todays factory and Industry 4.0 as seen below.

Table 1: Comparison of today’s factory and an Industry 4.0 factory
(Source: (Lee et al., 2015))

Lee et al. (2015) distinguishes from todays factory compared to the factory of the future by pointing
out a difference in attributes, where the Industry 4.0 is heavily influenced bu self-* attributes. Lee
et al. (2015) goes on to distinguish functions and attributes at different levels of the 5C model on
a road towards a fully digitalized configuration level factory as seen in Figure 25.
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Figure 25: 5C architecture for implementation of Cyber-Physical Systems
(Source: (Lee et al., 2015))

The above figure consists of five levels that must be achieved to develop a CPS-based factory (Lee
et al., 2015):

• Smart Connection level: considers the connection of machines and their components to ex-
tract reliable data from sensors or control systems. This collection of data must be be built
around a tether-free communication of sensor networks.

• Data-to-Information level: aims to utilize the gathered data from level I. The data should be
made into useful information, which is currently done through algorithms. This information
can be used to calculate for example health value or estimated remaining life time bringing
self-awareness and self-prediction to systems and machines.

• Cyber level: acts as the connection between different machines, components and systems in
the Cyber-Physical System. The communication of cyber entities through a cyber system
allows for self-comparison between machines. Shared analytics from the data-to-information
level will allow machines to compare themselves to other machines in the system along with
historical information creating a fleet of connected machines.

• Cognition level: utilizing the previous cyber connection of machines and sharing of infor-
mation to create a decision system where both humans and machine is involved. This level
prioritizes and optimizes the decision of the system based on information shared, gathered
and analyzed in previous steps.

• Configuration level: is the level that encapsulates the previous levels and takes actions for
configuration possibly through its own decisions making the system self-configurable to meet
the demands on the system based on data collected and analyzed. This level also includes
human interaction for supervision and decision making.
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5.7.2 Categorical framework

Qin et al. (2016) has developed a categorical framework of manufacturing for Industry 4.0 and
beyond by reviewing todays manufacturing systems such as fixed and flexible systems as described
in Chapter 4.

Figure 26: A categorical framework of manufacturing for Industry 4.0 and beyond
(Source (Qin et al., 2016))

In Figure 26, Qin et al. (2016) connects three intelligence levels with three automation levels as
a roadmap towards a Industry 4.0 ready factory. The levels are classified from low-intelligence to
high-intelligence:

• Control level include programmable logic controlling, computer numeric controlling and prob-
ability statistic analysis and are used to replace manual labor to increase production efficiency.

• Integration level including IoT and CPS-technologies that connects the physical world with
a cyber world enabling digital-twins. The connection allows data collected from sensors and
processes to be analyzed and used for operations improvements.

• Intelligence level uses information gathered and analyzed at the integration level to make
decisions through data mining and big data analysis (Chapter 5.5). This level allows the
system to self-optimize, self-configure and become self-aware.

The above intelligence levels stretches across the different automation levels allowing the control,
integration and intelligence levels to applied at different scopes of an operation. The automation
level is split into three: machine level, process level and factory level. Qin et al. (2016) continues to
connect the nine different intelligence applications that are created from combining the intelligence
and automation levels as visualized in Figure 26. This model is created for a manufacturing system
for simpleness, it could also be applied for a whole supply chain. These applications go from (I)
low intelligence and simple-automation to (IX) high intelligence and complicated-automation where
IX is the level closest to a Industry 4.0 ready-factory utilizing full intelligence across the whole
automated factory.

5.7.3 Digital Supply Chain Maturity

Strategy& has has developed four levels of supply chain maturity towards a digital supply chain
(Schrauf and Berttram, 2016). To reach these levels, visualized in Figure 27, organizations has to
set fourth a clear strategy based on the organizations operations and business models along with
digitized business models and platform available on the market. Once the strategy is determined,
Schrauf and Berttram (2016) has identified five key capabilities needed to carry it out and are as
follows:
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• Processes: Establish the new end-to-end processes connecting suppliers and customers that
digitization makes possible, such as how to collaborate on cloud-based platforms.

• Organization and skills: Generate an end-to-end understanding of the mechanics of the value
chain. The means switching from a firefighter mentality, solving each problem as it pops
up, to becoming a supply chain "orchestrator" - seeing, managing and optimizing the entire
supply chain. Achieving this will also require a shift to an open, fast learning digital culture
that promotes communication across different media, programs and user groups. Develop
the talent and expertise needed to build the technology and carry out the new supply chain
operations.

• Performance management: Develop a set of straightforward business rules covering the man-
agement of the supply chain, and the key performance indicators needed to measure outcomes.

• Partnering: Focus on boosting your ability to partner with other companies, as the fully
integrated supply chain cannot be built without collaborating with a wide variety of suppliers,
distributors and technology providers.

• Technology: Devise a road map for the many technologies, old and new, that will underpin
the digital supply chain, including the information integration layer, database and analytics
capabilities and the cloud.

Once these capabilities are assessed, for the organizations to carry out a developed strategy, a
starting point is important. Schrauf and Berttram (2016) has identified four levels of a digital
supply chain. These levels (Figure 27) are integration across their supply chain, both internally
within the organization and externally towards suppliers and customers. The process leads through
four stages of maturity (Schrauf and Berttram, 2016):

• Digital novice: These companies have yet to embark on the journey. Their supply chain
processes remain discrete, carried out by individual departments and business unites.

• Vertical integrator: Companies at this stage have managed to integrate their supply chain
processes internally, across departments and functions.

• Horizontal collaborator: Here, companies have learned to work with their supply chain part-
ners to set business goals, define and carry out common processes, and achieve a fair degree
of transparency into the chain.

• Digital champion: These companies have achieved the highest level of collaboration with
partners and transparency into operations, while developing mutually beneficial processes
and analytical techniques for optimizing the entire supply chain.
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Figure 27: The four stages of Supply chain management maturity
(Source: Own illustration based on (Schrauf and Berttram, 2016))

Schrauf and Berttram (2016) continues to draw a way towards a digital supply chain by becoming
a Digital champion (Figure 27) by providing a road map to reap the full benefits of a digital supply
chain integrating the key capabilities mentioned above. The steps in the road map are as follows
(Schrauf and Berttram, 2016):

• Understanding your starting position: Understand your current maturity based on the ma-
turity model (Figure 27) and identify areas for improvement.

• Define your strategy: Choose the target maturity and vision that best supports your business
strategy.

• Develop the appropriate road map: Decide on necessary implementation steps and include
them into a detailed road map.

• Deploy small pilots with end-to-end scope: Many applications that make up the digital
supply chain represent a radical change for most organizations, so companies should first
carry out smaller pilots that showcase benefits and help develop the right capabilities. These
sprockets should aim at testing the end-to-end flow for a specific supply chain, rather than
implementing a limited set of technologies on a broader scale.

• Segmented roll out and capability development: The roll out should start with those supply
chains where expected benefits are the highest. The capabilities need to evolve along with
the roll out.

No organization has reached the highest level of maturity (Digital champion in Figure 27), but or-
ganizations are working to get there because of the advantages they will have over their competitors
through new business models and increased revenue streams (Schrauf and Berttram, 2016).
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5.8 Paradigm shift in logistics and manufacturing

5.8.1 Technological Paradigm shift

Through digitalization, the way logistics and manufacturing are carried out today will differ greatly
in the years to come. Technological paradigm shift was originally defined by Kuhn et al. (1970)
in his book "The Structure of Scientific Revolutions" and has laid the groundwork in the field of
scientific revolution research. Kuhn explains that scientific change is mostly driven through revo-
lutions rather than continuous small improvements. Dosi (1982) in his paper defines technological
paradigm as "’model and a ’pattern’ of solution of selected technological problems based on selected
principles derived from natural sciences and on a selected material technologies". This definition
explains how a shift happens once a problem is solved through the application of technology. Al-
though the industrial revolution upon us will create a paradigm shift, it is not caused by any
specific problems, but rather a set of challenges explained in Chapter 5.2.

Tenerowicz and Fischer (2011) explains the two most important features for achieving higher
productivity in the digital era as: decentralization and autonomy. The technologies mentioned
in Chapter 5.5 are ways of achieving this by replacing the current central control systems with
Cyber-Physical Systems. The connectivity made possible by the Internet Of Things, will allow
decentralization of the control systems and its decision making, causing individual components to
make their own choices and become their own decision maker.

The decentralization of decisions will cause a shift away from todays central IT-system solutions to
agent based IT-platforms and will require a revamp of many companies IT-platforms. The enabling
of individual decision makers through a decentralized network will further allow autonomy in the
system (Uckelmann et al., 2011). Instead of a central control unit making all decisions in a system,
the individual smart objects will be able to navigate themselves through the most optimal route
to be manufactured and become a finished product. This will lead the way for more flexible and
highly re-configurable systems compared to todays often rigid, complex and fixed manufacturing
systems.

The different types of integration discussed in Chapter 5.4 will be the enablers for this type of
decentralized setup. It will not only allow products to make their own way through logistics and
manufacturing but change the way business is conducted. Qin et al. (2016) explains that increased
integration will allow for more optimization across the supply chain through self-organization and
real-time availability of data. The fourth industrial revolution is triggered by the accumulation
of several technologies rather than one defining technology and is possibly what causes it to be a
revolution and not a steady improvement of factories through technological improvements. This
is how Kuhns’ theory of paradigm shift is relevant and that the fourth industrial revolution is in
fact a revolution, and not several incremental changes.

5.8.2 Logistics 4.0

Logistics 4.0 in the context of logistics management and industry 4.0 encapsulates the shift of
logistics into the CPS and IoT-based environment within organizations. As a result, logistics 4.0
aims to detail the paradigm shift described above and the direct linkage to supply chain logistics,
in the context of Industry 4.0.

With Industry 4.0, collaboration between suppliers, manufacturers and customers increases (Tjahjono
et al., 2017). As a result, it is important to increase the transparency between order dispatch and
the end of the life cycle of the product (Tjahjono et al., 2017). Barreto et al. (2017) argues that
inbound and outbound logistics must adapt to the changing environment, and that its increasing
complexity cannot be handled with ordinary planning and control practices. Defining logistics
4.0, Barreto et al. (2017) refers to the combination of using logistics with the innovations and
applications added by CPS. Hofmann and Rüsch (2017) furthers this definition to encompass two
dimensions:
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• Physical supply chain dimension: Self-controlled, autonomous logistics sub-systems like trans-
port (e.g. autonomous trucks), turnover handling (e.g. piece picking robots) or order pro-
cessing (e.g. smart contracts on the blockchain technology) are interacting among each other.

• Digital data supply chain dimension: Data from machines and sensors are collected from
the "physical thing" along the entire physical end-to-end supply chain. Through the use of
a connectivity layer the data provides any kind of analytics, possibly resulting in potential
value-added business services.

From these dimensions, Hofmann and Rüsch (2017) identifies three customer value components.
The first, value of availability, is based on the availability of products and services through au-
tonomous delivery. The second, value of digital integration, consists of the transparency and
traceability throughout the whole supply chain. The third and last component is the value of
digital servitization. With this, value is prolonged way beyond the classical point-of-sale (Hofmann
and Rüsch, 2017). These value-adding components as well as the previously discussed dimensions
of logistics 4.0 is illustrated below in Figure 28.

Figure 28: The figure illustrates logistics 4.0.
(Source: (Hofmann and Rüsch, 2017))

Enabling this efficient, agile and customer-focused paradigm shift, is the digitalization across the
whole value network. As previously described, the levels of integration with the support of IT-
based systems enables logistics as well as the whole supply chain to become decentralized and
autonomous. Hence, the arrival of the digital supply chain. The traditional, linear model of a
supply chain network will be replaced by a integrated supply chain network where the siloed steps
taken through marketing, product development, manufacturing and distribution will be taken down
(Schrauf and Berttram, 2016). As a result, it is important to understand the role of logistics within
the new ecosystem, where the supply chain is fully integrated and completely transparent for all
players involved.

Described in Chapter 3.2, the main logistics activities remains the same in logistics 4.0. As shown
in the figure by Hofmann and Rüsch (2017), materials and information still flows across the value
chain, from supplier to consumer. Though the activities might still exist, the way they are carried
out in the context of Industry 4.0 is greatly different. Schrauf and Berttram (2016) lists integrated
planning and execution systems, logistics visibility, autonomous logistics, smart procurement and
warehousing, spare parts management as key areas of focus for the realization of the integrated
ecosystem.
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5.8.3 Manufacturing 4.0

The fourth industrial revolution will drastically change todays factories in terms of new key-
technology, connectivity and self-configuration. Pereira and Romero (2017) explains how three
main points will lead the way for a paradigm shift towards Manufacturing 4.0: (1) digitization of
production, (2) automation, (3) linking the manufacturing site in a comprehensive supply chain.
This paradigm shift will help factories move from mass production to mass customization and
meet the change in market demands. This paradigm shift is led by the introduction of several
key-technologies, mainly Cyber-Physical Systems. Merging a traditional production system with a
Cyber-Physical System will enable the use of Cyber-Physical Production Systems (CPPS). A CPPS
will be enabled by the technologies such as CPS, IoT and smart objects. This will drastically change
the way manufacturing is handled in an Industry 4.0 environment. By implementing a CPPS for
example based on the 5C model (discussed in Chapter 5.7) a factory will be self-configurable, self
maintainable enabling zero downtime production, optimized production planning and inventory
management. (Lee et al., 2015)

The connection of physical objects as the production systems and the objects they produce to
the cyber world will allow decentralized communication that will completely revamp the way
factories work. The operations and processes that happen today will remain the same, but the
communication horizontally across business functions and vertically through hierarchy levels will
change and allow for new possibilities mentioned in Chapter 5.3. Self-configurable factories will be
able to instantly meet a change in demand. Instead of costly reconfigurations of the factory floor,
CPPS, smart objects and their consciousness will perform this task themselves to meet a change
in demand. Although self-aware and self-configurable machines and robots will be at the heart of
the 4.0 factory, human operators will still play a crucial part. Pereira and Romero (2017) explains
how the paradigm shift will affect all parts of the manufacturing operations, the human operators
will face a large variety of new tasks requiring higher skilled workers to fulfill a different set of
tasks than today.

Traditionally, an organization can be seen as divided into functional silos as mentioned by Hammer
(2001). Especially the manufacturing business function is seen as an individual part of the value
chain and not as an integrated part of the supply chain. Although through horizontal integration
being one of the main concepts of Industry 4.0, a manufacturing 4.0 part of an organization will be
much more integrated allowing for less disruptions between business functions as discussed above
in Chapter 5.8.2.
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Part III

Precision and Methodology

Part III consist of the Precision of the Task and the Methodology used for this study. For
the Precision of the Task, the Studied system is presented and the Purpose of the Thesis
is further detailed under Breakdown of purpose. The authors detailed important aspects of
digitalization and its implications before the research questions are presented in three parts:
Scania Today, Scania 2030 and The Gap between the two. Further on in the Methodology
chapter an introduction is followed by the approach, course of action and methods for
answering the research questions.
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6 Precision of task

The following chapter aims to detail the study of this thesis. The chapter consists of the studied
system, where system boundaries and study perspective will be detailed. Following is a breakdown
of the purpose of the thesis, which leads onto the research questions. By answering the research
questions, the purpose of the thesis will be fulfilled.

6.1 The Studied system

Scania Oskarshamn Cab production is divided into production and assembly where both depart-
ments has supporting business functions. For this study, by directives from Scania, the focus will
be on the Cab Assembly and more precisely on the logistics and manufacturing function. Though
there is a clear separation between logistics and manufacturing, the two functions interact and
furthermore with other internal functions and even external parties as well. As a result, two
perspectives will form the basis for the research questions.

The first perspective will be internal. Meaning that the focus will be to study the system within
the boundaries and the activities that the system consists of. The studied system seen through
the first perspective is presented below in Figure 29.

Figure 29: System boundaries seen through the first perspective.
(Source: Own illustration)

Both logistics and manufacturing consists of different types of activities where material and in-
formation flows from a point of origin to a point of arrival. For logistics, the point of origin is
the receiving operation, where goods are delivered from both internal and external suppliers. The
point of arrival is the assembly line, where manufacturing takes over. In between the receiving op-
eration and the assembly line the main activities of logistics can be categorized into either planning
activities or execution activities. As an example, order fulfillment and inventory management are
planning activities whereas internal transport and picking are examples of execution activities. For
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manufacturing the point of origin is line 1, where the cabs arrive from the paint shop. The point of
departure is line 9, where the cabs go through final inspection. Once approved, the cabs continue
into shipment for dispatch. Manufacturing also consists of activities that can be categorized into
either planning or execution. Where production planning is a good example of a planning activity,
permanent fastening is an example of a execution activity.

The second perspective will be in a broader picture. In other words the study will focus on
integration both within the system boundaries but also towards the surrounding system that lies
outside the boundaries. The studied system seen through the second perspective is presented below
in Figure 30.

Figure 30: System boundaries seen through the second perspective.
(Source: Own illustration)

As illustrated above in Figure 30, internal and external suppliers arrive to the receiving where
the material is handled by the logistics function. For the manufacturing function, the cabs enter
from the paint shop to line 1. Once manufactured, the cabs are shipped to either Zwolle in the
Netherlands, Angers in France or Södertälje in Sweden. The second perspective is important due
to the scope of the thesis, as digitalization and Industry 4.0 mainly consists of connecting different
aspects of the whole supply chain. Thus, the importance of a broader perspective.

6.2 Breakdown of purpose

As presented in Chapter 1.2, the purpose of this thesis is to outline the potential of increased
digitalization for logistics and manufacturing in the assembly at Scania Oskarshamn.

In essence, there will be a change within the manufacturing environment as a result of increased
digitalization. This change will be derived in a two-folded discussion below, where the first part
focuses on digitalization, and more precisely on the definition of digitalization and its overall
implication for this study. The second part can be conceptualized as the paradigm shift caused by
increased digitalization. From this, the overall change caused by increased digitalization will create
the basis for the research questions of this study. The steps from breaking down the purpose to
the research questions that follows are necessary to ensure the right interpretation of digitalization
as well as the overall changing manufacturing environment. These steps are illustrated below in
Figure 31.
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Figure 31: The figure illustrates how the study will transition from breaking down the purpose
to the research questions.
(Source: Own illustration)

Understanding digitalization

Digitalization is a broad term, used to explain digital change of modern business and technology.
Digitalization is defined as: "Integration of digital technologies into everyday life by the digitization
of everything that can be digitalized" (Dictionary, 2018). In other words, digitalization is using
the digitization of information to improve life, a process or a product. Digitization is defined as:
"the process of converting something to digital form" (Merriam Webster, 2018). Another word of
expressing digitalization is through digital transformation which is a way of looking at digitalization
in a business perspective (Scoop, 2018).

The digital transformation in the manufacturing environment has been given the name Industry
4.0 (Kagermann and Wahlster, 2013). Industry 4.0 is based on the integration of the whole supply
chain both horizontally, vertically and through a products’ life cycle. To achieve this, the two
core functions consciousness and interoperability will be the focus of digitalization. The seamless
communication between digital devices through interoperability and a system’s ability to make its
own decisions through consciousness are the two key functions of a digital factory. The connection
of all aspects of operations through digitalization and integration of operations will allow for two
key features: decentralization and autonomy. (Lasi et al., 2014; Qin et al., 2016)

By developing a decentralized communication system through interoperability, the ease of commu-
nication and sharing of information is simplified. The decentralization of decision making which
collectively with interoperability will facilitate a fully integrated digital factory. An integrated
factory means all devices and actors are able to seamlessly communicate with each other reducing
the need for a central decision source. Industry 4.0 is based on autonomy as previously mentioned
and again enabled by a conscious system. A system that can make its own decisions, can oper-
ate autonomously. By implementing technologies such as Cyber-Physical Systems and Internet of
Things and data analytics, a conscious autonomous system can operate with less human control
that todays systems.

Increased digitalization

The accelerating speed of change is transforming the manufacturing environment. The three as-
pects of the changing markets mentioned earlier will be the main reason for this transformation.
Though digitalization and digital environments has existed for many years, industry has still not
fully embraced digitalization. With the development of technologies such as the key enabling tech-
nologies discussed previously, industry is in fact increasingly embracing the digital environment.
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How increased digitalization will facilitate the fulfillment of the three market demands previously
detailed will be discussed below.

• Individualization: By including customer-specific criteria in all phases of production with
the possibility of last-minute changes while still making a profit, the individual customer
requirements can be met (Kagermann and Wahlster, 2013). Pereira and Romero (2017) fur-
ther argues that the new integrative real-time intercommunication within the manufacturing
environment in the context of industry 4.0, will allow the meeting of highly complex market
requirements.

• Volatility: Kagermann and Wahlster (2013) identifies flexibility as a main attribute of Indus-
try 4.0. Business processes will be agile and shortages such as supply can be compensated for
in real-time. Qin et al. (2016) furthers this argument to involve individual optimization in
real-time within each section of the supply chain, resulting in their optimized configuration
in regards to shifting demands. Qin et al. (2016) also describes the flexibility of the future
factory, able to connect and share information automatically of all manufacturing resources.

• Sustainability: Kagermann and Wahlster (2013) argues that within the Industry 4.0 environ-
ment, the highest possible output from a given number of resources and particular outputs
with the lowest possible amount of resources, will increase the overall productivity and ef-
ficiency. As stated by Pereira and Romero (2017), the complete communication network
throughout the whole supply chain will allow for maximum profit for all cooperatives with
limited sharing resources. Qin et al. (2016) argues that with the increasingly cooperation be-
tween sections of the supply chain, configuration in regards to demands can be done without
losses.

Increased digitalization will not only allow organizations to meet the changing market demands,
but also create a paradigm shift for logistics and manufacturing. Where logistics has been tied
to the balance of cost-reduction and delivery service, manufacturing has been tied to the balance
of cost-reduction and quality improvements. In essence, the manufacturing environment within
Industry 4.0 is likely to reduce or even erase these dilemmas.

Knowing that digitalization builds on consciousness and interoperability, with autonomy and de-
centralization across the whole supply chain, integration will be the main reason for the possible
changes discussed above. Instead of focusing on cost-reduction or delivery improvements, logistics
can focus on value-adding components. For manufacturing, the downtime of production will be
close to if not equal to zero and production planning will be optimized. The aspects mentioned
by Hill (2000) when moving from design to processing are likely to disappear and in general less
focus on dilemmas such as product design, manufacturing planning and manufacturing control is
needed.

In the context of increased digitalization and integration across the whole supply chain, information
sharing becomes vital. As stated byWilliams et al. (2013), a high level of integration both internally
and externally will only take place if information is shared. Thus, organizations must develop both
connectivity and willingness for integration to take place. If organizations fails to do so, the risk
is having a fully digitalized network but with existing barriers across the whole supply chain as a
result of lacking willingness and connectivity. Fawcett et al. (2007) argues that organizations tend
to invest heavier in connectivity than in willingness, something that might become a significant
barrier for organizations when advancing their digitalization.

The change as a result of digitalization, both in the manufacturing environment as a whole and
specifically within logistics and manufacturing, will be researched in the chapter that follows. The
aim of this thesis is as previously mentioned to outline the potential of increased digitalization,
something that will be done by analyzing and detailing the change discussed above.
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6.3 Research questions

The research questions of this thesis is directly connected to three main parts; (1) Scania Oskar-
shamn today; (2) Scania Oskarshamn 2030; (3) The gap between today and 2030. The three-parted
structure has been developed through discussions by the authors and with guidance of the tutors
and lastly through the literature research. From Chapter 5.7, Schrauf and Berttram (2016) argues
that in order to facilitate the development of a digitalization strategy, one must consider three
fundamental steps; Understanding your starting position; Defining your strategy and; Developing
the appropriate roadmap. Oskarsson et al. (2013) also argues for a three-folded solution when as-
sessing a change within an organization and states that the first step is to understand the current
situation. Once the current situation is covered, one can continue to develop the end-goal and
lastly the gaps in-between.

Figure 32: The three main parts of the research questions
(Source: Own illustration)

With this in mind, the research questions will assess the current state, the end-goal and the gaps
in-between. This will be done in regards to the two perspectives discussed in Chapter 6.1, where
both internal activities within logistics and manufacturing will be detailed as well as the two parties
as a part of the broader picture with integration as the main area of focus.

As a result, digitalization will be uncovered by separating between the two main functions; con-
sciousness and interoperability. Consciousness focuses on the level of digitalization, in order to
achieve full autonomy as the end-goal. This will be done by assessing the digitalization level of the
specific activities within logistics and manufacturing. Interoperability focuses on the three arcs of
integration (horizontal, vertical and end-to-end engineering), where information sharing through
connectivity and willingness will be the focus. This will be researched by assessing the level of
integration, both internal and external through information sharing.

By conducting research within these three parts and with the two presented perspectives, the
authors will answer the questions and thus fulfill the purpose of this thesis.

6.3.1 Scania Oskarshamn today

Figure 33: The first part of the research questions
(Source: Own illustration)

As mentioned in Chapter 3.2 and argued for by Ghiani et al. (2004), logistics consists of planning
and controlling the material and information flow in organizations. By separating the material
flow and the information flow as presented in Chapter 3.2, a number of activities can be listed.
In general, the material flow consists of warehousing, material handling, packing and unitization
and transport. As packing and unitization lies outside the system boundaries they will not be
detailed further. Thus, warehousing and material handling are the main activities that will be
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studied for the material flow. The information flow consists of two main aspects; order fulfillment
and inventory management, also detailed in Chapter 3.2.

Mentzer et al. (2008) argues that the mentioned activities above should be done with the goal of
effective customer service, total cost efficiency, competitive advantage and enhanced organizational
performance. Though all four dimensions of the overall goal are important, the customer service is
more important now than ever before. This is due to the shifting markets, where individualization
of products and services is becoming the new standard. Digitalization and the possibility to use
all the data throughout the supply chain can be of great benefit for Scania Oskarshamn to meet
these shifting demands.

In the assembly at Oskarshamn, it is important to understand the activities that happen on
the assembly line to understand how digitalized they are. Groover (2008) explains two types of
operations during a manufacturing process (processing and assembly). To understand the current
operations activities on the assembly line, assembly operations at Scania Cab Assembly will be
considered. While material handling is considered an aspect in both logistics and manufacturing,
manufacturing will consider the picking, manipulating and assembled activities that happens on
the assembly line. Quality has two aspects and this thesis will consider freedom from deficiencies,
more specifically the inspection activities that happens on-line. These activities can have a varying
level of digitalization and will be used to assess the current situation.

As a result of the discussion above, it is interesting to know how digitalized the present logistics
and manufacturing activities are. This leads to the research question presented below.

RQ1: What is the current level of digitalization for the logistics and manufacturing
activities?

Once covered, the logistics and manufacturing processes in the broader picture will be researched.
Lambert et al. (2008) argues that supply chain management should follow three criteria, where
the organization of the activities as business processes enables for the fulfillment of these criteria
(Lockamy and McCormack, 2004). By addressing the maturity of the processes through the process
maturity model presented by Lockamy and McCormack (2004), the overall process orientation of
the organization can be studied. More specifically, by measuring the attributes of the process,
the exact level of process maturity can be mapped. Frohlich and Westbrook (2001) states that
improved integration will enhance performance, even though Germain and Iyer (2006) argues
that the internal integration should co-exist with the external integration in order to increase the
performance. Also, Lambert et al. (2008) argues for the importance of process-orientation when
developing integration. Functional silos across business functions should be replaced by integrated
processes.

To achieve both internal and external integration, information sharing through connectivity and
willingness becomes important, as mentioned earlier. Zhou and Benton (2007) lists three aspects of
information sharing, where both support technology, including hardware and software, information
content and information quality is important to consider. Also, distinguishing between operational
information sharing and strategic information sharing (Moberg et al., 2002), are important factors
when studying the level of integration. As a result, both operational and strategic information
sharing as well as the level of connectivity and willingness will be studied. This will be done in
regards to the overall process maturity by answering the following research question:

RQ2: What is the current level of process maturity for logistics and manufacturing?

Having understood the different activities of logistics and manufacturing and their level of digi-
talization, as well as the overall integration in a broader picture, it will be interesting to know if
there currently are any synergies to be found. Synergies is known as the collaboration between
business functions or other parties so that the total effect is greater than the sum of the effects
taken independently. Lambert et al. (2005) argues that information sharing both within an or-
ganization and across the supply chain will enhance performance, through internal and external
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connectivity. With this line of thought, different functions or even organizations should be able to
add up to more than the sum of their own parts, through collaboration and connectivity Lambert
et al. (2005).

Examples of where synergies can be found is where activities are meeting, or even when activ-
ities from different business functions are done similarly, such as activities within logistics and
manufacturing. Knowledge and skills are also examples of how synergies can be developed, by
using joint forces and learning from each other. Shared values, goals and visions are also aspects
that usually enables the existence of synergies. In the case of logistics and manufacturing, Chikah
(1999) mentions both common and conflicting features:

Common features:

• Both functions have activities that contributes to or leads to the monetary and the in-
formation sphere of the company operation. Both functions arrange moving, storing and
transportation of goods.

• Both functions are operational and focus on the day-to-day activities, even though strategic
long-term activities also exists.

• Both functions can be well-measured in regards to contribution to the profitability of the
company.

• Both functions require short-term feedback to fulfill their tasks, even though long-term feed-
back is also necessary.

Conflicting features:

• Both functions add value to the product, but logistics adds place-value and time-value
whereas manufacturing adds use-value.

• Manufacturing focuses on operations and manipulation of the item whereas logistics focuses
on moving it towards further steps of transformation or to the end-customer.

• Both functions focus on value-adding activities, even though logistics tend to focus on delivery
service and costs whereas manufacturing focus on quality.

• In terms of organization, manufacturing is usually concetrated in the organization itself,
whereas logistics are spread over.

• As for the organizational contacts, manufacturing is mostly turned towards marketing whereas
logistics is usually turned to manufacturing itself.

As synergies are enabled through connectivity and information sharing as argued by Lambert et al.
(2005), the level of digitalization is also a key aspect when studying the potential synergies. As a
result, we aim to study the synergies between logistics and manufacturing by asking the following
question:

RQ3: What are the current synergies between logistics and manufacturing?

6.3.2 Scania Oskarshamn 2030

Figure 34: The second part of the research questions
(Source: Own illustration)
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Having developed the logistics and manufacturing process to become digitalized, the planning and
execution of the activities will differ greatly from today. The key enabling technologies of the
concept Industry 4.0, will be the main attributes for this change. With this said, the logistics
activities will still be found within the logistics process. Materials and information will still flow
through the organization and across the supply chain, and activities such as order fulfillment and
material handling will still play a vital roll in the process of manufacturing. Barreto et al. (2017)
argues that the logistics process cannot be handled with ordinary planning and control practices
and that the inclusion of CPS and IoT as well as other key components such as big data analysis
will create the foundation for how logistics will change. Hofmann and Rüsch (2017) makes a valid
point with the two dimensions of how logistics will change (further described in Chapter 5.8.2),
and the described changes to logistics in the context of Industry 4.0 done by Schrauf and Berttram
(2016) is a valid forecast for how digitalization might change the logistics processes.

A digital assembly at Scania Oskarshamn will be different from today. Although the activities
of assembly will remain the same, such as inserting parts or tightening parts, the way they are
managed will change. For this thesis to make an assessment of improvements and recommendations
for Scania, an end goal must exist. A paradigm shift within manufacturing is taking place, with
connected objects and machines through a Cyber-Physical world communication and information
sharing will drastically change. The digitization of information sharing and information input
will reduce errors that occur through paper handling. While manual assembly will still exist,
assisting robots such as collaborative robots will be implemented in line to reduce lifts and improve
ergonomics. Augmented reality, will add a digital dimension to operators and enable more flexibility
due to increased information available to the operator.

As a result it will be interesting to study the changes for the logistics and manufacturing activities
at Scania Oskarshamn, something that will be done by asking the question presented below.

RQ4: What encapsulates fully digitalized logistics and manufacturing activities?

Once covered, the different aspects of integration will be studied. Kagermann and Wahlster (2013)
describes horizontal and vertical integration together with end-to-end engineering as core features
of Industry 4.0. These different aspects of integration goes hand-in-hand with the connectivity
and information sharing described by Lambert et al. (2005), necessary for organizations who aims
at higher levels of integration. As the context is Industry 4.0 and the study aims at outlining
the potential of increased digitalization, interoperability and thus integration will certainly be an
aspect of the Scania Oskarshamn 2030 environment.

Furthering the argument of Lambert et al. (2005), solely connectivity will not result in enhanced
performance and higher levels of integration, willingness is equally as important. Knowing that
organizations usually tend to invest more in connectivity than in willingness (Lambert et al., 2005),
the part of willingness is important to consider. Connecting these aspects with the different arcs
of integration stated as core features by Kagermann and Wahlster (2013), it will be interesting to
study the level of integration that is expected in the Scania Oskarshamn 2030 environment.

As a result of the discussion above, the research question presented below will be answered.

RQ5: What is the level of process maturity for logistics and manufacturing in 2030?

Once an understanding of how a digital assembly and connected logistics will operate, the con-
nection between the two will be assessed. With increased digitalization, the synergies between
manufacturing and logistics will differ. Optimizing synergies will also be a goal for organizations
in 2030, as it is today. The nature of digitalization and integration will naturally permit for in-
creased synergies. Lambert et al. (2008) mentioned connectivity and willingness as key factors
for information sharing in an organization. An increasingly digital connection between business
functions should increase synergies. After understanding todays synergies (Chapter 6.3.1) and the
digital manufacturing and digital logistics operations of 2030, connecting the parts leaves us with
the question of:
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RQ6: What synergies are found due to digitalization?

6.3.3 The gap between today and 2030

Figure 35: The third part of the research questions
(Source: Own illustration)

The differences between Scania today and Scania 2030 will be drastic, but the operations and
activities will remain the same. Material and information will still move from incoming goods
to the assembly line and the products will still be manufactured and assembled. To identify the
changes, a comparison between todays state and 2030 must be performed. The manual assembly
will move to a digital assembly and planning will be based on tractability of materials happening
in real time. The digital level of logistics, manufacturing and their synergies can be mapped
and a transition can take place. To transition these operations to a digital state as outlined in
Chapter 6.3.2, a plan has to be in place. Steps towards implementation of a digital organization
and Industry 4.0 are pointed out in Chapter 5.7. Schrauf and Berttram (2016) outlines a five step
plan of developing a strategy to implement a digital supply chain, including performing an analysis
of current state and setting a goal and starting with pilot projects with an end-to-end perspective.
Lee et al. (2015) has developed a 5C-model that incorporates step towards a fully digital factory
by smart connection level, data-to-information conversion level, cyber level, cognition level and
configuration level. This model is more technical than Schrauf and Berttram (2016)’s model of
strategy.

Understanding steps and implementations of Industry 4.0, Scanias current state and their 2030
state leads to the question:

RQ7: What key steps must Scania take to transition from today to 2030?

Having answered all seven research questions presented above, all three parts of the research will be
completed. To summarize, both Scania Today and Scania 2030 focuses on the level of digitalization
within the logistics and manufacturing activities. Furthermore, process maturity in regards to
integration and information sharing will also be studied for the Scania Today and the Scania 2030
scenario. Lastly, synergies between logistics and manufacturing will be studied. Once completed,
the gap between Scania Today and Scania 2030 will be studied. This will be done by developing a
roadmap to transition from today to the 2030 scenario as well as an overall digitalization strategy
to aid Scania in their development towards the future manufacturing environment. To do this, key
steps to transition will be studied. To summarize the research questions and the areas they cover,
see figure 36 below.
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Figure 36: The figure shows the three parts and the areas the research will cover.
(Source: Own illustration)
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7 Methodology

The following chapter aims to detail the methodology of the study. The chapter consists of an
introduction, the study approach, course of action, methods for collecting information, achieving
credibility and methods for answering the research questions. Through the introduction a brief
discussion around the study is presented. By detailing the approach and the course of action of the
study the reader gets a firm understanding of how the study is conducted. By discussing methods
for collecting information and detailing validity, reliability and objectivity the overall credibility of
the study is increased. Finally the methodology for the research questions aims at presenting how
the study will conduct the field study so that collected data and knowledge can be used, analyzed
and discussed to answer the research questions.

7.1 Introduction

When beginning the research around the subject Industry 4.0 and digital transformation, it quickly
became clear that no finite definition or overall framework has yet been developed. In general,
the overall knowledge and research currently taking place around these subject areas are abstract
and not yet fully concrete. The knowledge within Scania appeared to be equally limited, and the
impression of the authors was that little or no knowledge were to be found about Industry 4.0
and digital transformation when starting this study. As a result, employees of Scania requested
throughout the whole study process, the need of clarifications and explanations in regards to these
areas from the authors. This has been necessary for the correct collection and interpretation of
data.

Beginning the work with research around Industry 4.0, digitalization and eventually onto more
concrete and established areas such as logistics and manufacturing, the authors gained a firm
theoretical groundwork from which further research, precision of task and methodology could
be developed. Understanding that the area was indeed still unexplored with few case-studies,
the authors developed their own approach in regards to digitalization and the overall concept and
implications of Industry 4.0. The precision of the task developed into being a three-folded analysis,
where the current state at Scania in regards to digitalization played a vital role. At the same time,
the end-goal had to be understood and as a result the Scania 2030 scenario became an important
part of the digitalization model used in this study. Having developed a firm analysis model through
extensive research into what encapsulates digitalization within the manufacturing environment, the
gap between the current state and the future Scania 2030 state could be developed. The analysis
model of the authors for digitalization is two folded, where each part builds on the two identified
core functions of Industry 4.0. With these two functions in mind, consciousness and interoperability,
methodology for the study could be developed.

Applying the analysis model presented in this report developed by the support of the established
methodology, empirical findings and analysis laid the ground for the overall results and recommen-
dations presented later in this report. The results fulfill the purpose of the thesis and in general
the applicability of the results are high. The issue at hand is that of being concrete, as the field
of study is still, as mentioned previously, exploratory. As a result, the greatest challenge with this
study has been to apply firm Industry 4.0 and digital transformation theory on a case-study like
that of this study. A constant loop of iterations has been conducted throughout the study and
even though the results are firm and usable for Scania in regards to digital transformation, further
research and knowledge is required for successfully implementing Industry 4.0 concepts.

7.2 Approach

This section will present the chosen approach of this study. The choice of approach will affect the
drafting of the methodologies used to answer the specific research questions, presented in Chapter
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6.3. The methodologies used to answer these questions will be presented in the end of this chapter.

When choosing approach there are mainly two dimensions to consider. First, one must consider if
the study is case specific or cross-sectional. Second, one should identify the character of the study,
if it is qualitative or quantitative. The two dimensions together with the chosen approach for this
study will be presented below.

7.2.1 Case study or cross-sectional approach

The first dimension of the approach is to decide between a case study and a cross-sectional ap-
proach. The difference between these are in essence the depth of which the study has and also the
width. For case studies, the focus is narrow on few cases but with a high level of depth and detail
(Lekvall and Wahlbin, 2001). For cross-sectional studies, broader and more general conclusions
are usually the main goal (Lekvall and Wahlbin, 2001).

This study aims at outlining the potential of increased digitalization for Scania Oskarshamn, and
more specifically with the perspective of logistics and manufacturing in the assembly. As a result
and as presented in the research questions in Chapter 6.3, three parts will outline the scope of
this study. As a high level of depth and detail is needed to understand both the current state
at Scania and the environment in 2030, this study fits with the case-study description. Though
the study is case-specific, another approach would have been to conduct research from a broader
point of view. In other words the study could have been conducted as a cross-sectional study,
covering multiple cases and gathering data across organizations so that a more holistic and general
view of increased digitalization could be obtained. As the study is conducted in cooperation with
Scania, the interest in a cross-sectional study is lower due to the fact that the applicability is less
specific for Scania. As a result, this study is case-specific, where the case is the Scania assembly
in Oskarshamn, Sweden.

7.2.2 Qualitative or quantitative approach

The second dimension of the approach is to decide between a qualitative and a quantitative ap-
proach. In some cases, the study is both qualitative and quantitative. Björklund and Paulsson
(2012) argues that it is mainly the purpose of a study that describes the nature of the approach.
A qualitative study aims at creating a deeper knowledge and understanding of a subject, whereas
a quantitative study includes measurable information (Björklund and Paulsson, 2012).

The purpose with this thesis is to outline the potential of increased digitalization, thus creating a
deeper knowledge and understanding of a subject. As a result, the nature of this study is qualita-
tive. As for the case-specific or cross-sectional approach, another option for this study would have
been to partly or completely conduct quantitative measurements. Through quantitative studies,
concrete measurements are obtained, often in regards to performance. Thus, improvements can be
found and it is not uncommon, in regards to logistics and manufacturing, that such performance
improvements are tied to either cost-reduction or delivery-service improvements. Increased digital-
ization is likely to reduce costs and improve delivery services, but as digitalization and Industry 4.0
has not yet been implemented by any means, quantifiable and reliable measurements are difficult
to obtain. As a result the most suiting study, as digitalization and Industry 4.0 needs further
development, is to conduct a qualitative study.

7.3 Course of action

This section aims to give the reader a general understanding of the study process of this study.
In general there are no rules or demands in regards to how a study is conducted. Instead, work
procedure and methodology is determined by the character of the study and in regards to what
kind of knowledge and data is to be gathered.
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This study builds on a change-management methodology presented by Oskarsson et al. (2013),
found in Appendix D. Oskarsson et al. (2013) states that there are multiple steps included when
conducting a change within an organization. The change due to increased digitalization is a good
example of such a change and as a result the model fits this study. Oskarsson et al. (2013)
argues that the first step is to determine the prerequisites for the change. Once determined, two
steps must be taken. First, the current state should be detailed and described. Simultaneously,
alternative solutions should be developed. From this, the next step is to compare the current state
to the alternative solutions. Once compared, a solution can be chosen and from this the work with
implementation can begin.

This study have derived the methodology presented by Oskarsson et al. (2013) to four phases;
Planning phase, Data collection phase, Analysis phase and Conclusion phase. In regards to the
change-management steps discussed above, the planning phase consists of understanding the pre-
requisites. The data collection phase consists of the two following steps; analyzing and describing
the current state as well as the development of alternative solutions. The analysis phase considers
the following step which is to analyze and compare the current state to the alternative solutions.
The conclusion phase considers the next step which is choosing the right solution.

A detailed activity network has been developed to further the description of the course of action
for this study. This allows for a more precise view of the study process and how the different
activities are connected to the different phases of the study. The course of action for this study is
presented in Figure 37 below.

Figure 37: The four phases and the overall course of action for the study
(Source: Own illustration)

As presented above in Figure 37, the study follows the fours stages; planning phase, data collection
phase, analysis phase and conclusions phase previously discussed. Each phase was completed before
continuing to the next phase. To describe the activities within each phase the following sections
will further detail the study process and its four phases.
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7.3.1 Planning phase

In summary, the planning phase of the study constitutes the whole pre-study. This includes the
first seven chapters of the report, where the main area of focus has been to further detail the task
of the study so that right research questions and connected methodology can be developed.

The study began by identifying the overall task and by gathering directives from the company, from
which a purpose for the thesis could be developed. Research into the theoretical framework was
conducted together with company introduction interviews and finally with observations and pre-
sentations on site. By limiting the studied system through delimitations the study could continue
into development of research questions that essentially outlines the "what" of the study. From the
developed research questions, a model for analysis was created so that the connected methodology
for the research questions could be developed.

Through completion of all these activities the pre-study transitioned into the next phase - data
collection phase, which will be detailed below.

7.3.2 Data collection phase

The data collection phase consists of gathering data. In summary, the data collection phase includes
the collection of data for all three parts of the study: Scania today, Scania 2030 and the gap in
between.

Through interviews with management teams of both logistics and manufacturing the overall layout
and flow of material and information was understood. Also the organizational structure and the
management of the different activities were thoroughly discussed. Once the current layout and
flow as well as organizational structure had been understood and detailed, the data collection
for the three parts of the study could begin. For Scania today, interviews and process mapping
were done so that the current state at Scania could be understood and used as a starting position
for the roadmap. Through excessive theoretical research and comparison with industry leading
organizations, benchmarking was used for the Scania 2030 scenario. This, together with hands-on
expertise from the employees at Scania resulted in discussions and interviews around the area of
Industry 4.0 and digital transformation. Once this data was gathered, the gap between Scania
today and Scania 2030 was studied. Primarily, observations and the collected data from the two
previous parts were used to detail the gap, but further research into Industry 4.0 implementation
and roadmap methodology was also conducted. All interviews, observations and discussions were
continuously compiled throughout the phase.

Once all data was collected and compiled, the work transitioned into the next phase - Analysis
phase, further detailed below.

7.3.3 Analysis phase

The analysis phase consists of analyzing and discussing the gathered data. The analysis phase co-
existed and took place simultaneously as the data collection phase. In other words the analysis of
part one was conducted at the same time as new data for the second part was gathered. As a result
the authors decided to merge the empirics and the analysis of each part into separate chapters.
This was done with regards to the clear connection that exists between empirical findings and
analysis.

The analysis consists of a comparison between the gathered data and the theoretical framework.
For the Scania today scenario, the analysis has focused on the activities present at Scania today
and their connection to digitalization. Furthermore the focus has been on assessing the current
process maturity. For the Scania 2030 scenario the analysis has focused on the overall change
within the manufacturing environment due to digital transformation. For the gap between Scania
today and 2030, the analysis has focused on detailing the potential of increased digitalization for
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Scania. Also, analyzing the size of the gap and which parts of the gap that are more or less difficult
to develop has been in focus.

Once all parts had been covered, the work transitioned into the next phase - Conclusion and
recommendations, further detailed below.

7.3.4 Conclusion and recommendations

The final conclusions and recommendations of the study was developed based on the previous
phases, mainly the data collection phase and analysis phase. The authors details the conclusions
and recommendations through a digitalization strategy and a roadmap connected towards Scania
2030 based on the empirical data collected along with the analysis of said data.

Critical review of the empirical data and theory helped the authors to develop the strategy and
roadmap with four phases. The four phases is detailed by the authors to create a picture of what
should be performed in each phase in terms of digitalization and process development. Conclusions
and recommendations for this study is heavily intertwined leading to a final discussion where the
work process and criticism is discussed.

The final discussion considers the study as a whole by discussing the approach throughout the
process. Through method criticism the authors discuss criticism surrounding the theoretical frame-
work, triangulation of gathered data, the developed model for digitalization and issues surrounding
the empirical gathering mainly happening during the data collection phase. Generalizable of the
study along with ethical considerations of digitalization was also discussed.

7.4 Methods for collecting information

When collecting information some methods are more suited than others for the variety of different
situations. In common, is the distinction between primary and secondary data. With primary
data Lekvall and Wahlbin (2001) and Björklund and Paulsson (2012) argues that the data has
been collected unaided with the purpose of being used within the current context of study, whereas
secondary data refers to data that has already been collected, used primarily for another context.

The sections that follows will present the different types of data collection used in this study,
extracted from the common methods of data collection according to Björklund and Paulsson (2012).

7.4.1 Literature

Using books, magazines, scientific articles amongst other forms for written material, literature is
the generic name for this type of research and data collection. Though it is a very effective method
to gather data as a lot of information can be gathered quickly (Lekvall and Wahlbin, 2001), it
also has its disadvantages. Primarily this is due to the type of data, as collected data through
literature is secondary data. As a consequence, the information might be slanted and originally
used for another purpose than to the one of the current study (Björklund and Paulsson, 2012).
Secondarily, considerations should be done in regards to the method used for searching literature.
For example, which words and databases that are used to search for literature can possibly lead
to inaccuracy in the literature base (Björklund and Paulsson, 2012). To maintain credibility
throughout the study, a detailed list of how the literature search was performed is presented in
Appendix B.

In the case of this study, electronic literature was gathered through Google Scholar, Elsevier,
Emerald Insight, IEEE, ScienceDirect and lastly through the database of the library at Linköping
university. Physical literature such as books were gathered through loans at Linköping university
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library and from personal ownerships. Literature collection has also been done by studying refer-
ences from the books and articles collected from the databases, thus enriching the understanding
of the studied area.

7.4.2 Observations

Björklund and Paulsson (2012) argues that observations often are time consuming but as opposed
to literature they tend to be more objective. Observations occur in different forms; the observer
can be participating or solely observing from the sideline, and the observed object or situation can
be aware of the observation taking place or also being unaware.

In this study observations were primarily used in the beginning of the study, in the planning
phase. This was done to enhance the understanding and knowledge of the situation and the study
itself. As a result, it gave the authors objectivity to the activities but also a deeper knowledge and
understanding of Scania as a whole.

7.4.3 Lecture and conference presentations

As with literature, lecture and conference presentations are secondary data. The same disadvan-
tages apply and it is important to understand who the presentation or conference presentation is
aimed for and as a consequence how it might affect the quality of the information (Björklund and
Paulsson, 2012).

Together with observations and literature, lecture and conference presentations were used primarily
during the planning phase of this study. Presentations regarding the organizations structure, flow of
material and information were used frequently. Also, lecture presentations from previous courses at
Linköping university were used as a source of knowledge within the different areas of the theoretical
framework.

7.4.4 Interviews

Lekvall and Wahlbin (2001) argues that interviews are preferred for collection of primary data
when conducting a case-study. This is due to the specificity that interviews enable, and as case-
studies has a great depth within a subject interviews facilitate the study of these depths. When
conducting interviews, the possibilities of questions and follow-up questions are practically limitless.
Also, interviews allow for interpretation of body language (Björklund and Paulsson, 2012).

Both Björklund and Paulsson (2012) and Lekvall andWahlbin (2001) differentiate between different
forms of interviews. Personal interviews are conducted face-to-face, where the interviewer and the
interviewee are in the same place. Phone interviews are conducted by phone or skype and a third
variant is group interviews, where the interviewer interact with several people at the same time.
Anther example is e-mail interviews, where questions are sent and answers received by mail. The
advantage with phone and e-mail interviews is that the interviews can take place even if the involved
parts are not in the same place. A clear disadvantage is the higher risks of miscommunication,
misinterpretation and lack of body language (Björklund and Paulsson, 2012). During interviews
and empirical collection the authors has found problems due to the nature of responsibilities of
employees at Scania. Employees usually have a very specific area of focus and several people to
interview has been hard. This issue has been partially solved by interviewing the interview objects’
boss whom oversees a wider area of responsibility. Interviews with someones boss was mainly to
verify answers and previously gathered data.

In common, is the purpose of collecting primary data so that the research questions of the study
can be answered. Björklund and Paulsson (2012) separates interviews into three categories:

• Structured interviews

62



7 METHODOLOGY

• Semi-structured interviews

• Unstructured interviews

Structured interviews have predetermined questions, asked in a specific and structured order. Semi-
structured interviews have predetermined subject areas, but the specific questions within these
areas are formed and asked during the interview, in regards to the context and situation of the
interview. Unstructured interviews should be thought of more as a conversation, where questions
are formed and asked during this conversation. (Björklund and Paulsson, 2012)

In the case of this study, personal interviews have been the primary choice. Where this is not
possible, due to distance or time, phone interviews or e-mail interviews has been conducted. In
regards to the different categories of interviews listed by Björklund and Paulsson (2012), a mix
of structured and semi-structured interviews has been used. Questions and subjects has been
prepared and determined in advance as much as possible, even if follow-up questions and even
unplanned subject areas has been covered during specific interviews. More about interviews and
how these has been conducted in this study is found in Appendix C.

7.5 Achieving credibility

When conducting analysis as the ones done in this study, criticality is important for the inter-
pretation of information and also for how information is gathered, as discussed in Chapter 7.4.
According to Björklund and Paulsson (2012), credibility is determined by three major factors:

• Validity: Is the study measuring what it is supposed to measure?

• Reliability: Will the same results occur if the research is repeated?

• Objectivity: Are any valuations affecting the study?

The differences between validity and reliability but also validity together with reliability at the
same time, is illustrated below in Figure 38.

Figure 38: The figure shows the difference between validity and reliability.
(Source: Own illustration based on (Björklund and Paulsson, 2012))

In the left-hand scenario, both validity and reliability is high. The study is measuring what it is
supposed to measure with the same results when repeated. For the central scenario, reliability is
high but validity is low. The study is not measuring what it is supposed to but with the same
results when repeated. In the right-hand scenario, both validity and reliability is low. The study
is not measuring what it is supposed to and the same results are not achieved when repeated.

All three factors of credibility; validity, reliability and objectivity has been central throughout this
study. Through triangulation, validity and reliability has been increased. Triangulation is when
different methods are used to achieve the same purpose. For validity, interviews with more than
one person on the same subject has been conducted. Also, establishment of theories, methods and
questions from at least two different sources increases the validity. Furthermore it is important
to conduct interviews with people that has the "right knowledge" within a given subject. If
for example information concerning the receiving operation is to be gathered, employees of the
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receiving operation will be interviewed and not employees of other operations. The questions
prepared for the interviews has always been controlled by two persons, which ensures clear and
distinct questions that are not slanted.

To increase the study reliability, control questions formulated differently than the original question
is asked to ensure that the same answer is given. By asking the same questions to different people,
the reliability is increased even more. To ensure that the interviews are objectively interpreted,
all interviews are conducted with the presence of the two authors. Also, both authors takes notes
during all interviews even though one is in charge of taking notes. This way detailed notes are
ensured at the same time as focus can be put on the interviewee. After all conducted interviews a
summarizing discussion is done by the authors before going through all answers together. If any
questions remains unclear the interviewee is asked to participate in a second interview to clarify.
By motivation of decisions and by avoiding slanted questions, the objectivity of the study is also
kept central throughout the study.

7.6 Methods for answering the research questions

The following section will discuss and detail the methodology used to answer the research questions.
All three parts of the research will be covered, in the order of Scania Today, Scania 2030 and the
gap between today and 2030. Each question is repeated before the methodology to answer the
question is presented.

7.6.1 Scania Oskarshamn today

Figure 39: First part of research questions to be answered.
(Source: Own illustration)

Level of digitalization

There is one research question related to developing an understanding of the current manufacturing
and logistical activities in the assembly at Scania Oskarshamn.

RQ1: What is the current level of digitalization for the logistics and manufacturing
activities?

To answer how digital the activities are today, one must first answer what activities are present.
To identify current activities, interviews and observations were conducted. Analyzing the current
material and information flow will create a current state analysis as explained by Oskarsson et al.
(2013) where it is an important step to understanding the current state and the way forward.
Interviews were conducted with a semi-unstructured nature where questions are prepared but un-
prepared follow-up questions and inputs are welcomed. This is due to such a complex assembly
system that is to be assessed. Interview objects included head of assembly logistics, head of as-
sembly, logistics development manager, assembly development manager along with team managers
for individual parts of the logistics and manufacturing process. These interviews will along with
observations create a picture of what the studied activities.

Once the activities are mapped, the second part of the question will be addressed: "How digital
are the activities?". To map out the level of digitalization of the activities, a digital scale in form
of a pyramid has been developed as seen below in Figure 40.
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Figure 40: Level of digitalization pyramid
(Source: Own illustration)

The above model is an extension of the 5C-model developed by Lee et al. (2015). Lee et al. (2015)’s
model is a five step guide for implementation of a fully digitalized Cyber-Physical System. The
5C-model has several pre-requisites that needs to be fulfilled. These pre-requisites depend on that
activities and operations has to be digital and not analog. The activities also has to be connected
to a network before they can achieve level 1 (smart connection) in the 5C model . The authors
of this report has expanded the 5C-model and added the pre-requisites to the model presented
in Figure 40. The top 5 levels (smart connection, data-to-information, cyber level, cognition and
configuration of the presented model are adapted from Lee et al. (2015). The bottom three levels
(analog, digital and digitally connected levels) are added by the authors. The three additional
levels are added to allow a full scale where activities can be ranked that includes analog activities,
previously not a part of the 5C model by Lee et al. (2015).

The developed model shown in Figure 40, has as an additional three additional levels. These
levels are added to allow the model to be used for all activities. A pre-requisite for activities and
operations to be smart connected, is for them do be connected, hence the new level of digitally
connected. For an activity to be digitally connected, it requires the activity to be digital and not
analog, hence the new digital level. To adapt the model to all aspects of activities, an analog
level was added so all types of activities can be ranked on the scale, even the ones not close to
digitalization or even digitization.

Level of process maturity

There is one research question related to developing an understanding of the current manufacturing
and logistical process maturity level at Scania Oskarshamn. The question is as follows:

RQ2: What is the current level of process maturity for logistics and manufacturing?

As argued for by Lambert et al. (2008) and discussed previously, activities within an organization
should be organized as business processes. By following the criteria mentioned by Lambert et al.
(2008), the maturity level of the processes logistics and manufacturing will be assessed. This will
be done with support by the theoretical framework presented earlier in this report. Specifically,
Chapter 3.3 will be used to assess the process maturity. Also, the model developed by Lockamy
and McCormack (2004) will be used to determine the specific level of process maturity.
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To do this, the process maturity level will be identified by assessing three categories which in turn
consists of underlying attributes. The three categories and their attributes are listed below.

• Capabilities: Control, predictability and effectiveness.

• Information sharing: Connectivity, information quality and willingness

• Supply chain integration: Internal, external

The first category is directly linked to the process maturity model developed by Lockamy and
McCormack (2004), where control, predictability and effectiveness will be measured. This category
works as a measurement of the performance of the process. Control is defined as the difference
between targets and actual results, noting the variation around these targets. Predictability is
measured by the variability in achieving cost and performance objectives. Effectiveness is the
achievement of targeted results and the ability to raise targets.

The second category and its attributes connectivity, information quality and willingness has been
categorized by the authors and works as a summary of the information sharing research. Con-
nectivity is about the extent of which members of a supply chain are able to collect, analyze and
transmit information within the network Fawcett et al. (2007). Information quality is measured
by e.g. accuracy, availability, timeliness, connectivity, and completeness. Willingness is about the
extent of which members of a supply chain will in fact make needed decision-making information
available Fawcett et al. (2007).

The last category with the attributes internal and external, is directly linked to the research
connected to supply chain integration presented earlier in the report. Building on the two previous
categories, both internal and external integration are important aspects when increasing the overall
performance of the supply chain. Germain and Iyer (2006) states that the internal integration
should coexist with the external integration, evolving together over time.

To analyze the three categories capabilities, information sharing and level of integration, a five-
level scale has been developed. This was done with support by Scania logistics and manufacturing
management and aims to connect the attributes discussed above to the overall process maturity.
The scale is presented below.

Table 2: The scale that is used to assess the attributes of the three categories of process maturity.
(Source: Own illustration)

The main difference identified when reaching higher levels of the scale presented above, is that
problems are increasingly fading and instead benefits are increasingly appearing. The lowest level
"Poor" is unsatisfactory and very likely to cause significant problems. The highest level "Excel-
lent" greatly exceeds expectations and delivers considerable benefits. In-between, the likelihood of
problems decreases and the likelihood of benefits increases.

Once the attributes of the three categories has been analyzed, the connection to the overall process
maturity can be established. How the assessment of the attributes connects to the overall process
maturity model developed by Lockamy and McCormack (2004) is illustrated in the table below.
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Table 3: The connection between the process maturity model and the underlying assessment of
the different attributes.

(Source: Own illustration)

With the support of the presented tables above, the logistics and manufacturing process will be
assessed by summarizing the attributes and identifying the overall process maturity level. Impor-
tant to note is that the overall process maturity level will be one of the five levels presented in
the process maturity model developed by Lockamy and McCormack (2004) where the five levels
stretches from Ad Hoc to Extended. The table presented below has been developed to identify the
overall logistics and manufacturing process maturity.

Table 4: The assessment of the different categories and underlying attributes that together
identifies the overall process maturity level.

(Source: Own illustration)

The table presented above will be used to assess the overall process maturity level for the logistics
and manufacturing processes. For each attribute within the three categories, the five-level attribute
maturity scale (Poor, Limited, Average, Good, Excellent) will be used to analyze the two processes
logistics and manufacturing. Once identified, the summary will create the foundation for which
the overall process maturity level can be identified. Once the process maturity of logistics and
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manufacturing has been identified the next step is to connect the two processes and analyze the
process maturity of the Assembly process. The reason for this is to detail how the overall model
used to perform this assessment is scalable. Thus, the next step would be to do the same analysis
for the whole Cab production.

To analyze the levels of the different attributes, interviews and observations will be conducted.
Interviews will be of a semi-unstructured nature, where questions are prepared but unprepared
follow-up questions and inputs are welcomed. This is due to such complex systems that is to
be assessed. Interview objects will include head of assembly logistics, head of assembly, logistics
development manager, assembly development manager along with team managers for individual
parts of the logistics and manufacturing processes.

Synergies

There are two research questions related to developing an understanding of the current synergies
taking place between logistics and manufacturing at Scania Oskarshamn. The question is:

RQ3: What are the current synergies between logistics and manufacturing?

The conducted research of the logistics and manufacturing activities as well as their process matu-
rity, will form the basis for analyzing the current connections between logistics and manufacturing.
Chikah (1999) argues that the efficient and effective connections between various business functions
mostly depends on the overall relationship between the functions and their underlying activities
through common and conflicting features explained in Chapter 6.3.1.

By addressing these features, areas of potential synergies but also areas for development for poten-
tial synergies can be identified. The concept of synergies was conceptualized by Igor Ansoff who
claims that the synergy equation is mostly based on the economic benefits of scale, even though
more abstract benefits of managerial synergies can also be found (Juga, 1996). Barratt (2016)
argues that it is when a firm exploits its unique resources and capabilities that it achieves the syn-
ergy effect. As discussed earlier and further detailed by Buzzell and Gale (1989), four mechanisms
can be identified through which synergies can add value:

1. Shared resources/activities

2. Spill-over benefits of marketing and R&D

3. Similar business (knowledge and skills)

4. Shared image

By studying the connections found by addressing the first question, the mechanisms listed above
will be the core areas of study when analyzing potential synergies between logistics and manufac-
turing.

7.6.2 Scania Oskarshamn 2030

The second part of the study consists of the scenario for Scania in 2030, and the development of
an end-goal for Scanias road forward.

Figure 41: Second part of research questions to be answered.
(Source: Own illustration)

Level of digitalization
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Two questions that must be answered to develop a vision for what a fully digitalized assembly at
Scania can look like as presented below:

RQ4: What encapsulates fully digitalized logistics and manufacturing activities at
Scania Oskarshamn 2030?

The aforementioned questions are split into two-parts long the lines of the Scania today questions.
The question focuses on activities and fully digitalized activities. The activities will be gathered
from previous research questions. Since the activities are already mapped, these research questions
will focus on the fully digitalized levels of these activities. These fully digitalized activities should
align at the top of the digital level model presented by the authors in Figure 40. The highest
level towards digitalization, configuration level, covers an operation that is that self-configure for
resilience, self-adjust for variation and self-optimize for disturbance.

For the authors to develop Scanias’ position in 2030 at this level benchmarking through literature
research will be conducted. Benchmarking includes comparing Scania to the best competitors in
the industry. Although since no current organization has reached the top level (configuration level),
literature research will help build the state of Scania 2030.

Level of process maturity

The discussion presented in Chapter 6.3.2 resulted in the following question:

RQ5: What is the level of process maturity and thus the level of integration for
logistics and manufacturing in 2030?

For the scenario of 2030, the process maturity level will be maximized, meaning that the step
extended, will create the foundation of which the maturity level will be assessed. The three arcs
of integration; (1) Horizontal integration; (2) Vertical integration and (3) End-to-end engineering
presented and discussed in Chapter 5.4 will also be linked to the assessment of the level of process
maturity and overall level of integration. As a result, information sharing as a result of full
integration both horizontally, vertically and with end-to-end engineering will be analyzed and
mapped. The level of process maturity from the previous part, Scania today, will also aid in the
assessment of what complete process maturity will mean for Scania in 2030. As mentioned in
Chapter 5.6, interoperability acts as one of two core functions of digitalization, and in the 2030
scenario, full interoperability is expected.

For the authors to develop Scanias position in 2030 at this level, benchmarking through literature
research will be conducted. Benchmarking includes comparing Scania to the best competitors
in the industry. Although, since no current organization has reached the last step of process
maturity(Extended), literature research will help build the state of Scania 2030.

Synergies

There is one research questions related to developing an understanding of the synergies taking place
between logistics and manufacturing at Scania Oskarshamn in 2030, further detailed in Chapter
6.3.1. The question is as follows:

RQ6: What synergies are found due to digitalization?

Conducted research from the previous questions will form the basis for analyzing the synergies
between logistics and manufacturing at Scania Oskarshamn 2030. Thus, building on the under-
standing of how synergies are formed and developed, the scenario with absolute process maturity
and fully digitalized activities in 2030 will enable further development of synergies.

The same method will be used for the Scania 2030 scenario to assess the synergies as the method
used for the present synergies scenario, though focus will also be put to further literature research.
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7.6.3 The gap between today and 2030

Figure 42: Third part of research questions to be answered.
(Source: Own illustration)

To identify the steps needed for Scania to transition from todays state to Scania 2030, the gaps will
be identified so necessary steps can be laid out. The identified gaps will be a comparison between
the current state identified in "Scania Oskarshamn today" and "Scania Oskarshamn 2030". The
gaps identified will be based on interviews and observations gathered from the two previous parts.
As shown in Figure 43, the gaps (and steps) are visualized by the arrows on the left side. Where
the starting point for the digitalized activities is based on Scania Oskarshamn today, the end-goal
is based on Scania Oskarshamn 2030 on a configuration level.

Figure 43: Digitalization Pyramid with possible gaps
(Source: Own illustration)

The supply chain process maturity model will be used to identify gaps between Scania today and
Scania 2030, where Scania 2030 is at the extended maturity level.
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Figure 44: Process maturity level gaps
(Source: Own illustration based on (Lockamy and McCormack, 2004) )

Key steps

Once the gap as been identified, an identification of steps to fill the gap must be performed. This
will be done by answering the following research question:

RQ7: What key steps must Scania take to transition from today to 2030?

The key steps will as mentioned be based on an identification of ways of filling the gap between
Scania today and Scania 2030 where reasoning will be based on interviews performed for the
"Scania Oskarshamn today" scenario, and literature research. The steps identified will result in
a road-map for Scanias’ transition towards a fully digitalized manufacturing environment. For
example, if an activity is categorized as an analog activity today, the goal is known with Scania
2030, the steps forward will be based on theory presented in Chapter 5, especially through key
enabling technologies presented in Chapter 5.5.

Lambert et al. (2005) explains a guide towards a "to-be" implemented supply chain. Integration
and Scanias business process maturity, as presented in Chapter 7.6.2, will set forth the "to-be"
model. While the process maturity model by Lockamy and McCormack (2004) will help develop a
road map towards implementation of the extended supply chain process maturity.

71



Part IV

Empirical findings and analysis

Part IV presents the empirical findings and the analysis performed by the authors. The
part is split into three chapters: Scania Today, Scania 2030 and The gap between today and
2030. The empirics and analysis are based on the developed methodology from the previous
chapter. The empirical findings and analysis is intertwined for the different chapters where
the sources for the findings is presented along with analysis of the empirical findings is done
in each respective chapter.
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8 Scania Today

This chapter will present the current assembly process at Scania by presenting the general process
and the activities that takes place in the process. Following, the digital level of the activities will
be presented.

Figure 45: First part of research questions to be answered.
(Source: Own illustration)

8.1 Assembly process activities

The assembly process as presented in Chapter 6.1 contains two distinct processes, the logistics
process and the manufacturing process. Logistical receiving, storage, kitting platforms and internal
transports are the main parts of the logistics process. The manufacturing process is mainly present
on the assembly lines where the cab is assembled.

To answer the research questions for Scania Oskarshamn today, activities of the the cab assembly
must be understood. The authors have identified twelve different activities that will be analyzed
later in this chapter. There are two planning activities within the assembly process today. The re-
maining ten activities are execution activities. The activities identified by the authors are presented
below.

Figure 46: Identified activities in the assembly process
(Source: Own illustration)

Together, the twelve activities constitutes the assembly process in Oskarshamn, visualized in Figure
47 below. The numbers indicates which activity, and where the activity takes place. The black
arrows represents the material flow and the orange arrows represents the information flow.
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Figure 47: Assembly shop layout
(Source: Own illustration)

The material flow is visualized above where the incoming material needed in the assembly is
delivered from suppliers at the receiving (activity 2) operation. Here forklifts unload incoming
goods and delivers the material to storage (activity 3). All the materials required for assembly,
such as parts, components and fasteners are delivered to the specific line by trains driven by
forklifts from either a kitting platform or subassembly stations. The parts needed for the kitting
stations are transported from different storages. The kitting platforms (activity 5) are used to
kit the components needed in the right order for the cab sequence on the assembly line. The
parts, components and boxes are moved by forklifts and trains between the storage, platforms,
sub-assemblies and line (activity 4 and 6).

The cabs enter the assembly line from the paint shop at Line 1 and travels through to Line 9.
There are a total of 9 main assembly lines along with sub-assembly lines as seen in the figure
above. The cab comes in from the paint shop at the beginning of Line 1 and continues through the
flow until line 9 where it is fully assembled by tightening, fastening, process checking and quality
control (activity 9, 10, 11 and 12). The door line is where the door is fully assembled before it is
sent to line 8 and attached to the cab. The headquarters (HQ) is in charge of all planning, both
material and production planning (activity 1 and 7 respectively). The identified activities has a
varying level of digitalization that has been analyzed and is presented below.

8.2 Level of digitalization

To assess the digitalization within the logistics & manufacturing processes, the activities that con-
stitutes the two processes has been mapped and analyzed according to the developed digitalization
pyramid. The first research question will be answered and each process will be assessed below.

RQ1: What is the current level of digitalization for the logistics and manufacturing
activities?

Logistics activities
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The logistics process within the studied system starts from the receiving operation and ends at
the assembly line, as presented earlier in Chapter 6.1. The process consists of different types of
activities, where they are categorized into being either a planning activity or a execution activity.
The identified activities are found in Table 5. To detail the activities and the different types of flow
within each activity, the following section will cover the logistics process and its different activities.

Table 5: The activities of the logistics process
(Source: Own illustration)

Material planning: Digital level (Planning activity)

The material planning consists of ordering the right material at the right time, from either internal
suppliers or external suppliers. The level of digitalization for this activity is digital, as everything
occurs through IT-systems. In detail, the sub-activities consists of order fulfillment, inventory
management and lastly contact with suppliers. Order fulfillment consists of the actual order of
material from suppliers, when inventory management identifies a need of more material. Lastly,
contact with suppliers encapsulates all contact as a result of problems with executed orders. Mate-
rial that has been ordered but not delivered in time is an example of when contact with suppliers
occurs. Also, the information that flows within and across the activity is usually through phone
or e-mail which occurs digitally.

Receiving: Analog level (Execution activity)
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The receiving operation handles all incoming goods and the transport of all goods to the different
storage areas. The receiving operation is completely analog, as there is no digitalization for any of
the sub-activities that this operation consists of. Simply speaking, the receiving operation moves
goods from point A to point B, where point A are all incoming trucks and point B are the different
options of storage. To know where goods are to be stored, the forklift drivers use their own sight
to identify the goods and the related put-away area. In detail, the receiving operation consists
of unloading the truck, sorting the goods that arrives, putting the goods away and rejecting the
goods that does not fulfill quality standards. Throughout the whole process, all information is
transmitted manually by workers and no information about the execution of the different sub-
activities are stored. Also, the sub-activities requires knowledge of the process which makes it
difficult when personnel are exchanged or when temporary leaves of absences requires new and
untrained personnel. Lastly, as all aspects of the overall activity is analog, neither forklift drivers
or managerial support knows or can communicate to each other the level of incoming goods. As
a result some days becomes very stressful because of the high amount of incoming goods, whereas
other days are calm due to a lower level of incoming goods.

Storage: Digital level (Execution activity)

The storage of goods consists of a high storage that is digitally connected to the storage IT-system.
The remaining storage areas; box storage, grand pallet storage and square storage are all completely
analog. The overall level of digitalization for the storage activity is seen as digital. This is due
to the fact that even though the storages themselves are analog apart from the high storage, the
connecting activities such as internal transport are digital. The box storage consists of transferring
goods from incoming EU-pallets to smaller boxes, before being manually put into the right place
at the box storage by support of a printed list of information about storage options. The grand
pallet storage is also completely analog, and the way the grand pallets are being placed into the
right position is through the digitally connected internal transports that occurs, detailed below
under Internal Transport 1.

Internal transport 1: Digitally connected level (Execution activity)

In summary, the first internal transport occurs between the different options of storages and the
kitting platforms. Depending on the material that is to be transported, the level of digitalization
varies. The delivery of pallets from the high storage to the kitting platform is digitally connected,
meaning that the forklifts receives information from the storage IT-system directly to a screen
mounted in the forklift. The internal transport of boxes are analog, meaning that paper with a
list of orders are collected manually and used to collect and transport the right boxes. The sub-
activity "Delivery Direct" occurs between multiple locations within the logistics process, where an
example is the transport of the grand pallets from their special receiving position to their storage.
The overall level of digitalization for this activity is summarized into being digitally connected,
as the most frequent internal transports are digitally connected, and the analog activities are less
frequent.

Kitting: Digitally connected level (Execution activity)

The kitting consists of picking the right material and putting it in the right sequence before it
is sent to line for assembly. Kitting occurs at the platforms. The picking activity is digitally
connected, by the use of "pick-to-light" and "pick-to-voice". Pick-to-light consists of a light that
signals the need of a specific material to the worker who executes the picking. Pick-to-voice is a
similar approach, but instead a headset is used, where a voice signals the picker which materials
are to be picked. Both methods are digitally connected to the production planning IT-system and
as a result, the picking occurs automatically in the right order. As a result, the sequencing is also
digitally connected.

Internal transport 2: Digital level (Execution activity)

The second internal transport occurs between the different kitting platforms and the different
assembly lines. Even though the activity consists of different types of internal transports, the
level of digitalization is digital. The exception is in the case of the internal train, where the train
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driver is digitally connected to the takt-time of the production through a screen mounted on the
train. Some of the internal transports are completely analog meaning that the forklifts drivers
knows where material is to be delivered, often when a certain area contains pallets. In other words
some internal transports occurs only when a certain station contains material, and thus no signal
is used for those specific transports. These transports requires that the forklift drivers knows the
incoming material so that the material is delivered to the right place. Two transports are also
digital, meaning that the forklifts receives information about material that needs transport but
without being connected to the production IT-system. An example of this is through the use of
specific orders from line that goes directly to the forklift screen.

Manufacturing activities

The authors have identified the follow manufacturing activities as a part of the Scania Cab assembly
based on observations and interviews of Manager Industrial Engineering Cab Assembly, Manager
Line Engineering and production engineers along with representatives from production planning.
One planning and five execution activities has been identified: production planning, material
handling. tightening, fastening, process checking and quality. These activities and their digital
levels are presented in Table 6 below and their sub-activities will be discussed below. These
activities takes place on and in close connection to the assembly line.

Table 6: The activities of the manufacturing process
(Source: Own illustration)

Production planning: Digital level (Planning activity)

The production planning department is responsible for scheduling the production order and plan-
ning when cabs are supposed to be manufacturing and assembled. Once an order from a customer
is received, the production planning breaks down the cab into components through a production
planning IT-system which is then communicated to the material planning department. The plan-
ning of the production order is called sequencing and is done through the production planning
system and adjusted manually if needed. The production planning department works across the
press, body, paint and assembly workshops but has dedicated personnel for each area. A part of the
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production planning is called "stockout emergency" where personnel works specifically with identi-
fying shortages, mistakes and faults on material, usually on line. This personnel also communicates
with the material planners.

Material handling: Digital level (Execution activity)

Material handling in the manufacturing department is divided into three sub-categories: kitting,
picking and transport. Kitting happens at the sub-assembly stations that feed the line. These
kitting stations are implemented into the sub-assemblies versus logistical kitting where there are
individual kitting platforms. These kitters use pick-to-light to kit parts for operators that will
assemble the parts. On the line, the assembly operators picks the material from racks and into the
cab, hence the picking sub-category. This activity does not include any digital level or verification.
They are refilled by logistical internal transport 2. The last material handling activity is internal
transport between sub-assemblies and the main assembly line. These happen the same way as
logistical internal transport 1 - IT, where the operator moves the material from the sub-assembly
to the assembly line once it is ready for pick up and no digital signal or communication is used.

Tightening: Smart Connected level (Execution activity)

The tightening of screws and bolts to safely secure an assembled part is a big part of the assembly
system at Scania. This activity happens at all assembly lines except Line 9. This activity is split
into two sub-activities that happen: registration of the cab model and the actual tightening. The
tightening is done by high-end industrial tightening tools. These tools are programmed to tighten
the screw or bolt to a certain angle and torque to meet requirements and ensure quality. Once
the cab enters the operators position, the cabs ID-number is scanned from a bar code on the cab
and the tool controller is updated automatically with correct angle and torque setup to ensure the
correct variables depending on the cab model, hence the sub-activity of registration of the cab.
Once the cab is scanned, a signal goes to the production planning system and the right tightening
configuration is input into the tool and its control unit. If the cab is not scanned, the tightening
tool will not activate. Once the cab is registered and the control unit is updated with the correct
configuration, the operator can physically tighten the bolts or screws using the tool. Since the tools
are digital and automatic, the applied torque and turning angle is saved and uploaded into its own
IT-system. This is done due to laws and regulations because information about bolts and screws
that can be dangerous if loose needs to be saved and stored in case of failure. There are three types
of bolts defined by Scania: C, L and M-classification. C and L-bolts are required to be digital and
stored because these are considered important in case of failure that can cause dangerous situations
(for example if the steering wheel is loose, hence, the steering wheel is tightened according to C
and L-classification). M-classified bolts are bolts that wont cause dangerous situations if failure
occurs (such as the cup-holder falling off), these bolts are not tightened with a digital tools. The
applied torque and turning angle applied to the bolts by the tightening tools is saved and stored.
This information can today be manually analyzed. This is done today only when a failure occurs,
either a wrongly tightened screw or a failure occurs after the assembly process (for example in
use).

Fastening: Analog level (Execution activity)

Fastening of parts is the second assembly method on the assembly line. This activity consists of
operators assembling items onto the cab manually, usually by fitting concepts such as snap-fits.
This activity happens on each line. The material needed is picked, and fastened manually. Once
the operator has fastened their parts, they sign a the cab-document (the cab document is manually
signed by each operator at each position to ensure traceability).

Process checking: Analog level (Execution activity)

Process planning develops assembly process plans compiled into element sheets for each part and
component that is assembled of how and where it is to be assembled. Although every operator
is trained, with a huge variety of cabs with different sizes and configurations, there are many
variations of the assembly operation. These element sheets are printed out and put in binders for
operators to double check if they are unsure of an assembly operation. These sheets exist on paper
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in binders and are mounted on the wall. If a process, part or component is updated, the process
plans has to be updated, printed out and replaced on each respective line.

Quality: Digital level (Execution activity)

Each line has a position to verify quality of the assembled parts before it leaves the line. This
is done manually based on the type of cab and its configuration. The quality operator receives a
printed paper from a printer with notes on what is to be checked on this cabs specific configuration
and model. The quality operator then checks manually if parts are fastened and tightened correctly,
once the quality operator has checked that the operators earlier on the line has completed their
job correctly, the cab moves on and the paper is disposed. No verification that the cab has been
inspected is stored. Once the cab is inspected, the cab-document is also checked to make sure
each operator has signed that their operation has been completed. This document follows the cab
from Line 1 to Line 9, where the document is manually scanned into a computer due to laws and
regulations where the document is required to be saved for twelve years to ensure traceability of
who assembled what and when it was done. Although every individual line has their own quality
operator to verify that every operation was completed correctly, Line 9 only performs quality
checks. On Line 9, door line and the dashboard line, electrical tests are done by computers to
verify the electrical and computers systems of the cab. This is done by an operator that connects a
computer and runs a diagnostics program. The air vents, windows, wiper blades and several other
functions of the cab are also checked and verified on Line 9.

As summarized in Table 5 and Table 6, logistics and manufacturing activities with different levels
of digitalization collectively forms the overall process of the Cab Assembly. As the process of the
cab assembly is very big and complex, the following figure presents how the activities of logistics
and manufacturing interact and where they are found within the cab assembly process. The level
of digitalization for each activity is also illustrated through a color-graded scale that builds on the
digitalization pyramid used for this analysis.
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Figure 48: Physical and Information flow
(Source: Own illustration)

As shown above in Figure 48, the cab assembly process consists of the twelve logistics and manufac-
turing activities previously discussed. In general it is clear that a lot of activities within the process
still lacks any form of digitalization, and many activities are still only merely digital. How the
activities interact with each other is illustrated with black arrows, as they show how the physical
flow takes place within the process. The orange arrows illustrates how information is transmitted
within the process. There are numerous internal IT-systems at Scania Oskarshamn and the overall
IT-architecture is too complex to illustrate. To summarize, legacy IT-systems are variously used
and it is not uncommon that information flows just by the interaction between employees.

To detail how the two processes of logistics and manufacturing forms the basis for the bigger
assembly process, the following section will focus on the process maturity.

8.3 Level of process maturity

Moving on from analyzing the activities of the cab assembly, the focus is now to analyze the
logistics and manufacturing as individual processes. This is illustrated in the figure below.
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Figure 49: The processes of logistics and manufacturing
(Source: Own illustration)

The assessment builds on the methodology presented earlier in Chapter 7.6.1. To identify the
overall process maturity, the model presented by Lockamy and McCormack (2004) is used. To
identify the level of process maturity (Ad Hoc - Defined - Linked - Integrated - Extended), three
categories with underlying attributes forms the basis for the analysis:

• Capabilities: Control, Predictability, Effectiveness

• Information sharing: Connectivity, Information quality, Willingness

• Supply chain integration: Internal, External

These three categories and their underlying attributes, further detailed in Chapter 7.6.1, will be
analyzed with support by the maturity assessment attribute levels scale also detailed in Chapter
7.6.1. The scale and its levels is repeated below.

• Excellent: Greatly exceeds expectations. Delivers considerable benefits.

• Good: Consistently performs well. Delivers noticable benefits.

• Average: Satisfactory. Some aspects may cause problems.

• Limited: Deficient. Likely to cause problems.

• Poor: Unsatisfactory. Very likely to cause significant problems.

Once the analysis of the underlying attributes forms the basis for the assessment of the three
categories mentioned previously, the overall maturity level for the logistics and manufacturing
processes can be mapped. The research question is presented and answered below, individually for
logistics and manufacturing

RQ2: What is the current level of process maturity and thus the level of integration
for logistics and manufacturing?

Logistics process

From interviews with several employees including head of logistics, material planning, head of
internal material transport, head of receiving and logistics engineers, the process maturity was
assessed. Scania ranks as "linked". In Table 7 below, a compilation of the three categories and
their rankings as well as the overall process maturity level is presented and detailed below.
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Table 7: The assessment of the process maturity for logistics
(Source: Own illustration)

For the first category, capabilities, the overall results are positive and Scania ranks high due to
very precise measurements of both control, predictability and effectiveness. The set targets are
met and they are continuously being thoroughly analyzed on both daily, weekly and monthly
basis. Also, the ability to raise targets within the financially approved framework has also been
shown repeatedly. As a result both control, predictability and effectiveness ranks as "good" on the
five-level scale of attribute maturity.

For the second category, information sharing, Scania ranks lower specially due to the connectivity
throughout the process. Therefore the connectivity attribute has been ranked as "limited", as both
software and hardware support technology functions independently for each system within the
logistics process. The second attribute, information quality, ranks as "average". Even though it is
higher than that of connectivity, the result is still quite low. This is due to the fact that information
content is not always accurate, timely and in some cases it is none existing meaning that needed
information is not shared. Lastly, the third attribute willingness also scores as "average". As
information is generally shared within the process willingly but in some cases ad hoc, the result
could be better if Scania worked directly with improving the levels of which information is being
shared.

As a result of the aforementioned results the third category, supply chain integration also results
in a quite low score. For internal integration, the score is "limited". This is mostly due to the lack
of connectivity and the overall results of the previous category information sharing. Lastly, the
external integration is somewhat higher, with a score of "average". Scania works with suppliers
and works well with integration towards other intra-company departments, but as the overall
connectivity at Scania is low a higher level of the scale is difficult to reach at the moment. Important
to note is that Scania works closely with suppliers and often take part in developing processes for
assembly or production in cooperation with many of their suppliers. They also share information
such as stock levels.

Manufacturing process

After interviews with several employees including head of industrial engineering, production plan-
ning, head of cab assembly and production engineers, the process maturity of the manufacturing
process was assessed.

Scania ranks as "linked". In table 8 below, a compilation of the three categories and their rankings
as well as the overall process maturity level is presented and detailed below.
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Table 8: The assessment of the process maturity for manufacturing
(Source: Own illustration)

For the first category, capabilities, Scania ranks high due to their robust assembly process and
continues to deliver world class trucks with a high quality. The set goals are continuously met
and daily updates at several levels communicate these targets and any potential problems. With
the introduction of the new NTG-series (New Truck Generation) the cab assembly was able to
quickly manufacture a new truck series with high standard and on time leading to Scania exceeding
expectations. Control ranks at the highest possible level of "excellent" due to Scanias ability to run
both the old and the new truck series at the same time on the existing assembly line. Performance
objects such as quality, deviations and time are met at an expected cost leading to a score of
"good" predictability in the manufacturing process. Effectiveness is also ranked as "good" due
to Scanias ability to continuously raise targets for cabs manufactured per day, raising goals and
output through Kaizen-improvement projects.

For the second category, information sharing, Scania works internally with sharing information at
several levels, both daily, weekly and long term through meetings and updates. Connectivity for
information sharing based on software and hardware can be improved and many poor solutions
are present. While the connectivity might not be at top, leading to a "limited" ranking, due to
much information being passed on by paper, phone or in-person. The information shared between
the different actors in the assembly process is also limited due to lack of information and the lack
of the right information at the right time. Due to the nature of daily meetings throughout the
hierarchical structure, some information is lost and might not reach the right person leading to a
score of "average" The willingness to share information ranks higher at "average" because there
is a lot of wish to share information, but due to a limited connectivity and limited information
quality, the willingness is only ranked as "average".

For the last category, supply chain integration, the whole assembly process meets their expected
results over time in terms of produced trucks, with few faults and deficiencies over a long period of
time. The internal integration within manufacturing ranks at "limited". Although the production
planning is done for all of Scania Cab, not only assembly, there are disconnects between the different
shops (press, body, paint and assembly) which may cause problems in day-to-day operations leading
to a ranking of "average". As manufacturing is their own function in Scania Cab Assembly, their
connection to other functions such logistics and R&D is not top notch where information sharing
needs improvement, the external supply chain integration of manufacturing is ranked as "average".

Assembly process

From the process maturity assessments of the logistics and manufacturing process, a brief assess-
ment of the two processes put together to a bigger process can be conducted. As integration
through the whole supply chain is imperative for successfully implementing Industry 4.0 concepts,
the developed assessment model used in this study is scalable. The figure below illustrates how
the two processes of logistics and manufacturing becomes sub-processes of the bigger Scania Cab
Assembly process.
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Figure 50: The process of Scania Cab Assembly
(Source: Own illustration)

For the first category, the three attributes control, predictability and effectiveness scores high at the
level "good". The set targets are continuously being analyzed and new targets are repeatedly being
set. The second category has lower results, as both connectivity and information quality scores
as "limited". Willingness is somewhat higher at "average". Onto the last category, supply chain
integration, both internal and external integration scores as "average". To summarize, Scania
works very well with their capabilities and are not too far behind on supply chain integration
whereas the category information sharing still lacks a satisfactory result, mostly due to the level
of connectivity and the information quality.

The final level of process maturity for Scania Cab Assembly is set to "linked". The compilation of
the process maturity attributes and the overall process maturity level is shown below in Table 9.

Table 9: The processes of logistics and manufacturing
(Source: Own illustration)
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As the process maturity for Scania Cab Assembly has been assessed to be "linked" through their
capabilities, information sharing and supply chain integration, the connections and synergies be-
tween the two functions will be discussed and analyzed.

8.4 Synergies

There is one research question related to developing an understanding of the current synergies
taking place between logistics and manufacturing at Scania Oskarshamn.

RQ3: What are the current synergies between logistics and manufacturing?

This discussion is based on what the authors have previously identified as logistical and manufac-
turing activities along with the processes for the cab assembly to identify synergies.

On a planning level the productions planning and material planning of the cab assembly have
a very strong connection. Through communication and close work they ensure that the mate-
rial is at the right place at the right time, to ensure the set production plan and order can be
achieved. Day-to-day control meetings as well as weekly meetings between the two functions occur
leading to great collaboration and can be considered a common feature between the two where
Chikah (1999) considers the focus on operations and day-to-day operations. While the operational
functions are defined and split, spill-over effect of shared information is found through continuous
communications.

Buzzell and Gale (1989) defines four mechanisms can can add value through synergies in an or-
ganization: (1) shared resources/activities, (2) spill-over benefits, (3) similar business (knowledge
and skills) and (4) shared image. These four will be the basis for identified synergies in Scania
Cab Assembly between manufacturing and logistics.

Shared resources/activities can be found in material handling and transport where both manufac-
turing and logistics handle material and transport. Activity 6: Internal Transport 2 that transports
material from kitting stations to line and activity 8: Material handling that transports material
from sub-assemblies to line are more or less identical and they share forklifts and personnel which
also causes spill-over benefits between the two functions.

Synergies through spill-over benefits can be found at the kitting activities (activity 5 and 8) for
both logistics and manufacturing. Both departments utilize pick-to-light and pick-to-voice at
different kitting stations (logistics at platforms and manufacturing at sub-assemblies). The shared
development and implementation of pick-to-light and pick-to-voice has spill-over effects into the
other function.

Similar business can be found in the day-to-day controls of logistics and manufacturing where meet-
ings are held and information such as goals and status is shared among colleagues and information
is passed up the hierarchical system up to the head of manufacturing and head of logistics that
work together causing synergies and spill-over benefits through continuous day-to-day meetings.
Scanias focus on the Lean philosophy is deeply embedded in the way Scania conducts business
and runs its organization, similar business and goals can be seen in logistics and manufacturing at
Scania Cab Assembly with lean tools such as visual management.

Shared image is the fourth mechanism that can add value through synergies explained by Buzzell
and Gale (1989). For large organizations an example of shared image can be through its core
values. Scanias core values of customer first, respect of the individual and elimination waste is at
the core of all functions and processes at not only globally, but at Cab Assembly as well. The
shared image of these core values drives synergies where improvements and changes are driven by
Scanias core values to put the customer first by providing them with the best possible truck with
the best possible quality at an affordable price. These goals are met while keeping the respect of
every individual employed at Scania while eliminating waste in operations. These values are found
in both logistics and manufacturing leading to synergies when both functions base their operations
and strategies on shared core values.
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9 Scania 2030

The second part of the study consists of the scenario for Scania in 2030, where the activities within
the logistics and manufacturing process, as well as their overall process maturity will be assessed.
Lastly, synergies will also be detailed and discussed.

Figure 51: Second part of research questions to be answered.
(Source: Own illustration)

9.1 Level of digitalization

Taking all aspects of the future manufacturing environment described earlier in the theoretical
framework into account, it becomes clear that digitalization and Industry 4.0 does in fact hold
huge potential for Scania. The 2030 scenario will undoubtedly change the manufacturing environ-
ment for Scania, as enormous amounts of data will increasingly allow for predictive functionalities
and autonomous systems. With this said, logistics and manufacturing activities will still exist
within the future factory. In common, is that high levels of digitalization is expected. At the
top of the digitalization pyramid presented earlier, is the "Configuration"-level. At this point,
self-configuration for resilience, self-adjustment for variation and self-optimization for disturbance
are good examples of what encapsulates a fully digitalized manufacturing environment. Important
to mention is the necessity of completely digitalized processes. In other words; for Industry 4.0 to
be fully implemented in the manufacturing environment, all activities must have reached the level
"Configuration". If consciousness and interoperability is to be found at Scania, all activities must
be digitalized to the level of "Configuration" regardless of the specific need of digitalization for the
activity. In the section below, the activities taking place within logistics and manufacturing today
will be assessed from a 2030 scenario perspective.

RQ4: What encapsulates fully digitalized logistics and manufacturing activities at
Scania Oskarshamn 2030?

To answer this question, the identified activities in the assembly process will be presented in their
"Configuration" state, which shows how the activities will look in 2030. The logistics activities are
presented below followed by the manufacturing activities.

Logistics activities

Table 10: The activities of the logistics process 2030
(Source: Own illustration)
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Material planning: Configuration (Planning activity)

With autonomous order processing and smart contracts as described by Hofmann and Rüsch
(2017), together with visibility throughout the supply chain (Schrauf and Berttram, 2016), material
planning will increasingly be able to directly focus on adding customer-value. Connectivity and
rigorous, integrated IT-systems that enables end-to-end collaboration with suppliers will enable
material planning access to real-time data, which in turn will contribute to working more proactive
and less reactive. Signals that triggers potential problems such as shortages of raw materials can
be transmitted and handled before causing problems. For material planning, the self-optimization
due to disturbances will result in higher levels of resilience, even though the supply-chain might be
subject to frequent disturbances on a daily basis. Thus, the overall change will be the proactive
way of working, together with the increased focus on adding customer-value.

Receiving: Configuration (Execution activity)

The transformation of the receiving operation begins with inbound logistics. Incoming trucks
will be digitally connected with other trucks as well as the receiving operation and communicate
their real-time position, from point-of-origin to point-of-arrival (Schrauf and Berttram, 2016). The
seamlessly connected IT-infrastructure across the whole supply chain will inform the internal IT-
system at Scania of the arrival of the goods, optimizing just-in-time and just-in-sequence delivery
(Hofmann and Rüsch, 2017). With RFID-sensors on all incoming goods, the receiving operation
will know what has been delivered and where the goods are going. SMART-objects such as AGV’s
will conduct the transport of goods to the appropriate storage unit with information transmitted
to the AGV in real-time from the internal IT-system.

Storage: Configuration (Execution activity)

Inside the warehouse, inventory levels are updated constantly in real-time through the use of
sensors embedded in the goods and the warehouse itself. Big data analytics are constantly being
performed and system failures are predicted so that proactive configuration takes place before
allowing the potential problems to escalate. The connection to the internal IT-system and the
overarching horizontal infrastructure, allows the storage activity to become more or less completely
autonomous. It is expected that maintenance and control will still require human interface, but
the overall execution of the activity is completely autonomous.

Internal transport 1: Configuration (Execution activity)

Autonomous internal transport with constant connection to both internal IT-systems and to the
whole supply chain, will allow for optimized material handling. SMART-objects such as AGV’s,
that constantly receives information about which goods needs transportation, will execute internal
transportation seamlessly on the factory floor. Together with RFID-technology embedded in the
goods, the point-of-arrival positions will be prepared for receiving the goods at the same time
as the process is controlled in real-time. Analysis will show potential threats to every internal
transportation and as with the previous activities, proactive work will encompass the management
of these processes.

Kitting: Configuration (Execution activity)

Though kitting is currently a very labor-intensive activity (Schrauf and Berttram, 2016), the aid
and support from collaborative robots in the 2030 scenario will reduce cost and enhance the overall
quality for this activity. Augmented reality and other wearable devices will support with real-time
information and management support for the kitting, at the same time as collaborative robots will
enhance ergonomics. Data analytics can also inform about specific goods and if and when problems
are likely to occur. As for the previous activities, traceability and proactive work summarizes how
the kitting will be executed.

Internal transport 2: Configuration (Execution activity)

Internal transport will be autonomous and self-configurable. See Internal Transport 1 for descrip-
tion of key enabling technologies and how the scenario of 2030 will affect internal transportation.
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Manufacturing activities

Table 11: The activities of the manufacturing process 2030
(Source: Own illustration)

Production planning: Configuration (Planning activity)

With the increase of traceability of items, parts and components, more agile production planning
will take place. Live real-time updates of information through the digital supply chain will allow
AI-software to optimize the production order for the assembly line. Several parameters exist for
how the production planning department should plan the production order, AI-software trained to
consider these parameters and any other relevant information such as current warehouse status,
transport status and market-demand will optimize the production order. Any disruption, update
or status-change in the system would automatically update the AI-ran production planning and
allow configuration of the order if need be. Hofmann and Rüsch (2017) explains how real-time
tracking and identification of incoming goods will improve production planning and allow a more
resilient and adjustable system that can optimize due to disturbance.

Material handling: Configuration (Execution activity)

Material handling as an manufacturing activity will in 2030 seamlessly merge with the logistical
transport activities. Real-time information and planning will decrease the need for storage space
close to the assembly position with an increase of Just-In-Time systems. The material handling on
the assembly station will be assisted by collaborative robots allowing operators to control a larger
range of responsibility and positions on line. With connected parts and components, real-time
information of parts are waiting to be assembled and what parts has been assembled onto the cab,
automatic ordering of new parts will happen, eliminating the need for manual scanning or ordering.
Calderone (2016) gives examples where the introduction of collaborative robots has reduced the
need for operators, giving one operator the possibility to do the job of several operators with the
support of collaborative robots.

Tightening: Configuration (Execution activity)

The tightening of screws and bolts will also exist in 2030. The connected tightening tools will
be updated with the correct configuration when the cab enters a new position because of the
connected cabs, removing the need for the operator to scan the cab once it enters the position.
The storage and analysis of all information regarding torque and angle applied will allow for self-
configuring machines that will not only update themselves but create new configurations with the
introductions of new designs. The connected tools will be a part of a cyber-physical system that
updates their status and communicates with verification systems to update when the operation
has been completed, reducing the need for a analog paper cab-document.

Fastening: Configuration (Execution activity)

The fastening of parts will be assisted by collaborative robots easing lifting, tilting and insertion
of parts working in close relation with operators. Some fastening operations will be harder for
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collaborative robots to do than others, meaning operators will still have a crucial role in Scanias
2030 assembly shop. While it is unsure how exactly a digital fastening activity will look, the
verification that the operation is completed will be an essential part of digitalization at Scania.
The implementation of Cobots and AR will be a big part of the fastening activities in Scania 2030.

Process checking: Configuration (Execution activity)

Process checking and element sheets will be one hundred percent digital. The need for process
checking might actually be greater in 2030 where operators are expected to work a greater range
of operations requiring more skills. The implementation of AR-systems to assist the operator both
in tightening, fastening and process checking is crucial. AR-systems will allow the operator to
access the correct information instantly, allowing for rapid change in product design or production
order for example. Cohen et al. (2017) has developed a case study with the introduction of
augmented reality where the operator, product, tools and work station are all connected with a
cyber representation with information about each one respectively allowing the operator to work
with different tasks with reduced time in training. The case study also led to increased ergonomics
due to adaptable assembly stations and increased efficiency it day-to-day operations.

Quality: Configuration (Execution activity)

With connected products, real-time updates of how everything moves in the plant, quality and
defects will be predicted at a higher rate. The connected machines and collaborative robots will
share their data and gathered information about the environment to predict defects before they
happen or right when they are about to happen to give warnings to operators for example if
something is not assembled correctly. Reducing the need for end-of-the-line quality inspections.
The diagnosis of the cabs electrical and data systems will be stored, saved and analyzed digitally
allowing systems to find deviations and expected faults. With every operator connected to the
Cyber-Physical system, the verification of completed operations (the cab-document today) will
automatically recognize what operator completes an operator and logs this in the cabs database
itself as a part of end-to-end engineering. As for any end-of-the-line quality inspections where
paper with inspection points are used today, AR-technology could help to keep this information
while allowing access to more information about the vehicle and inspection points as needed.

As summarized previously in Table 10 and Table 11, logistics and manufacturing activities will still
exist within the Cab Assembly at Scania, though all activities will have reached the "Configuration"
level of the digitalization pyramid. As a result, the Cab Assembly process at Scania in 2030 with
fully digitalized logistics and manufacturing activities will be different. It is likely that the Scania
2030 scenario will cause a system re-design, where the assembly process might be subject to
complete reconfiguration. The figure below illustrates how the process with the same activities
present in the assembly today. With this said, no effort has been made to illustrate the layout of
the assembly process due to the likelihood of a re-design.
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Figure 52: The Cab Assembly process in 2030.
(Source: Own illustration)

With the overarching consciousness and interoperability across the whole supply chain, decentral-
ization and autonomy within the assembly process at Scania will be increasingly found. Smart
objects will be able to navigate themselves through the production site, but more importantly the
way Scania conducts business and how the assembly process is managed is likely to fundamentally
change. For logistics, the dilemma between cost-reduction and delivery service will decrease and
for manufacturing the dilemma between cost-reduction and quality improvements will decrease.
This is mainly due to the real-time data available within the system and the autonomy that allows
for highly flexible, reconfigurable processes.

In Chapter 5.8.2, Hofmann and Rüsch (2017) lists three customer value components where the
first, value of availability, is based on the availability of products and services through autonomous
delivery. For Scania, value of availability holds huge potential. With thousands of suppliers
and many different delivery sites, autonomous transport both for inbound logistics and outbound
logistics will increase delivery services. Thus, value of availability is for Scania equally important
for internal customers as for external customers.

The second, value of digital integration, consists of the transparency and traceability throughout the
whole supply chain. For Scania the accuracy of data in real-time enabled by the digital integration
will decrease the current problems with traceability of goods and materials.

The third and last component is the value of digital servitization. With this, value is prolonged way
beyond the classical point-of-sale (Hofmann and Rüsch, 2017). In other words the digitalization of
the whole supply chain will allow Scania to prolong value-adding activities. New forms of value-
adding services can be developed and the accumulation of gathered real-time data will assist in
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the development of these new services.

For manufacturing, collaboration between all activities is present. The connection of all parts
of manufacturing (product, tools and operator) into a Cyber-Physical System will gather data,
analyze and cognitively configure the manufacturing system to match abrupt changes. Data can
give information about how an operator performs better at one station compared to other stations,
allowing management to optimize operator positions. The tools used within the assembly will
possess a self-diagnostic ability enabling the prediction of maintenance. Material handling through
collaborative robots will be integrated with internal transport reducing the need for excess storage
on the assembly line.

All these aspects of a self-configurable manufacturing process will be a part of a paradigm shift
within the manufacturing process at Scania, again holding huge potential to manufacture cabs
to meet the changing market demands of individualization, volatility and sustainability. The
connected manufacturing process will become a part of the digital supply chain in a higher regards
compared to today. As the logistics and manufacturing activities becomes further digitalized, the
level of process maturity will also increase.

9.2 Level of process maturity

Two questions will be answered for the 2030 scenario of logistics and manufacturing process ma-
turity:

RQ5: What is the level of process maturity and thus the level of integration for
logistics and manufacturing in 2030?

Overall, the key change in regards to process maturity and the level of integration, is that of the
shifting form of competition. As previously discussed and stated by Kagermann (2015), competi-
tion between individual organizations will shift towards competition based on multi-firm networks.
For this to become a reality, the three arcs of integration; horizontal, vertical and end-to-end en-
gineering plays a vital role. As all three are based on rigorous and autonomous IT-based systems,
the attributes assessed in regards to process maturity must fulfill the requirements of complete
process maturity - Extended. At this point, advanced process practices allows for transfer of re-
sponsibilities without legal ownership in place. Established trust and mutual ownership holds the
extended network together and a horizontal, customer-focused, collaborative culture is firmly in
place.

As a result, the three categories of process maturity; Capabilities, Information Sharing and Supply
Chain Integration must be developed to the point of which full integration is reached. Connectivity
and willingness will be the cornerstones that together forms the basis for full integration, and as
discussed earlier organizations tend to invest heavier in connectivity than in willingness. In the
2030 scenario though, all categories of the process maturity should be firmly developed to the point
of "Excellent - Greatly exceeds expectations. Delivers considerable benefits".

The table presented below shows how the individual processes of logistics and manufacturing merge
directly in the Scania 2030 scenario. As a result, the bigger process of the Assembly and eventually
of the whole plant in Oskarshamn is the main area of interest when assessing the process maturity
for the 2030 scenario.
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Table 12: The processes of logistics and manufacturing in 2030
(Source: Own illustration)

As previously discussed, all three categories and underlying attributes will in the 2030 scenario
have reached the level of "Excellent". For Scania, the control of the process will be vertically
integrated at the different hierarchical levels (e.g. actuators and sensors, control, production, man-
agement, manufacturing and executing and corporate planning levels). The management of targets
will be increasingly autonomous with self-configurable systems that use big data and analytics to
improve operations. The predictability of the process will take the form of a constant loop of
improvement, where real-time data and proactive solutions to problems will enable for the contin-
uous self-optimization of the process. As a result, the effectiveness of the process will continue to
improve. Scania will, as a result of vertically integrated processes, reach "Excellent" levels of the
three attributes that constitutes the process capabilities.

For information sharing, horizontal integration across the whole supply chain will enable for the
three attributes to reach the level of "Excellent" in the 2030 scenario. Thus, integration of all
stages of the manufacturing and business planning processes that involve an exchange of materials,
energy and information both within a company and between several different companies will take
place. For Scania, it will be crucial to further the development of connectivity and willingness, as
these attributes are fundamentally important to reach the level of process maturity; "Extended".
Information quality will also be "Excellent", enabled by integrated IT-systems that transmits
correct and sufficient data in real-time.

For the third category, Supply Chain Integration both internal and external integration will have
reached the level of "Excellent" in the 2030 scenario. This will partly be due to the vertical and
horizontal integration discussed previously but also through the end-to-end engineering integration
throughout a products’ life-cycle. The end-to-end digital integration of engineering reaches across
the entire supply chain. As a result, the digital and real worlds are integrated across a prod-
uct’s journey from raw material to finished product at the same time as incorporating customer
requirements. For Scania, this will enable high levels of traceability and agility within the manufac-
turing processes, which in turn will enable for the increase of focus towards customer value-adding
activities.

For Scania to reach this level of process maturity, it is imperative that Scania starts to develop
the process-oriented strategy. Failing to do so will result in difficulties when developing the three
arcs of integration - horizontal, vertical and end-to-end engineering. Successfully implemented,
Scania positions itself very strongly as a collaborative firm basing its competition on the overall
performance of the whole supply chain.

9.3 Synergies

RQ6: What synergies are found due to digitalization?

As the three arcs of integration will play a major role in process maturity for Scania 2030, they
will also enable synergies between manufacturing and logistics. Digitalization and the sharing of
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information is in it self enabling synergies where digitalization and the fourth industrial revolution
is based on the common features made possible by connectivity and the ubiquitous availability of
data. As stated by Chikah (1999), common features by logistics and manufacturing will enable
for strong synergies between the two. Increased connectivity and information sharing for Scania
2030 will enable the goals of common features set forth by Chikah (1999). Buzzell and Gale (1989)
also details how shared resources and spill-over benefits of marketing and R&D are ways synergies
can add value. A further connection and real-time updates to purchasing, marketing and R&D
departments, allows them to easier access information to aid their day-to-day work to ensure a
fully end-to-end engineering process.

Todays synergies and cooperation between the material and production planning functions will
with increased connectivity and interoperability allow for further information sharing real-time
with self-configurable machines and enabling a conscious system. An abrupt or unexpected change
with incoming goods from a supplier will automatically be input into the system and the pro-
duction planning software will configure the production plan, material routing and even assembly
configuration if need be as all systems are digitally integrated. The material flow from receiving
to assembly will seamlessly integrate with material handling on the floor that will be assisted by
AGVs and collaborative robots making sure the right material is at the right place at the right
time and reducing necessary storage on line leading to synergies through information sharing and
shared activities.

Since both the logistical and manufacturing department will find need for augmented reality tech-
nology, a shared investment in the research and implementation of these will give benefits to both
functions through a shared investment. Other investments such as research into AGVs and collab-
orative robots should be integrated with Scanias other business units and production units around
the globe where one investment and digitalization project can cause spill-over benefit other parts
of Scania, not only within Scania Oskarshamn.
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10 The gap between today and 2030

The third part of the study consists of the gap between today and the 2030 scenario. This chapter
will consider the road forward transitioning from Scania today to Scania 2030. Below, four phases
are presented for navigating the transition. From this, key steps for the overall transition from the
current state to the future Industry 4.0 scenario will be detailed.

Figure 53: Third part of research questions to be answered.
(Source: Own illustration)

10.1 From Scania Today to Scania 2030

From the previous chapters, the manufacturing environment at Scania today as well as the scenario
in 2030 has been detailed and analyzed. Scania today shows great potential for increased levels of
digitalization and even though the process maturity is fairly high, further development to increase
the process maturity can be done. The Scania 2030 scenario holds great potential with a fully
digitalized assembly as well as the highest level of process maturity. To be able to reach the Scania
2030 scenario, a transition from the current manufacturing environment must take place.

In summary, Scania today is solution-oriented and solves any occurring problems as fast as possible.
Though this is the case, it is clear that Scania still works in a very reactive manner. In essence, the
transition towards the Scania 2030 scenario will be tinged by the development of proactive work.
In other words the scenario in 2030 will be characterized by predictive analytics and integrated
systems that gathers enormous amounts of data, thus allowing the assembly process to function
proactive instead of reactive.

To transition from a reactive way of working to a proactive way of working, four phases has
been developed to guide Scania in their development towards the Scania 2030 scenario with a
fully digitalized manufacturing environment. The first two phases are characterized by still being
formed for reactive work, but the goal is to gather data and transform the data to useful knowledge.
Once the second phase has been reached, the third and fourth phase is characterized by being
formed for proactive work. At this point the identified functions of Industry 4.0, consciousness and
interoperability are increasingly being implemented into the assembly process.

The four phases, their characteristics and recommendations for Scania is detailed below.

10.2 Observe: What has happened?

This phase considers the "Digitally Connected" and "Smart Connection" levels of the digitalization
pyramid presented in this report. For process maturity, this phase should start the transition
towards the "Integrated" level of the process maturity model. The objective of the first phase is to
connect all activities and use this connectivity to gather as much data as possible. The extracted
data from the connected activities should be converted to useful information to answer the question
"What has happened?" in the assembly process.

Making all the activities and their sub-activities smart-connected is just the first step towards a fully
self-configurable factory. Once all activities are digital and connected, it is important to have one
main IT-system allowing all activities, operators and staff to add and access information in the same
IT-system, leading to a the smart connection level. As data is gathered from every activity and part
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of the organization, a digital observation of the operations can be created and the identification of
"What has happened" can begin. This will lead to a more advanced understanding of the assembly
operation and what is actually happening and will lay the groundwork for the second phase. For
Scania this phase includes reaching smart connection for all activities in the assembly process. The
current activities in their smart connection state along with recommendations is presented below.

Level of digitalization

Today, three of the identified activities are ranked as analog. These activities are performed using
no digital tools today. Receiving and fastening are two activities that perform as expected even
with a lack of digitalization. While they perform as expected, digitalization of all activities is
required. The connection of forklifts at the receiving operation to gather data about movement
will the first step. Process checking is also analog today but has huge potential within digitalization
to digitalize work instructions and element sheets to assist operators in their work. A digital work
instruction system will enable the possibility to instantly update these in case of changes to the
product or assembly process. Information about how often they are accessed and by whom that
can lead to the identification of what assembly operations might be hard or tricky. The cab-
document is also analog today as a paper-sheet that follows the cab through the assembly process,
digitalization of this document will be a pre-requisite for further digitalization of other activities
as well. There are five activities that are ranked as digital today. These activities are performed
digitally, often through separate IT-system and problems occur when the integration towards other
activities. Scania should connect these activities to a common IT-system allowing the extraction
of information reducing the need for reactive solutions used today. Two activities are classified
as digitally connected where the internal transport and kitting activities are connected to the
storage and production planning system along with material ordering system on line. Seamlessly
connecting these activities to the same system is desired. Finally, in the authors analysis, only
one activity was considered smart connected. Tightening is the activity that is ranked highest on
the digitalization pyramid. The tightening activity on the assembly line uses digitally connected
tools and gathers information of every operation that takes place and gathers this information in
a database that can be used to extract information.

While the mentioned digitalization of the evaluated activities will begin the road towards a fully
digital configurable factory, there are other pilot projects the authors has identified. Traceability
is a big part of a digital factory where all parts, components and products are tracked in real time
through tracking technology such as RFID. This tracking should be implemented with an end-to-
end perspective meaning the tracking should origin at the suppliers and stay active all the way to
the assembly line and even through the cabs transport to chassis factories through final delivery
to the customer. Tracked material will allow planning operations to see exactly where material is
in real time while gathering data of movement such as lead time and delays. Traceability of the
cab through manufacturing can eliminate the scanning of the cab at each assembly position. The
assistance of collaborative robots is another area Scania should implement pilot projects to assist
operators in kitting or assembly operations such as fastening. Such implementation can increase
ergonomics and reduce assembly time for example. While the digitalization of Internal transport
1 and 2 will gather data of their movement patterns, the implementation of AGVs is also a crucial
step towards a digital factory.

Level of process maturity

In the process maturity model used in this study, the three categories and their underlying at-
tributes focuses on different aspects of process maturity. In essence, the capabilities of the process
measures the performance of the process. Information sharing focuses on the degree of which in-
formation is being shared. Lastly, supply chain integration measures the level of integration both
internally within the organization and across the whole supply chain.

For Scania today and Scania 2030, different aspects of the process maturity measurement is im-
portant. For Scania today, performance is important and Scania scores high in the level of which
performance is measured, the category capabilities.
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Scania currently tracks and controls all activities and their deviations on a day-to-day basis. If any
problems occurs within any aspect of the process, all affected parties are informed and the infor-
mation about the incident is manually logged. A good example of this is the stockout emergency,
a department that works as a support between manufacturing and logistics. If manufacturing reg-
isters that a specific material is missing, the stockout emergency department is notified through a
phone-call. They immediately starts searching for the material, and if it isn’t found new material
is ordered in a last-minute manner meaning that the cost is very high. Simultaneously, manufac-
turing might have found the missing material and forgot to transmit this new information back to
the stockout emergency department. As a result, the incident that was in fact solved, is logged
and transmitted to the day-to-day control of the operation. Thus, the control of the process is in
fact in place but due to bad connectivity, information quality and willingness such incidents take
place when they don’t necessarily need to.

To develop the overall process maturity towards "Integrated", Scania needs to begin by furthering
the development of the information sharing. Not only is it the category that is the most difficult
to develop, but it is also the category that has the lowest score as of today. Transitioning from
"Limited" to "Excellent" through "Average" and "Good" for information sharing, will be a great
challenge for Scania. The main change that occurs is that problems are increasingly replaced with
noticeable results that are of great benefit. At "Limited", the attribute is deficient and likely to
cause problems. With the level of connectivity and willingness seen at Scania today (as with that
of the previously discussed example), real problems does in fact occur. Furthering the development
of information sharing towards "Excellent", Scania will notice how problems such the one discussed
in the example will disappear, and benefits as a consequence will be increasingly noticeable. As a
result, Scania needs to further their relationships within the supply chain and build trust between
different parties. Opportunistic behavior should decrease so that the willingness can increase. By
sharing information, opportunities to improve efficiencies and collaboration should be ceased.

Once Scania has managed to develop information sharing, further focus can be put to strengthen
internal and external integration. In practice, this means that Scania should develop the process
mentality and break down the functional silos currently present within Scania today. For this to
happen, Scania should develop cross-functional teams with common process measures and goals.
Once firmly in place, these teams should work to further the internal integration at Scania through
information sharing but also towards external parties such as suppliers and partners, so that the
external integration also increases.

10.3 Understand: Why is it happening?

This phase considers the "Data-to-information" and "Cyber" levels of the digitalization pyramid.
For process maturity, this phase should complete the transition towards the "Integrated" level of
the process maturity model presented in this report.

This phase builds on the previous phase by extracting knowledge and further information from
the gathered data. Once information is extracted it should be analyzed to understand "Why
is it happening?". The conversion of information to knowledge is a crucial step to identifying
improvement possibilities in the process.

Level of digitalization

The "Data-to-information" level includes analyzing gathered data where knowledge can be ex-
tracted for identifying existing patterns. Data analytics is a crucial step which again is based on
the implementation of a common IT-system for all aspects of the assembly process. This step in-
corporates knowledge through data analysis in connection with human analysis of the information
and knowledge extracted from all gathered data. The next level of the digitalization pyramid is
the "Cyber" level where every component, tool and operator is connected and a digital twin is
created. This will enable a level where different activities and operations can share and compare
their information and analyzed data, creating a more accurate analysis. These types of analy-
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sis will require a robust IT-structure, high data storage and data transfer capacity along with a
strong cyber security to make sure the information can’t be abused by actors outside of Scanias
organization.

Development at Scania in the second phase will be the extraction of information gathered in the
previous phase. With real-time location data of material and incoming transports, information
about lead time, repeated delays and route efficiency can be extracted and used for improvements.
Any breakdowns or traffic stops of incoming transports will instantly be reported to production
and material planning where necessary measures can be taken earlier than before. Real-time
transport information can be used to inform the receiving operations so they can plan accordingly,
compared to today where they don’t know how many trucks are coming throughout the day. With
continuously gathered data of material in storage, more efficient warehouse management can be
implemented that can lead to lower inventory time. For the internal transports and the receiving
operations in its current state of manually operated forklifts, it is a source of high amounts of
data gathered from the previous phase. In the second phase, the movement data from connected
forklifts can be used to analyze patterns, efficiency and improvements. The same can be done for
automated AGVs once implemented and their movement can be optimized through data analytics.
Information regarding kitting personnel such as their efficiency and mistakes can be extracted
and improvements can be applied where needed. This also goes for digital assembly instructions,
where access-information over time can show where and who has accessed the assembly sheets and
identification of difficult assembly actions can be used to improve future assembly ways. Utilizing
the digital cab-document can also show where most faults occur as found during quality check
during tightening or fastening operations. Todays tightening tools gather all information regarding
torque and angle applied, and continuous analysis of this data will be the next step towards a fully
digital assembly process.

Furthering the phase, the connection of all parts, components, tools, transports and operators will
allow a cyber representation of the system, also called a digital twin. Again pilot projects within a
small area of the factory with an end-to-end perspective from supplier to dispatch is recommended
for Scania to explore the area of digital twins. This can for example be one part from supplier,
through one storage, one kitting station and one assembly position. This small but thorough
representation will be a first step towards a fully cyber represented factory.

Process maturity

For the overall process maturity, Scania today is ranked as "Linked" whereas the Scania 2030
scenario ranks as "Extended". In between "Linked" and "Extended" in the process maturity
model lies "Integrated". As the transition for Scania towards "Integrated" has already begun in
phase one, Scania should have reached and fully developed their overall process maturity to have
reached "Integrated" in phase two. The process maturity levels are repeated below.

• Extended: Competition is based upon multi-firm networks. Collaboration between legal
entities is routine to the point where advanced process practices that allow transfer of re-
sponsibility without legal ownership are in place. Trust and mutual dependency are the glue
holding the extended network together. A horizontal, customer-focused, collaborative culture
is firmly in place.

• Integrated: The company, its vendors and suppliers, take cooperation to the process level.
Organizational structures and jobs are based on processes, and traditional functions, as they
relate to the supply chain, begin to disappear altogether. Process measures and management
systems are deeply embedded in the organization. Advanced process management practices
take shape.

• Linked: The breakthrough level. Managers employ process management with strategy intent.
Broad process jobs and structures are put in place outside of traditional functions. Cooper-
ation between intra-company functions, vendors and customers take the form of teams that
share common process measures and goals.

In essence, Scania needs to focus on developing their external integration towards suppliers and
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vendors. The main development that takes place between "Linked" and "Extended" is the shift
of competition, where integrated collaboration with suppliers and vendors becomes increasingly
imperative. To continue the process maturity development, Scania should further collaboration
through process integration. This is something that is only possible if the internal integration
and process maturity is already maturely developed. High levels of connectivity and willingness
will be key attributes for Scania when increasing their external collaboration. As a result, close
relationships within the supply chain must be established and technology links should be in place.
Strategic relationships is the next goal and trust must be in place.

For this to happen, Scania should expand their cross-functional teams to become intra-company
teams that works towards common goals and process measurements across the supply chain. This
will allow Scania to fully transition from "Linked" to "Extended".

10.4 Predict: What will happen?

This phase considers the "Cognition" level of the digitalization pyramid. For process maturity,
this phase should start the transition towards the "Extended" level of the process maturity model
presented in this report.

Phase three builds on the prediction of coming events through forecasting. The extensive observa-
tion and understanding from the previous phases will over time become a huge lake of information
and knowledge. This knowledge over time can be transformed to wisdom through AI-like software
where possible forecasts will be presented to human actors. This predictive capability is based on
previous experiences and can inform about possible maintenance failures and prepare for changes.

Level of digitalization

Once a cyber representation of every part of Scanias organization is in place, more advanced
analysis such as "What will happen" and "Why will it happen" are available and the cognition
level is reached. This level allows for integrated simulation in case of a change to the system
along with collaborative diagnostics and decision making based on analysis of what will happen.
This level will lead Scania and its activities into a prediction state where the system can predict
failures and such before they happen. For example the prediction of material shortage will be
enabled by having full traceability of transports and material from suppliers and the system will
know instantly if material will be late due to real-time tracking and updates from the transport.
Once internal transports are connected and breakdowns are reported, data analytics will enable
a predictive maintenance analysis where historic data of breakdowns can be used to predict a
breakdown of a truck before it happens and it can be fixed during manufacturing down-time.
This is also relevant for tools on the assembly line where they can be fixed or replaced during
non-working hours meaning manufacturing stop because of tool and machine failure wont exist.

Internal transport through AGVs will adapt to these predictions to reduce the risk of failure. This
level also includes the adaption of AR-capabilities as step up from digital work instructions where
head mounted AR-technology will assist operators and kitting personnel reducing the risk of faults
during operations.

Process maturity

With increasing levels of digitalization as well as established collaboration throughout the supply
chain, the process maturity can begin the transition towards the highest level of process maturity
- "Extended". At this point, the mentality of collaborative competition within the supply chain
should be established and Scania should work with developing their external integration even more.
As for the previous phases, connectivity and willingness also needs to be continuously developed.

For Scania to reach "Extended" of the process maturity model, their process-orientation needs
to be firmly in place. Not only is this a requirement for Scania, but also for their partners and
suppliers. As a result, Scania must lead the way within the supply chain and promote the process-
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orientation so that external integration can take place. Therefore, it will be important not only
for Scania to develop willingness and connectivity, but for suppliers and partners as well.

10.5 Autonomy: What should happen?

This phase considers the "Configuration" level of the digitalization pyramid. For process maturity,
this phase should complete the transition towards the "Extended" level of the process maturity
model presented in this report.

The final step is a fully conscious system that can operate itself autonomously. After transforming
through the previous phases by observing and understanding the system to predicting the future,
the system will be able to use this system to improve itself and consider the question: "What should
be done?". The application of AI and key technologies will allow the system to self-optimize based
on advanced analytics, self-configure and self-adjust to meet changes and become pro-active based
on system forecasts from the predict phase. This system can make these changes with little to
none human interference while providing crucial information in a strategic manner for executives
of Scania.

Level of digitalization

The final steps of the digitalization pyramid is the "Configuration" level meaning the the sys-
tem can make its own decisions and configure accordingly through prescriptive analytics that is
based on answering the questions "What should happen?" and "Why should it happen?". A fully
autonomous system where the system tells the operators and human actors how to improve the
assembly operations is a part of the configuration level. This level is still far away but the steps
to reach it will remain the same. By creating digital twins in the cyber level, Scania will lay
the groundwork for the data cognition and configuration systems that encapsulates a fully digital
factory.

Process maturity

With full autonomy within the process through self-awareness and self-configuration, control of
the process will be decreasingly important. If all data exists in real-time and the process can
compensate for lack of material or other issues, the effectiveness of the process will always be
maximized. If traceability through connected objects and integrated IT-systems exists across the
supply chain, predictability will always be fully developed and accurate.

For Scania in the 2030 scenario, process maturity is an important part of the autonomous manufac-
turing process. Through interoperability within the supply chain, connectivity and willingness will
have reached levels that enables Scania to operate their manufacturing autonomously. Relation-
ships with suppliers and partners is strategic, built on high levels of trust and shared information.
Technology integration has been a high priority in the relationship enabling high levels of connectiv-
ity. All relevant decision-making information is shared on a frequent and timely basis. Information
is accurate, honest and open. Opportunities for high levels of unique collaboration are identified
and leveraged via a strong information-sharing capability.
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10.6 Key steps

Having analyzed the gap and detailed the phases to fill the gap, an identification of key steps to
fill the gap must be performed. This will be done by answering the following research question:

RQ7: What key steps must Scania take to transition from today to 2030?

To transition from today to 2030, the two core functions consciousness and interoperability should
be the main focus for Scania. In other words, the development should be centered to increasing
the level of digitalization as well as increasing the level of process maturity. For each function,
three key steps has been developed for consciousness and for interoperability respectively.

Consciousness

• Increase digitalization level: This should be done through pilot projects with an end-to-end
perspective following the digitalization pyramid. The digitalization pyramid is not a linear
path, but several steps can be taken together while increasing the level of digitalization of
different areas of the assembly simultaneously.

• Ubiquitous IT-System: As consciousness represents the highest level of the digitalization
pyramid - "Configuration", a integrated and robust IT-system is required. All parts of the
Cab Assembly, from sensor level up to production and material planning should be connected.
Ultimately, integration with all of Scania Cab Production and Scania globally will allow for
a fully digitally integrated supply chain.

• Deploy digitalization priority: Identify areas and activities of logistics and manufacturing in
the assembly process where digitalization can have instant impact, improve operations and
add value. The deployment of a digitalization priority should support the development of
increasing the digitalization level.

Interoperability

• Three arcs of integration: By improving integration throughout and across organizational
borders, Scania can develop their level of horizontal, vertical and end-to-end engineering
integration. This is imperative for the successful implementation of Industry 4.0 concepts.
The development of the three arcs of integration should be prioritized to the point of which
the organizational structure at Scania is affected. Firmly in place, these integrations with
support by the ubiquitous IT-system will result in the transition towards proactive problem-
solving solutions rather than reactive.

• Increase process maturity: Through the process maturity model developed in this study,
Scania should focus on reaching higher levels of process maturity. Development to a state
where integration with suppliers and partnerships results in competition based on multi-
firm networks will be the new norm in the context of Industry 4.0. It is critical for this
development to happen that Scania leads the way in cooperation with supply chain suppliers
and partners.

• Develop process orientation: By establishing and continuously developing a process oriented
structure, cross-functional teams with shared responsibilities will facilitate the breakdown of
the traditional functional silos present at Scania today. By bringing functional expertise to
process teams, managers can bring a more holistic perspective back to their functions, making
them less silo-like. In conclusion, functions should not be erased due to the expertise that
exists within each function, but with a process oriented structure within the organization
Scania can ventilate the functional silos and further the cross-functional integration.

Knowing that the focus will be to develop the two functions consciousness and interoperability
through the key steps presented above, the following chapters will detail the conclusion of this
study.
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Part V

Conclusion

Part V will present the conclusion of study based on previous parts and chapters. This final
part is divided into Filling the Gap and Final Discussion. Filling the Gap will present the
roadmap and strategy developed for Scania. Discussion will consider reflections around the
completed work and important areas of criticism.
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11 Filling the gap

The filling of the gap will present the roadmap and the overall digitalization strategy for this study.
The digitalization strategy should support the roadmap so that higher levels of digitalization can
be reached. In other words the developed digitalization strategy should support Scania in their
path towards a fully digitalized manufacturing environment, where the roadmap encapsulates how
this transition should take place.

11.1 Roadmap for increased digitalization

The roadmap presented below builds on the four phases discussed in the previous chapter. In
essence, reactive work will increasingly be replaced by proactive work.

Figure 54: Roadmap for digitalization at Scania
(Source: Own illustration)

Phase 1: Observe

The objective of phase 1 is to connect all activities and use this connectivity to gather as much data
as possible. The extracted data from the connected activities should be converted to useful infor-
mation to answer the question "What has happened?" in the assembly process. This connection
of activities is based on the implementation of a ubiquitous IT-system.

Phase 2: Understand

This phase builds on the previous phase by extracting knowledge and further information from
the gathered data. The conversion of information to knowledge is a crucial step to identifying
improvement possibilities in the process. Data analytics is a crucial step which again is based
on the implementation of a common IT-system for all aspects of the assembly process. This step
incorporates knowledge through data analysis in connection with human analysis of the information
and knowledge extracted from all gathered data.

Phase 3: Predict

Phase three builds on the prediction of coming events and forecasting situations. The extensive
observation and understanding from the previous phases will overtime become a huge lake of
information and knowledge. This knowledge over time can be transformed to wisdom through AI-
like software where possible forecasts will be presented to human actors. This predictive capability
is based on previous experiences and can inform about possible maintenance failures and prepare
for changes.

Phase 4: Autonomy

The final step is a fully conscious system that can operate itself autonomously. After transforming
through the previous phases by observing and understanding the system to predicting the future
the system will be able to use this system to improve itself and consider the question: "What should
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be done?". The application of AI and key technologies will allow the system to self-optimize based
on advanced analytics, self-configure and self-adjust to meet changes and become pro-active based
on system forecasts from the predict phase. This system can make these changes with little to
none human interference while providing crucial information in a strategic manner for executives
of Scania.

11.2 Digitalization strategy

The key steps identified in Chapter 10.6 results in a digitalization strategy for Scania. The strategy
is the foundational mentality that should be used when furthering the development of digitalization
in accordance to the earlier presented roadmap. The strategy builds on the two core functions of
Industry 4.0, consciousness in the system that enables full autonomy together with interoperability
throughout the supply chain that leads to decentralization within the system. This is the overall
goal with increased digitalization. For this to become a reality, Scania must focus on the two
functions separately but simultaneously.

Scania must acknowledge the need for integration and information sharing throughout the supply
chain and by investing in connectivity and willingness the process maturity will increase. This can
only happen if Scania develops a process orientation, something that replaces the functional silos
present at Scania today. To support this development, the level of digitalization for all activities
within the process should evolve along the digitalization pyramid. By deploying a digitalization
priority, the overall process and digitalization development will facilitate for the implementation of
a integrated, ubiquitous IT-system. Collectively, this will lead to the development of the three arcs
of integration, where horizontal, vertical and end-to-end engineering works as the cornerstones
of integration when furthering the Industry 4.0 implementation. The digitalization strategy is
presented below in Figure 55.

Figure 55: Digitalization strategy for Scania
(Source: Own illustration)
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As a result of the development of the key steps presented above in the digitalization strategy,
Scania will be able to obtain an autonomous and decentralized system. By reaching the goal of
an decentralized communication system through interoperability, communication and information
sharing is simplified. The decentralization of decision-making through interoperability will facilitate
a fully integrated digital factory. In other words, all devices and actors are able to seamlessly
communicate with each other reducing the need for a central decision source. The second goal,
autonomy, is enabled by a conscious system. A system that can make its own decisions, can operate
autonomously.

It will be important to understand that, with the development of these aspects, the competition
will shift gradually and increasingly towards a collective, collaborative environment within the
supply chain. Scania will no longer compete on the basis of solely their own organization, people
and skills but rather in cooperation with their future partners, suppliers and other parties of the
supply chain.

11.3 Final considerations

The dual-strategy that has been developed with focus on the two core functions of the concept
Industry 4.0; consciousness and interoperability holds great potential for Scania. For Scania to
remain best-in-class and continue to deliver high quality trucks for a competitive price, digitaliza-
tion must be embraced. To conclude, it is clear that the manufacturing environment will change
and it is likely that increased digitalization will cause a complete system re-design for Scania. The
current continuous improvements that takes place will at some point, with increased digitalization,
result in a complete re-design of the system. Having developed a dual-strategy and a roadmap to
aid this development, Scania will be able to meet the arriving changes of increased digitalization.

Moving forward, the scalable analysis model that has been developed for this study can be applied
to other parts of Scania. Future work would include to apply the digitalization pyramid and process
maturity model to the press, body and paint shop at Scania Cab Production in Oskarshamn. A
further step would be to extend the analysis to Scania Södertälje. Finally, expanding towards the
supply chain, the analysis model would allow for the development of a digital supply chain tinged
by the two core functions of the concept Industry 4.0; consciousness and interoperability.
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12 Closing Discussion

12.1 General discussion

The manufacturing environment stands on the brink of a transformation. The digitalization of
processes, activities and businesses are causing a paradigm shift for logistics and manufacturing
which Scania is without a doubt subject to. As discussed earlier in the study, the overall knowledge
and research currently taking place around these subject areas are abstract and not yet fully
concrete. Applying the analysis model presented in this thesis developed by the support of the
established methodology, empirical findings and analysis laid the ground for the overall results and
recommendations. The results fulfill the purpose of the thesis and in general the applicability of
the results are high. The issue at hand is that of being concrete, as the field of study is still, as
mentioned previously, exploratory. As a result, the greatest challenge with this thesis has been to
apply firm Industry 4.0 and digital transformation theory on a case-study like that of this study.

Equally important to mention, is the potential barriers that might slow or halt the development
of digitalization. Based on the empirical findings and their analysis along with knowledge gained
from the literature research, barriers connected to increased digitalization has been identified.

• IT-competence and resources: As the core of Industry 4.0 is digitalization and the usage
of information to improve operations, heavy IT-competence and resources will be required
in the coming years at Scania. This competence is both IT-experts but, also the general
competence of IT-knowledge within workers, specifically project and implementation workers
in the logistical and manufacturing departments of Scania. Developing and recruiting IT-
talent both within the field of IT but also engineers with a broad knowledge within both
logistics/manufacturing and IT will be crucial to meet the fourth industrial revolution.

• Technology maturity and readiness: While new key technologies will define Scania 2030 it is
important to be aware how mature the potential technologies are and when the right time for
implementation is. The earlier technologies is implemented, the higher the cost and risk is
but also potential for reward becomes. This consideration must be made and can be viewed
as a challenge and a barrier moving towards a digital assembly.

• Willingness: As the connection and use of information in the fourth revolution is the key, any
amount of digitalization and gathering of information will be useless unless human actors are
willing to share the available information. Even the most advanced and digital supply chain
and its perfect connectivity will be deemed inadequate.

• Change management: The area for which the use of resources, processes, operations and
structures within organizations is transformed is collectively referred to as change manage-
ment. It is commonly known that change management is faced with many challenges, and
often the change itself causes significant difficulties. Integration, navigation and the human
factor are examples of other difficulties in regards to change management. With imple-
mentation of Industry 4.0 concepts, successful change management is crucial for the digital
transformation that Industry 4.0 implies.

• Standards and data security: Data security aspects and standards for connected manufactur-
ing have still not been properly established. International standardization and competitive
data protection laws must be in place for the horizontal and vertical connection of value
chains. This will allow for the seamless exchange of data and information taking place within
the Industry 4.0 scenario.

Knowing that these barriers exists as well as potentially unidentified additional barriers, Scania
can better prepare for the transition of increased digitalization.
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12.2 Method criticism

With the authors background of two different master profiles (logistics and manufacturing) there
has been a split in theoretical framework into logistics, manufacturing and lastly, digitalization.
Since the thesis carries a general approach throughout the report, the logistical and manufacturing
theory is broad, which has reduced the depth in which is achieved in the framework. Both chapters
present the individual topics in a good manner even though in reality they are very close related.
The digitalization theoretical framework is setup as its own chapter due to its content being
very new and advanced topic which carries a different tone than the traditional logistics and
manufacturing theory. The authors early realized the gap in this gathered theory. Either it is a
very high level with implications and strategy around the topic or it is the opposite being on a very,
very technical level. This gap has been problematic for the authors trying to connect the general
implications of digitalization theory with very technical papers. This is probably due to the fact
that Industry 4.0 is such a new topic and there is a lack of agreement in the research and academic
community what it actually implies and means. This lack of agreement becomes even bigger with
the connection to industry which believe they have already implemented Industry 4.0 technologies
on the shop floor while the academics call this Industry 3.5. Trying to find the balance between
the reality of the industry and the academic research has been a real struggle.

As presented in the methodology chapter, the digitalization pyramid is widely used in this thesis
both during empirics, analysis and results. During the theoretical research of Industry 4.0, digital-
ization and Cyber-Physical System, the 5C-model by Lee et al. (2015) appeared in several articles.
The authors decided to use this as a base for the digitalization pyramid due to its frequent appear-
ance in the articles and papers around the topic. Even though the 5C-model is solely developed
by Lee et al. (2015) it has gained traction as a good model for implementation of Cyber-Physical
systems leading to the authors choice for further development into the digitalization pyramid.

The model developed for assessing the overall process maturity builds on the theoretical framework
presented in Chapter 3.3. Information sharing through connectivity and willingness became the
basis for which further research could be conducted. Developing and exploring the research of
Lambert et al. (2008) around process-orientated organizations rather than functional silos as a mean
of structure, the methodology developed into focusing on process maturity. Gathering research
around measurements of process maturity, together with the previously conducted research around
information sharing and supply chain integration, the authors could further connect all research into
an applicable model that would help Scania to assess and develop their overall process maturity.
Collectively with the development of a firm process-oriented structure within the organization,
Scania should be able to connect this better to the integration required within the Industry 4.0
literature, specifically referred to as the "three arcs of integration".

While empirical findings regarding Scania today is mostly based interviews the Scania 2030 findings
is based on benchmarking. The benchmarking performed is mostly based on theoretical scenar-
ios and situations based on implementation of digital technologies in a lab environment because
much of the technologies connected to Industry 4.0 is only in the development stage. The lack of
benchmarking and case studies for a fully digitally integrated factory at a large scale has made it
difficult of the authors to truly develop a Scania 2030 scenario. The lack of case studies has caused
the Scania 2030 to be based on digital activities heavily based on theory, meaning there might be
a lack to how it will actually look like in 2030.

12.3 Ethical and sustainability considerations

During the study there has been a clear understanding how the manufacturing environment will
drastically change. While organizations has and always will be focused on cost-efficient operations,
this is more true than ever before with changing market demands. Todays planning and day-to-day
operations will be digitalized and autonomously performed by software leading to the reduction
of jobs. This is also true for on the floor activities such as material transport where automated
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guided vehicles can complete the same operation. Even collaborative robots on the shop floor can
create more ergonomic work environments, but also allow one worker to complete the job of several
workers with the assistance of a collaborative robot. This thesis draws a picture of jobs will be
eliminated, it also details how competence within other topics such as IT, programing and general
digitalization knowledge will increase leading to a new type of jobs. Early adapters of the digital
transformation will begin the journey of re-educating workers whose jobs might be affected of the
digital transformation in an early stage.

Sustainability is one of the three market demands put forth by Westkämper (2013), which has also
been a driver to spark this fourth industrial revolution. Focus on sustainability will continue to
increase. Hopefully effective energy and resource supply will be easier with digitalization leading
companies to riding the "green sustainability wave". While the ethical considerations will be many,
we will not touch upon them all here, but a clear understanding that ethical aspects will be very
important in the future is to be understood.

12.4 Generalizability

While this thesis is conducted for Scania, the work has since the beginning been thought of as
case-specific even though the methodology developed by the authors in this paper is in many
regards applicable on other organizations and cases. Furthermore a clear focus from the authors
has been on the scalability of the work. In other words the methodology presented for assessing the
digitalization within the manufacturing environment could be used to broader system boundaries.

This said, a lot of the empirics in this paper used to develop the results are specific for Scania
Cab Assembly. Specially the focus on process maturity has been developed as a result of the
current level of process maturity. Had the scenario been different and Scania already had a clear
process-oriented system, focus might have been less put on process maturity and furthered on
digitalization. It is though possible that Scania as a leader in their industry, are not the only ones
subject to a distinct lack of process-orientation and thus it might be of equal interest for other
organizations and researchers to have the two-folded digitalization strategy presented in this paper
as a basis for their work.
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A Willingness and connectivity levels

Illustrates the different levels of connectivity and willingness.
(Source: Own illustration based on (Frohlich and Westbrook, 2001))
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D Change-management methodology

The figure illustrates the change-management methodology developed by Oskarsson et al. (2013).
(Source: Own illustration based on (Oskarsson et al., 2013))
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