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ABSTRACT

Supply chain management (SCM) is known as a competitive strategy in today’s
business. Through increasing product variety, structures and processes, managers
struggle with an increase in supply chain complexity (SCC), which leads to a negative
influence on a firm’s efficiency in terms of lead times, flexibility and costs. In order to
manage complexity, supply chain managers need to know its drivers or define
appropriate management measures. However, managers can no longer manage SCC
internally. In order to cope with this challenging issue and achieve overall benefits, it is
necessary that the complete supply chain is involved in optimising supply chain
processes. An aligned supply chain should ensure that supply chain partners benefit
from cost savings. At the same time, supply chain processes should be agile to respond
to market volatility, while also being cost-efficient to survive in the highly competitive

world.

In this dissertation, three research cases are conducted with different focus areas,
whereby first drivers for internal and external SCC are explored in a single case study.
In order to gain a representative overview of relevant drivers, not only interviews with
top managers from a manufacturer are held but also with key managers from suppliers
and customers. With the interviews held from the upstream to downstream supply chain,
this part of the dissertation sheds light on topical SCC drivers and provides some
hypotheses for managing detailed and dynamic SCC. With this case, an academic

contribution is provided to better understand the relevance of SCC.

In a second step, another qualitative study addresses the requirements of a supply chain.
The basis for this part is the triple-A supply chain of Hau Lee (2004), where he states
from a theoretical perspective the prerequisites of a supply chain, namely agility,
adaptability and alignment. In this dissertation, this approach is reviewed from a
managerial perspective. It is analysed which key performance indicators of a firm are
affected by the three aforementioned qualities. Finally, it is presented how agility,
adaptability and alignment are linked together. In order to gain a common
understanding, semi-structured interviews are conducted to extend literature through

managerial experience.



In a third step, a quantitative simulation creating a discrete-event simulation model is
provided to evaluate inventory and logistics costs’ effects in a company that faces
significant SCC. The target is to align the supply chain by changing the existing
distribution channel to direct delivery. The result shall demonstrate the financial benefit
for the supply chain partners, as well as illustrating the conditions and risks when

changing supply chain processes.

This dissertation shows that companies are increasingly faced by SCC. In order to
respond flexibly to market volatility, supply chains must be agile to ensure that financial
risk shall not alarm a company’s existence. Therefore, it is recommended to align the

supply chain with a collaborative supply chain model.
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1  INTRODUCTION

Global supply chains are seen as a source of competitive advantage. Cheap workforce
and raw materials, attractive finance opportunities as well as growing product markets
and other incentives offered by host governments attract foreign capital (Kogut and
Kulatilaka, 2001). However, coupled with these benefits that attract firms to go global,
firms are faced with increased SCC in global supply chains, whereby companies are
forced to look for more effective ways to coordinate the flow of information and
material in and out of the company (Mentzer et al., 2001). There is wide
acknowledgement in literature about SCC as a risk factor in multinational companies
(Baird and Thomas, 1985; Baird and Thomas, 1991; Ghoshal, 1987; Kogut, 1985;
Lessard and Lightstone, 1986; Miller, 1992). Special research on SCC as part of risk
management has expanded literature on this topic (Zsidisin et al., 2004; Christopher,
2004; Giunipero et al., 2004; Juettner, 2005; Manuj et al., 2008; Norrman et al., 2004;
Spekman et al., 2004; Zsidisin, 2003). Chopra and Sodhi (2004) argue that most firms
develop plans to protect against periodic low-impact risks in their supply chains. Such
risks occur through globalisation and its associated increased SCC. By understanding
the variety and linking-up of SCC, managers can design balanced, effective supply
chain strategies for their companies. Hauser (2003) suggests that in today’s increasingly
complex environment, adjusted SCM can lead to improved financial performance and
competitive advantage. In sum, understanding global SCC is important and a top

priority for both academics and practitioners.

In order to extend literature about the phenomenon of SCC, the research of this
dissertation is executed in the machine construction industry. The machine construction
industry plays quite an important role in regions like America, Europe and countries
like China and Japan. The focus of the research in this dissertation is case studies with
companies in this industry. In recent years, the machine construction industry has been
heavily faced by strong dynamic market volatility as well as financial cycles that are
becoming increasingly shorter. In some ways, the machine construction industry is the
knot at the end of the whip of the economy (IHS, 2014). The industry reflects many of
the same cyclical characteristics of the economy in general, although ultimately the
operational challenges for companies are greater, the speed is faster and the effects more

distinctive. Just as manufacturing slowdowns often allow perceiving economic
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downturns, the machine construction industry leads the manufacturing sector in periods
of contraction. However, whereas the manufacturing sector often leads the economy
into recovery, the production in the machine construction industry lags during the
beginning of a recovery. The normal cycle of the economy is thus compressed for the
machine construction industry, whereby peaks are shorter and troughs are longer.
Almost the first thingt that manufacturers do when they believe that a contraction is
occurring is to stop the purchase of capital goods. Manufacturers want to be certain that
a recovery is arriving before they think of making investments in capital goods, so they
are much more likely to wait until the recovery is solidly established before they order

capital equipment again (IHS, 2014).

Fig.1.1: Global machinery production revenue forecast and annual growth rates
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As economic conditions continue to improve worldwide, the demand for machines in
sectors such as agriculture, packaging, materials handling and machine tools pushed
revenues to $1.6 trillion in 2014, up from $1.5 trillion in 2013 (Fig.1.1). This represents
an annual growth of 6.3 percent, more than twice the 2.9 percent increase seen in 2013.
Growth is forecasted to continue for the next years, with revenue rising to $2.0 trillion
by 2018. During this period, the machinery market’s annual growth rate will remain
quite impressive, averaging between 5 and 6 percent. “The improving economic outlook
is a key factor in the strong growth of machinery in the coming years,” said Andrew

Robertson, senior analyst for industrial automation at IHS. “The growing populations

-16 -



and the expanding middle classes in developing countries are generating more
disposable income. This translates into increased demand across a vast number of
sectors.” In recent years the machinery market in China has experienced considerable
overcapacity, specifically in the construction machinery, machine tools and metal
working sectors. Machinery production revenue slowed to 1.8 percent growth in 2012,
marking a huge dip from the 20 percent growth average from a decade before. As a
result, only a few businesses experienced growth, while weak investment in 2013

caused many heavy industries to struggle.

The growth of the machinery market represented a welcome change in 2012, when not
every region performed well. The Americas prospered in 2012, boosted by a significant
government investment that caused machinery production revenue to grow by 6.5
percent. In 2013, machinery production growth in the Americas slowed to 2.0 percent,
although it still fared better than some of the other regions. For instance, in the Asia-
Pacific region, growth slowed to only 3.5 percent. The majority of this slowdown came
from China, where production remained nearly flat due to overcapacity. Meanwhile,
Europe struggled as a result of the economic problems persisting throughout the region,
and machinery production revenue declined by 5.6 percent in 2012, dragging down the
entire global market. Europe increased output last year, albeit only by 1.1 percent (IHS,

2014).

A review of literature on SCC in dynamic markets led to identifying the gap that more
research is needed regarding existing drivers of SCC in the machine construction
industry. A qualitative research design is chosen, as not much is known about the
phenomenon along the upstream and downstream supply chain. Additionally, the
dissertation explores the qualities of a global supply chain. As markets change more
rapidly, academics and practitioners need to know what these changes mean for the
supply chain design. Finally, the research outcomes are simulated. Expanding the theory

to other contexts like other industries is left to future research.

This dissertation provides three major contributions. First, drivers for SCC in the
machine construction industry are explored. In addition, a differentiation between
internal and external complexity drivers is conducted. Second, the requirements or
qualities of a global supply chain are discussed. As market volatility becomes more

dynamic, companies are forced to align their global supply chains accordingly to control
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and improve their financial performance. Third, a discrete-event simulation model is

applied to analyse the effect of defined SCC drivers in an agile supply chain.

1.1  Supply Chain Complexity (SCC)

The last twenty years have seen a steady convergence of the traditionally-distinct areas
of operations management (OM), sourcing and logistics into a single area commonly
known as supply chain management (SCM). According to the SCM perspective, it is no
longer adequate for businesses to run these areas as individual units of excellence;
rather, they must also develop and manage the information flows, physical flows and
relationships that link these areas together, as well as linking these areas with upstream
and downstream partners. At the same time, the SCM perspective requires businesses to
broaden the scope of business activities that must be designed and managed, and the
nature of these activities has become more challenging as product life cycles shorten,
product variety and customisation levels increase and supply chain partners become
more geographically dispersed. Therefore, managing the supply chain is clearly a
challenging mission, and most observers would agree that a supply chain is a
complicated system. However, in this dissertation, the concepts and terminology of the
systems science literature are used to formally define SCC, clarifying the aspects of
supply chains that make them truly complex systems. While strong attention has been
paid to why it is necessary for companies to expand the scope and depth of their supply
chain activities (Swafford et al., 2006), only recently have researchers and practitioners
begun to consider the downside of this added complexity (Hoole, 2006). In addition to
defining SCC, the impact of various sources of complexity is empirically explored:
upstream in the supply chain involving suppliers, internal to the manufacturing plant,
and downstream from the plant to the customer. The results allow identifying sources
and different types of complexity that have a significant impact on a firm’s process and
organisation. These results may be valid for different industries and geographic regions
of the globe. Moreover, the results confirm existing lean production literature in terms
of the importance of certain sources of complexity in explaining poor manufacturing
performance. The research also helps to provide important priorities for supply chain

managers for their decision-making.
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1.2 Supply Chain Agility

Supply chain management (SCM) helps firms in integrating their business by
collaborating with other value chain partners to meet the unpredictable demand of the
end user. An integrated supply chain or seamless supply engineered to cope with
volatile can profitably satisfy customer demand, while non-integrated manufacturing
processes, non-integrated distribution processes and poor relationships with suppliers
and customers are the judgement of business failure for firms. Providing time-based
competition, supply chains must have the ability to meet the demands of customers for
ever-shorter delivery times and synchronise supply during the peaks and troughs of the
demand. For this purpose, supply chains must be responsive to the needs of the market.
Responsiveness requires speed and a high level of manoeuvrability, which is also

termed as agility (Christopher, 2000).

Agility is business-wide the capability that embraces organisational structures,
information systems and in particular mind sets (Christopher, 2000). Agility means
using market knowledge and virtual corporation to exploit profitable opportunities in a
volatile marketplace (Mason-Jones & Towill, 1999). Christopher (2000) has identified a

number of characteristics that a supply chain must have to be “truly agile”:
1.) Market-sensitive — end user trends are considered.
2.) Virtual — information is shared across all supply chain partners.

3.) Network-based — flexibility is ensured by using the strengths of specialist

players.

4.) Process integration — high degree of process interconnectivity between the

network members.

In the literature, frameworks based on other characteristics of supply chain agility have
also been suggested. For example, Bal, Wilding, and Goundry (1999) have proposed
virtual teaming model for introducing agility in a supply chain. Yusuf, Sarhadi, and
Gunasekaran (1999) have presented a conceptual model for designing an agile
manufacturing system based on the four key dimensions of strategies, technology,

people, and system. Meade and Sarkis (1999) have used four dimensions to measure the
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agility of a manufacturing system, namely cooperating to enhance competitiveness,
enriching customer, mastering change and uncertainty, as well as leveraging the impact

of people and information.

Tolone (2000) has supported the role of real-time and asynchronous collaboration
technology in allowing manufacturers to increase their supply chain agility. Prater,
Biehl, and Smith (2001) have used case studies to show how firms have successfully

made a trade-off between vulnerability and supply chain agility.

Literature on supply chain agility describes the dependence of agility on the
characteristics of some performance variables, although the influence of
interrelationships among the variables on the supply chain agility has been hardly taken
into account in the literature. Further research is also needed for supply chain
adaptability and supply chain alignment, given that research currently remains in its

infancy.

Therefore, there is a need to identify variables influencing supply chain agility and
develop generally an applicable framework that establishes interrelationships. This
research expands Lee’s (2004) work on the so-called triple-A supply chain. Lee
describes an effective and successful supply chain by considering supply chain agility,
supply chain adaptability and supply chain alignment. These qualities are explored from

a managerial perspective as well as their relation to key performance indicators.

1.3 Discrete-Event Simulation for Supply Chain Alignment

In supply chain management, typical tools like system dynamics, optimisation and
simulation are used for analysis. Either historical data or new data is collected to create
theoretical models and observe the supply chain behaviour. Experiments are helpful to
explore causal effects and test different scenarios. However, causal effects are difficult
to identify if they are separated in space and time (Persson et al., 2009). A different way
to conduct experiments in a current system is to apply a model of the system for further
experiments. Many models in literature involve supply chain optimisation and answer

questions regarding plant location, choice of technology, means of distribution, product
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mix or inventory management (Goetschlckx et al., 2002, Shapiro, 2001, Fandel et al.,
2004).

Optimisation and simulation differentiate in their methodological and practical approach
in terms of how to find solutions. With optimisation, the result depends on the scenario
that defines the experimental environment. The optimal result is only valid for the
explicit scenario and it will become invalid if the scenario changes (Zeigler et al., 2000).
In simulation, a set of scenarios can be tested to find an optimal solution. Therefore, the
approach from simulation can be used more intensely with environmental changes than
the approach from optimisation for an optimal solution. As simulation is more suitable
for demonstrating random effects which are included in simulation-based optimisation
and forecasting the dynamic behaviour of supply chains, simulation can be used as a

supplement for modelling using optimisation models (Persson et al., 2009).

The two widely-used modelling tools which sustain decision support systems are
discrete-event simulation (DES) and system dynamics (SD) (Tako et al., 2012).
Simulation-based decision support systems offer solutions to questions of both strategic
and operational level in the field of logistics and SCM. Specific examples include
supply chain design and reconfiguration, inventory management and control, production
scheduling and supplier selection. Even if DES and SD are widely used in logistics and
SCM, the specific use as a decision support system is not well understood (Tako et al.,

2012).

In this dissertation, the approach of DES and SD is discussed in further detail to provide
a contribution to academic research. Additionally, a DES model is created to simulate
the behaviour if a supply chain is aligned. The simulation is based on a case study so
that the solution holds strong importance not only for academic work but also for

practitioners.
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2 Drivers of Supply Chain Complexity: A Literature

Review and a Case Study in the Drive and Control Industry’'

2.1 Introduction

Companies all over the world are faced by global complexity due to tremendous global
competition, changing customer requirements, increasing deregulation, global financial
crisis, natural disasters like in Japan and Thailand in 2011, turbulent international power

dynamics and increasing emerging markets (Gunasekaran et al., 2014; Closs et al., 2008;

Earl et al., 2010; Park et al., 2013).

While globalisation means sharing standards and practices across the globe, it also
means dealing with complexities and uncertainties (Gunasekaran et al., 2014; Vahlne et
al., 2011). In order to serve the complete supply chain from supplier to the customer
over the whole world by managing SCC, managers and researchers need a greater
understanding of SCC than what is offered by available theoretical frameworks about

SCC (Gunasekaran et al., 2014; Grogaard, 2012).

Single or isolated manufacturers are unable to survive in the existing marketplace
competition, but rather only through complete supply chains, where the managements’
focus has to develop from the individual company to the complete supply chain. The
consequence is a tremendous increase in SCC for the management (Gunasekaran et al.,
2014; Wildemann, 2000; Pfohl et al., 2000). Numerousness, the variety of business
processes and number of interacting partners like suppliers and customers are typical for
an increase of complexity, whereas SCC is mainly controlled by internal and external

drivers (Milgate, 2001).

KPMG (2011) provided a study involving 50 leading UK organisations to see what
issues they were coping with. The first result is that the interconnected supply chains
have exposed their network operations to unexpected risk. Second, many supply chains
are unable to deal with the dynamics in business world. Third, sustainability activities
lead to changes in operating models. These key aspects have in common that supply

chains are stressed or challenged by additional complexity.

" Malina, S., Spinler, S., 2013. Management of Supply Chain Complexity: A Study in the Drive and
Control Industry. Presented at EURO-INFORMS Conference, Rome/Italy, July 01-04, 2013
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Even if supply chain capabilities have been investigated from different perspectives,
there is still the need for further research of how companies deal with SCC, because
products become increasingly interdependent and the scope of services extends in the
global market environments (Early et al., 2010; Park et al., 2012; Gunasekaran et al.,

2014).

Senior managers raise concerns that increasing complexity due to customised goods,
global sourcing and distribution or technical innovations deteriorate a company’s
efficiency and thus reduce profit (Berman and Korsten, 2010; Hoole, 2006). This
emphasises the need for an effective management of complexity (Gunasekaran et al.,
2014; Desai et al., 2001; Kekre and Srinivasan, 1990; Meeker et al., 2009; Meyer and
Mugge, 2001).

This research explores and proposes suitable strategies and methods for managing SCC
from the perspective of an OEM. It helps companies with their performance through
exploring theories and practices and thus to be competitive in the global market of the
21% century. Through managing and designing supply chain activities, supply chain
directors are challenged to cope with SCC. They are trying to answer questions

regarding the management of SCC in global supply chains.

Knowing the topicality and relevance of this research field for practitioners as well as
academics, the following chapter explores details of SCC. However, to provide more
understanding about this topic, a case study is conducted in an international company
headquartered in Germany. The firm under study is in the machine construction industry
which, plays a very important role for the German industry in total (IHS, 2014). It
provides insights from the perspective of an OEM which has not been highlighted in

literature, to the author’s best knowledge.

The results of this research offer insights into existing theory as well as findings from
practice. Section 2.2 explains the background of what complexity is and discusses
definitions of SCC. Section 2.3 provides the case study strategy which is applied for this
research including sample description, data collection methodology and analytical
methodologies. While section 2.4 presents findings from the analysis, section 2.5

discusses management strategies and implications of SCC. This paper contributes to the
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ongoing academic discussion on SCC and the management of it by exploring the

understanding of SCC and its drivers from a managerial perspective.

2.2 Literature Review

2.2.1 Background and Definition of Complexity

The term complexity can often be found in literature. Definitions of complexity can be
found in various social disciplines like organisational theory (Child, 1972; Whetten et
al., 1979), operations research (Eglese et al., 2005) or complex systems (Simon, 1962;
Klir 1985) and natural disciplines like chemistry (Whitten and Gailey, 1984; Kotz and
Treichel, 1996) or physics and biology (Zhu et al., 2013; Mazzocchi, 2008; Kauffman,
1993). Further literature on complexity can be found for product design (Baldwin and
Clark, 2000; Eckstein et al., 2014; Gupta and Krishnan, 1999; Tatikonda and Stock,
2003; Griffin, 1993, 1997; Wong et al., 2015), organisational design (Sun et al., 2015;
Roh et al., 2014; Blau and Schoenherr, 1971; Price and Mueller, 1986; Daft, 1983; Scott,
1992), organisational behaviour (Cheng et al., 2014; Modrak et al., 2016; Payne, 1975),
project management (Baccarini, 1996). Jacobs and Swink (2011) provided an overview
of research disciplines concerning complexity. As this research paper is focusing on
complexity of SCM, only a small amount of literature is available (Choi and Krause,
2006; Bozarth et al., 2009; Fisher et al., 1999; Novak and Eppinger, 2001; Rutenberg
and Shaftel, 1971).

Research provides evidence supporting the notion that the aforementioned disciplines
use individual definitions of complexity. This leads to the assumption that depending on
the target the understanding and definition of complexity varies. Yates (1978)
designates a complex system with one or more of the following attributes: (1)
significant interactions, (2) high number of component parts or interactions, (3) non-
linearity, (4) broken symmetry, and (5) non-holonomic constraints. In particular, the last
three attributes characterise a high level of complexity, as they may influence the
predictability of a system’s answer (Flood and Carson, 1988). Transferring Yates’
attributes to a supply chain, it can be revealed as complex system. Further attributes will

be discussed in the section below.
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We propose the following definition of SCC:

SCC is defined as capacities which are tied in the supply chain to fulfil customer
requirements. Capacity can be understood as personnel capacity, machine capacity and

supplier capacity.

Up to now the issue of capacity has not yet been addressed in literature as driver or
criteria of SCC. Regarding the case study in this paper, Capacity fulfils the complexity
criteria which are known from literature (Yates, 1978), especially in terms of non-
linearity, broken symmetry and non-holonomic constraints. Today’s organisational
processes and customer requirements entail capacities distributed among the entire
supply chain so that it is challenging to manage those holistically. Additionally, lots of
information and data is available which needs to be processed for decision-making.
Both aspects thus represent SCC, because the complexity lies within the intricacy of big

data information as well as in the interconnectedness of the supply chain.

2.2.2 Supply Chain Complexity (SCC)

Wilding (1998) was one of the first using the term SCC. He defines SCC as
deterministic chaos, parallel interactions and amplifications. Complexity is an
important topic in SCM (Bode et al., 2015), as it is assumed that it negatively influences
the the performance of operations (Bozarth et al., 2009), deteriorates decision-making
(Manuj et al., 2011) and enhances disruptions (Chopra et al., 2014; Craighead et al.,
2007; Narasimhan et al., 2009). Bozarth et al. (2009) offer the definition of SCC as the
level of detail complexity and dynamic complexity exhibited by the products, processes
and relationships in a supply chain. Table 2.1 gives an overview of further definitions
for SCC provided in academic literature. Given the example that a typical automobile
comprises more than 30,000 parts, Gunasekaran et al. (2014) argue that complexity
results from the required number of component parts and the degree of services that
customers expect. The heterogeneously dispersed resources and complimentary
competencies lead to an increase of SCC throughout global supply chain (Fawcett et al.,

2012).
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Table 2.1: Definitions of complexity in SCM

Source Definition

Choi and Krause (2006) Complexity is manifested in the varied number of types of
suppliers and their interactions

Bozarth et al. (2009) Complexity is proportional to the number of parts and the
degree of unpredictability in supply and demand

Fisher et al. (1999) Complexity is manifested by number of systems and the rate
at which products in the portfolio are replaced

Rutenberg and Shaftel ~ Complexity is represented by the number of product

(1971) modules and markets

Novak et al. (2001) Complexity is represented by the number of components
within a product, extent of interactions, and degree of product
novelty

Source: Jacobs and Swink (2011); adapted

Wilding (1998) provides a SCC triangle which covers the so-called deterministic chaos,
parallel interactions and amplifications. Vachon and Klassen (2002) referred the
definition of SCC to the dimensions of numerousness, interconnectivity and systems
unpredictability. Their models showed that complexity and uncertainty have a negative
influence on delivery performance. In general SCC has been considered as having a
negative impact on operational performance (Aitken et al., 2016; Childerhouse et al.,
2004; Heim et al., 2014; Hoole, 2005). However, certain kinds of SCC like extended
product lines or new products and higher levels of customised products may open new
markets and increase revenues and profitability (Aitken et al., 2016; Fisher, 1997,
Bozarth et al., 2009). Indeed, managers need to understand the difference between
positive and negative SCC and respond accordingly (Serdarasan, 2012). While much
has been written about SCC and its negative impacts (Heim et al., 2014), less has been

written about the management of SCC from the perspective of an OEM.

Closs et al. (2008) and Jacobs and Swink (2011) provide evidence that typical attributes
of complexity in various fields of research are multiplicity and interrelatedness. In
summary, the existing definitions of SCC cover the attributes of numerousness,

dynamism, uncertainty, non-linearity, interaction and variety.
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The field of managing SCC is not fully explored to date (Closs et al., 2008; Bozarth et
al., 2009). Within the small amount of literature on SCC, the comprehensive
management of SCC from a managerial view is missing. Despite managers need to
understand how to manage a high degree of complexity if this belongs to their business
strategy. From a managerial perspective it is necessary to identify the drivers of
complexity to derive an efficient complexity management (Perona et al., 2004; Bozarth
et al., 2009). This research provides a better understanding of SCC out of the machine
construction industry which is missing to date to the author’s best knowledge. In order
to explore the understanding and appearance of SCC from a managerial perspective,
managers primarily define SCC as the numerousness of products, processes and
organisational structures. They perceive SCC further in all activities and initiatives of
their supply chain. This leads to the conclusion to extend the definition of SCC by
considering the needed volume of capacity in a supply chain in terms of personnel

capacity, machine capacity and supplier capacity.

2.2.3 Types of Supply Chain Complexity

Any characteristic that increases SCC is called SCC driver (Serdarasan, 2013). Hence
this term is also used in this paper to describe the sources of SCC. It can be observed in
various forms. Static complexity is related to the interrelation and structure of the sub-
systems which are involved in the supply chain like companies, business functions or
processes (Serdarasan, 2013). Dynamic complexity occurs from the operational
behaviour of the system and its environment. The third type is decision-making
complexity which is a combination of both static and dynamic aspects of complexity

(Serdarasan, 2013).

Despite difficulties in dealing with complexity in the supply chain, research supports
that managing SCC results in achieving better supply chain performances (A.T.
Kearney, 2004; Blecker et al., 2005; Bozarth et al., 2009; Gunasekaran et al., 2014;
Koudal et al., 2007; KPMG, 2011; Perona et al., 2004; PricewaterhouseCoopers, 2006;
Vachon et al., 2002; van der Vorst et al., 2002). Therefore, the integration of complexity

management into SCM is absolutely necessary. After analysing and understanding the
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drivers of SCC, the approaches of how to manage complexity in the supply chain can be

developed and discussed.

Bozarth et al. (2009) distinguish between detail and dynamic SCC. While detail
complexity refers to a concrete number of products or suppliers, dynamic complexity
refers to the unpredictability or uncertainty of a system’s reaction generated by a certain
input and driven partly by the interconnectedness of the many parts of a system. This
differentiation is mainly applied to research complexity in the manufacturing industry

(Deshmukh et al., 1992, 1998; Frizelle & Woodcock, 1995; Calinescu et al., 1998).

Sivadasan et al. (1999, 2002a) differentiate between structural and operational
complexity. Structural or static complexity refers to complexity of the structure of a
product and the structure of the processes to supply, produce, and market that product.
Operational (dynamic) complexity in supply chains associated with the uncertainty of
information and material flows within and across organisations, i.e. internal and
external sources (Frizelle & Woodcock, 1995; Calinescu et al., 1998, 2000). Literature
(Serdarasan, 2013) offers further categories of SCC like technological, organisational,
environmental and output complexity (Zhou, 2002), technical and flow complexity
(Kaynak, 2005), internal and external complexity (Isik, 2011; Blecker et al., 2005;
Kersten et al., 2006; Bozarth et al., 2009). With internal and external complexity drivers
the focus is set to its origin (Childerhouse & Towill, 2004; Blecker et al., 2005). While
the internal drivers are caused by impacts within an organisation and can be managed
relatively easy as they are within the span of control, external complexity drivers are
initiated through impacts which are outside the company’s control like market trends or

regulations (Serdarasan, 2013).

Due to the plurality of interfaces and processes to internal and external supply chain
partners, the focus is set to external and internal SCC in this research. Seradasan (2013)
provides some good practices of SCC management, although research on the situation
in the machine construction industry — especially from the perspective of an OEM — is
still missing. The target of this research is to present the typical complexity drivers from
the perspective of an OEM and present solution strategies based on good industry

practices. The result serves as a guideline for the development of a SCM system.
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2.2.4 The Role of Product Complexity

SCC in general has received raising attention in research and practice (Choi et al., 2001;
Eckstein et al., 2015; Jacobs, 2013, Wong et al., 2015). Based on existing research
(Eckstein et al., 2015; Novak et al., 2001; Wagner, 2015; Wong et al., 2015), this
research focuses on SCC from the perspective of an OEM out of the machine
construction industry referring to product complexity, which arises from customisation,
intricacy and variety of the firm’s products (Schoenherr et al., 2010). Research on the
effects of product complexity has provided mixed results. Product variety has been
ascertained to downgrade performance in supply chains (Hu et al., 2008; Wong et al.,
2015), higher inventory costs, reduced service levels and reduced delivery reliability
(Closs et al., 2010; Eckstein et al., 2015). Contrary, product variety has also been linked
to sales growth (Kekre et al, 1990), leading to balance reasons for managers between
sales growth through increased product complexity and improved operational efficiency
through product rationalisation (Salvador et al., 2002; Wong et al., 2015). Some
researchers have similarly argued that product complexity may not only lead to negative
performance results (Bozarth et al., 2009; Blome et al., 2014). Even if research provides
some effects of product complexity, a comprehensive understanding of it is still missing

(Blome et al., 2014).

Research (Gunasekaran et al., 2014; Jacobs et al., 2011) defines product portfolio
complexity as a design state manifested by the multiplicity, diversity, and
interrelatedness of products within the portfolio. It requires an increasing level of
dynamic leaning and the flexible use of intra- and inter-organisational resources
(Gunasekaran et al., 2014; Liao et al., 2010; Reuter et al., 2010, Zacharia et al., 2011).
The origin of product complexity embeds upstream complexity, internal manufacturing
complexity, and downstream complexity which all have a negative impact on a
company’s performance in case an effective complexity management is not introduced
(Bozarth et al., 2009). An increasing level of product complexity needs multiple
measures between information and material flow as well as governance structures
(Holweg et al., 2008; Robertson et al., 2013). Earl et al. (2010) recommend an
integrative analytical framework that weighs out aspects between different product
features, rationality behaviours and hierarchical preferences over characteristics. New

products are important for being competitive among multi-product companies. Further,
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they enhance the growth of companies which belong to sectors with higher commitment
to research and development (Gunasekaran et al., 2014) and finally new product
development improve company growth in those sectors that absorb externally generated

patents (Cucculelli et al., 2012).

Kotteaku et al. (1995) and Singh (1997) argue that a generally acknowledged definition
of product complexity does not exist. While some authors define product complexity as
the number of parts (Benton and Srivastava, 1985; Hagel, 1988), Griffin (1993) applies
product complexity for the expertise requested to develop a product. As customers tend
to purchase more individualised products, this development leads to more variants and
an increase in product programmes. These variants need to be coordinated through sales
and R&D and lead to a complex manufacturing process (Kirchhoff, 2003). Complex
product variants need an efficient management of program planning as well as sourcing
(Kestel, 1995; Westphal, 2000). Closs et al. (2008) argue that product complexity
creates difficulties in supply chain processes which are related to product development,
supply, manufacturing, delivery and support. If product complexity is considered as
multiplicity of parts and components, the consequences for the supply chain need to be
explored. This may have an impact on the management of suppliers which may be
located all over the world, but also on distribution decisions to deliver the goods on time

(Perona et al., 2004; Wildemann 1999; Kirchhoff, 2003).

An increase in the number of customised products raises detail complexity in the
manufacturing environment and affects productivity and financial results negatively
(Wong et al., 2015; Fisher et al., 1999; Krishnan and Gupta, 2001; Ramdas and
Sawhney, 2001; Salvador et al., 2002). To reduce this internal complexity, researchers
have investigated how manufactures can bundle product commonality and shared
product platforms, while still meeting market requirements (Meyer and Lehnerd, 1997,
Robertson and Ulrich, 1998). In general, supply chain processes with lower volume
production processes are concerned by higher levels of detail and dynamic complexity.
Detail complexity is increased by the manifold number of unique jobs that must be
organised and dynamic complexity raises, because the manufacturing task comprises
more complex interactions between different areas of the plant and higher levels of
decentralised decision-making (Hill, 1994; Hayes and Wheelwright, 1979; Safizadeh et
al., 1996; Duray et al., 2000). Literature suggests that shorter product life cycles
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influence downstream and detail complexity by an increase in the number of parts and
products that must be provided and serviced over a certain time (Fisher et al., 1999;

Krishnan and Gupta, 2001; Ramdas and Sawhney, 2001).

Blome et al. (2014) found evidence of positive and negative impacts of product
complexity on the relations between internal and external knowledge transfer and
supply chain flexibility, indicating unique dynamics arising from complexity. As it is
still unclear what role product complexity plays for SCC from the perspective of an

OEM, this gap is addressed in this research.

2.2.5 Strategies of Supply Chain Complexity

With changing customer requirements, competition and regulations, SCC increases, as
companies agree on strategic partnerships with suppliers, outsources services or explore
new markets. The fast-moving increase of SCC seems to be supported and enhanced by
customisation, innovation, globalisation, alliances and flexibility (BCG, 2006). To cope
with SCC, literature mainly discusses complexity management and complexity reduction
(Aitken et al., 2016; Brandon-Jones, 2014; Gunasekaran et al., 2015; Serdarasan, 2013;
Galbraith, 1973, 1974, 1977). This means that complexity is extracted and minimised so
that the remaining complexity is to be managed. Complexity prevention can be added as
long-term strategy (Serdarasan, 2013; Wildemann, 2000; Sivadasan et al., 2002b; 2004;
Kaluza et al., 2006). Sivadasan et al. (2002b; 2004) suggest that complexity can be
managed by transferring it to other parties, charging for creating complexity, increasing
resources for the elimination and finally by the avoidance of complexity. Sivadasan et al.
(2002b; 2004) argue that the management and prevention of complexity depend on a

company’s resources like time, stock, IT systems or decision-making processes.

Perona et Miragliotta (2004) proceed similarly with the management of SCC. They
develop a normative complexity model where the actual complexity is the result of
basic complexity reduced by complexity reduction levers. In order to minimise
disruptions in a system caused by complexity and smoothen supply chain processes,
flexible manufacturing processes (Gordan et al., 1995; Sethi et al., 1990) or flexible
supply with multiple suppliers (Bode et al., 2015; St. George, 1998) are discussed. Four

-31-



different types for complexity management can be identified in literature (Turner et al.,
2005). They can be differentiated into accepting, controlling, reducing and avoiding

complexity (Wildemann, 2000) and are explained in the following.
Accepting SCC

The strategy of accepting complexity means that only small potential effects on the
supply chain performance can be realised in the supply chain through complexity
management and high efforts are necessary to realise the management. This means that
the desired advantage from complexity management does not justify high efforts for
SCM activities (Blecker et al., 2006). In this case, the management of SCC is rather
reactive and passive. When accepting SCC the parameters are not actively manipulated
to reduce the level of SCC. Occurring complexity should be compensated on a company
level of the supply chain (Wilding, 1998). Each company in the supply chain should
define and follow up measures to deal with complexity and align its business concept to

complexity requirements (Wildemann, 2000; Blecker et al., 2004).
Controlling SCC

The strategy of controlling complexity means that small potential effects on the supply
chain performance can be realised in the supply chain through complexity management
and small efforts are necessary to realise the management. Here, the management of
SCC is rather a reactive approach, i.e. an active decrease of complexity should not
aimed at by influencing the drivers of complexity, but they should be monitored
(Blecker et al., 2006). This strategy presumes the systematic identification of changes to
the existing level of complexity in the supply chain, because these deviations come
along with incompatibility between the appearing SCC and the supply chain’s capability
to deal with SCC. As incompatibility has a negative influence on the supply chains’
efficiency and performance, it is necessary to eliminate it. As the supply chain is
aligned through this procedure, high reliability and visibility of business processes has
to be ensured (Christopher et al., 2001). Through the controlling of information flows it
can be reached that only useful information is communicated to supply chain companies
which significantly reduces the level of perceived complexity and leads to an improved

manageability of the supply chain (Wildemann, 2006).
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Reducing SCC

The strategy of reducing complexity means that great potential effects on the supply
chain performance can be realised in the supply chain through complexity management
and small efforts are necessary to realise the management. In this case and contrary to
the strategies discussed before, the reduction of complexity is rather a proactive and
intense procedure in SCM to cope with SCC. The target of this strategy is a decrease of
the occurring level of SCC so that supply chain structures need to be systematically
optimised and synchronised (Vorst van der et al., 2002). This may cause intensive
activities for SCM, but not a holistic redesign of the supply chain. A dramatic increase

of necessary efforts is not wanted for the management of SCC (Wildemann, 2006).

The reduction of SCC can be reached by optimising the SCC drivers. Measures with an
effect on SCC reduction are described in Section 2.5.3. Not only systems and
information must be improved through the management of SCC, but also processes,
business partners, products and services (Hill, 1996). This means that numerousness,
variety and interrelationships must be systematically reduced. Redundant resources like
supply chain partners with unemployed competencies or capabilities, supernumerary
information systems or products must be identified and examined for their contribution
to the supply chain (Blecker et al., 2006). All redundant elements must be eliminated so
that the supply chain becomes lean and causes a dramatic decrease of SCC (Fisher,
1997). Therefore, it is important to understand and know all relevant processes and
process owners in the up- and downstream supply chain. This procedure supports the
decrease of non-value activities in the supply chain and leads to SCC reduction

(Anderson et al., 2005).
Avoiding SCC

The strategy of avoiding complexity means that a great impact on the supply chain
performance can be realised in the supply chain through complexity management and
high effort is needed to realise the management (Blecker et al., 2006). In this case, the
strategy is most proactive and intensive approach of all SCM strategies to deal with
SCC (Seuring, 2004). SCC avoidance goes beyond all other strategies because the
appearing degree of SCC is not influenced, but the degree of SCC is strategically

defined to a desired level. This can be enabled by designing new supply chain designs
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or defining parts of it under a special level of SCC, i.e. SCM decides the objects and
drivers of SCC which have to be optimised. In this context, strategic supply chain
networks play an important role (Lambert et al., 1996). The networks are a consequence
of the systematic combination of selected companies in the supply chain. It is proposed
to apply a common target system with a low degree of SCC and common strategies to
fulfil the targets in the supply chain. Selected partners with outstanding profiles and
plenty of competence to master SCC have to participate in the supply chain.
Additionally, logistics and IT service providers can be included to achieve the defined
level of SCC. All processes, systems, information flows can be designed in accordance
with different parameters of SCC (Towill et al., 1993; Fisher, 1997). Intensive strategic
partnerships in SCM support the alignment of the supply chain. As supply chains are
exposed to a very dynamic marketplace today which drives SCC, these alignments are

very important.

As complex supply chains are exposed to vulnerability, the implementation of risk
management has to be analysed. Through globalisation and outsourcing trends which
lead to an increase of supply chain structures and thus complexity, the level of risk has
also increased. There is a number of factors which increase the level of risk and have to
be addressed in risk management (Juettner et al., 2003; Wieland et al., 2012). First, the
focus on efficiency (rather than effectiveness), second, the globalisation of supply
chains, third, focused factories and centralised distribution, followed by an increased
level of outsourcing and reduction of suppliers. These risk drivers can also be found as
drivers for complexity. Therefore, it is clear that the strategies of how to manage risk
and complexity are very similar. Supply chain risk can be defined as any risks for the
information, material and product flows from original supplier to the delivery of the

final product for the end user (Juettner et al., 2003).

Numerousness, products, variety, processes in and between supply chains and dynamics
of the supply chain are important parameters of SCC and they are important elements to
master complexity and relate to certain objects in the supply chain (Miragliotta et al.,
2002, Seuring et al., 2004). By changing one of the parameters, a direct influence of the
degree of complexity can be observed (Seuring et al., 2004) as well as an impact on the
supply chain’s performance (Beamon, 1999). SCM has the responsibility to provide an

effective and efficient implementation of complexity management through a structured
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controlling and manipulation of SCC parameters. Further, SCM measures shall be
derived to resolve target conflicts and ensure an effective SCC management within the

supply chain (Cooper et al., 1992).

In summary, managers can somehow observe and experience an increase of complexity,
although they are unable to evaluate whether this complexity is valuable to reach
business goals like company growth (“good” complexity) or if it is disadvantageous
(“bad” complexity), whereby customers are not satisfied and the company is run into
confusion. After the classification of the SCC, the decision can be taken if complexity

drivers should be reduced, managed/controlled or avoided.

2.2.6 Research Objectives

After reviewing literature in Section 2.2, the author comes to the conclusion that
research needs to be extended in the field of SCC for manufacturing companies. In their
research, Wong et al. (2015) focus on SCC and performance measurement on the
wholesale trade and recommend gaining results from other industries to increase
generalizability.

Literature (Gunasekaran et al., 2014; Wong et al., 2015) recommends to further explore
deficiencies of supply chain performance caused by complexity. Additionally, the role
of product complexity as well as SCC and its behaviour in different industries is not yet
fully investigated. Product complexity is seen as significant driver for SCC (Blome et
al., 2014). Schoenherr et al. (2010) highlight that product complexity is primarily
characterised by variety which is generated through customer-specific requirements or
short product life cycles. Gunasekaran et al. (2014) argue that suitable performance
measures shall be explored to cope with global complexity. As not all questions are
answered, especially from the perspective of an OEM there exists hardly any research
on the origins and management of SCC.

This research seeks to extend the understanding of SCC by achieving the following

research objectives:

(1) Identification of SCC drivers in the manufacturing industry from the perspective

of an OEM:
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This first objective is achieved by reviewing existing literature regarding definitions of
SCC as well as its drivers. Serdarasan (2013) offers a review of SCC drivers, although
further details need to be provided from the perspective of an OEM. OEMs are heavily
confronted by global shifts and complexity which lead to cost increase so that leading
companies of automotive supply chains invest and automate their supply chains

(Heaney, 2015).
(2) Analysis regarding impact of product variety as one driver of SCC:

This part looks thoroughly into the development of a special product group from a
globally-acting manufacturer out of the machine construction industry. A detailed
analysis of product variety and its impact on SCM was conducted to highlight the risk

of uncontrolled complexity drivers.
(3) Performance measurement of the supply chain in dependence of SCC drivers:

This part analyses which KPIs are used in relation to complexity and which managerial
measures can be applied to cope with drivers from internal and external SCC and offers
a framework to support managerial decisions. Learning the drivers of SCC in the
manufacturing industry from an OEM, this research is to propose suitable strategies and
methods for managing SCC. Good practices are provided for managers to cope with

SCC.

In order to best provide a contribution to the aforementioned targets, a single case study
was conducted within a global acting company located in Germany, which acts as OEM

in the machine construction industry.

Lewis (1998) argues that especially in the development of new theory, case research is
one of the most powerful research methods in OM. Researchers in OM have been
demanding for greater use and application of field-based research methods to cope with
the growing frequency and magnitude of changes in technology and managerial

methods.
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2.3 Methodology

2.3.1 Data Collection Methodology

This paper engages a longitudinal research approach that is based on a single embedded
case study (Yin, 2014; Eisenhardt and Graebner, 2007; Handfield and Melnyk, 1998;
McCutcheon and Meredith, 1993; Meredith, 1998; Stuart et al., 2002). Single case
studies are often used in longitudinal studies because they support a greater depth of
observation (Yin, 2014) with implications for management best practice and the
development of theoretical insights (Ketokivi, 2006; Narasimhan and Jayaram, 1998;
Karlsson and Ahlstrom, 1995). Barratt et al. (2011) suggest that single case studies
“enable the researcher to capture in much more detail the context within which the
phenomena under study occur”. Yin (2014) highlights the benefits of utilising single
case study provided detailed data access is given through the length of service that
interview participants had (in this research: average of nearly 8 years). He further
recommends case study research for using explanatory research questions (how, why)

and the aim to extend theory.

Single case studies are recommended for either extreme or unique cases, but also for
representative or typical cases (Yin, 2014). Taking the sample in this paper, the
following arguments support a single case study: The exemplary company is out of the
machine constructing industry. To the author’s knowledge there exists no research on
SCC in this industry sector to date. Taking the many various technologies which are
linked under one organisational roof, there is no other competitor on the market.
According to Yin (2014), this unique phenomenon of different technologies justifies a
single case study. Using data from a single company is not unique to this paper. The
long history in management journals of publishing single case studies gives evidence of
its acceptance (Doz, 1996; Marginson, 2002) or large sample disaggregated data from
single companies (Dencker, 2009; Ethiraj et al., 2005; Huckman, Staats, and Upton,
2009; Sinclair, Klepper, and Cohen, 2000).

Concerning potential vulnerability of single case studies, thorough investigation and
maximum data access is necessary to eliminate misinterpretation (Yin, 2014). Using

data from a single company limits the generalizability of the study, although the
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invaluable data presented here is difficult — if not impossible — to obtain from a larger

number of companies.

Multiple sources of evidence are used in the data collection phase to preserve both
construct and content validity. Thorough research design, data collection and data
analysis can provide rigour and invalidate some criticisms of case-based approaches
(McLachlin, 1997). Data in this research is collected through semi-structured interviews.
One interview lasts between 1.5 and 2 hours. The self-administered questionnaire is
based on an extended literature review and comprises nearly 40 questions. It contains
both open-ended and specific questions. Specific questions are to be answered with a 7-
point Likert scale. All quantitative and qualitative data is transferred into a central
database and inconsistent data is sorted out. The draft of the questionnaire was tested by
academics and practitioners to check validity and content. Notes from semi-structured
interviews are strengthened by additional observations and documentations. The
questionnaire is split into questions about the understanding, causes and measures of

SCC and ends with few questions on the measurement of SCC.

Relevant sources were defined in advance and questions are formulated prior to
interviews and observation. This ensures that correct data is used and appropriately
organised, while minimising any social desirability bias on the part of the researcher
(Fisher, 1993). The minimisation of social desirability bias reduces systematic errors
resulting from the desire of respondents to avoid embarrassment and project a

favourable image to others (Fisher, 1993).

Internal validity is pursued during the data analysis phase through the use of pattern-
matching and explanation-building. External validity is supported with findings that are

in line or consistent with existing theory (Yin, 2014).

2.3.2 Sample Description

The firm under study for this research (Table 2.2) operates in the machine constructing
industry in Germany (for confidentiality reasons the name of the firm has been
disguised). All information about the company is obtained either from the interviews or

from internal resources like intranet or other company brochures. The machine building
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industry in Germany is one of the most important industrial sectors. Highlighting the
importance of this industry sector, Germany achieved more than 220 billion Euros in
sales in 2017 and most jobs in Germany are offered in the machine construction

industry (VDMA, 2017).

Table 2.2: Case description

Industry Machine building sector

Key data Sales: 6.5 bn EUR
Employees: 38,000

Customers: >500,000
Locations Sales network in more than 80 countries worldwide;
nearly 70 production units in 25 countries;
own sales and service offices in 39 countries
Product Portfolio High number of variants;
Differentiated products to dominate specific niches;

>20 product groups for different technologies

With production sites and sales offices worldwide, it can be presumed how complex the
management of material and information flows are throughout the whole supply chain
(Fig. 2.1). The company in this research holds a market-leading position whereas a
competitor with a comparable product range cannot be found. Benchmarks can only be
conducted when single product areas are separated and analysed individually. The firm
acts as OEM and business is characterised by a high individuality of customer
requirements. This encompasses a strong specialisation of products and a differentiation
of the total market. Further, the requirements for standardised part solutions and
interfaces do also rise with the increasing integration of product solutions. Another
aspect for the large product variety is the high demand for research and development
(R&D), whereas technological possibilities for differentiation demonstrate a non-
negotiable risk due to investment costs (ca. 5% R&D expenditure as a proportion of
sales). While some customers seek for a technological solution for gears in the wind
energy sectors, others request for valves with individual pressure options depending on

the application.
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Thirteen senior managers from logistics, sales and product development were
interviewed (Table 2.3) out of the top management of different organisational units like
corporate functions, business units, country units and plants to achieve greater quality
and validity in evidence. In order to overcome observer bias and increase external
validity (Voss et al., 2002), the interviews were conducted in different organisational
units. Valuable contribution was provided by the interviews from logistics managers.
They deliver important information, as they are deeply involved in the holistic logistics
processes. Sales and product managers were interviewed as experts for discovering
complexity drivers in terms of external effects and product development. Statements of

the CEO were also implemented to better understand the problem of complexity.

Aside from the interviews several workshops among representatives of the senior
management were conducted to specify drivers of the SCC and verify findings from the
interviews. During the workshops, the development of product variety between 2005
and 2010 was analysed in detail and measures were decided how to control and reduce

the amount of product variety.

Table 2.3: Participants of Interviews

Seniority/

Organization/ Business
Function Location Responsibility relationship
Logistics Manager Corporate Standardization of logistics projects worldwide 9 years
Logistics Manager Corporate Head of worldwide supply chain qualification programme 7 years
Logistics Manager Corporate Standardization of logistics projects worldwide 15 years
Logistics Controller Corporate Logistics Controlling, Target Development, Reporting 2 years
Logistics Manager Business Unit Target Responsibility for plants, implementation of logistics standards 1 year
Logistics Manager Business Unit Target Responsibility for plants, implementation of logistics standards 4 years
Logistics Manager Business Unit Target Responsibility for plants, implementation of logistics standards 10 years
Logistics Manager Plant Plant responsibility for material and information processes 4 years
Logistics Manager Plant Plant responsibility for material and information processes 7 years
Technical Director Plant Technical Responsibility for plant 17 years
Product Development Business Unit Product responsibility for defined product groups 4 years
Sales Director Country Unit Sales Responsibility of a European country unit 18 years
Sales Corporate Region America 5 years
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Fig. 2.1: Supply chain of the manufacturer
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Providing the high number of product variants and technologies to the market, the
company purchases raw materials from several thousands of active suppliers worldwide.
Based on the interviews a differentiation between internal and external suppliers can be
made. Internal suppliers provide modular components for further configuration of a
system in another plant and external suppliers deliver raw material to manufacture
modular parts for later assembly. Taking external suppliers, it varies if one dedicated
supplier delivers to a local plant or several plants worldwide. This decision depends on
the purchased product, e.g. semi-conductors where only few manufacturers exist
worldwide, but also on purchasing conditions, where quantity is a decisive factor on the
price. In order to receive standardised quality and meet the company’s expectations with
respect to delivery times, packaging or information transmission, suppliers are certified
and categorised into preferred supplier, standard supplier or non-qualified suppliers.
Suppliers distribute their products to the company’s warehouses located in or near the
plant. As this process increases inventory and is identified as one of the most time-

consuming periods, it is necessary to integrate the supplier in the planning process.
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The integration provides more transparency on the delivery performance of the supplier
and improves the controlling of material management which may result in the reduction
of inventory costs. Looking into manufacturing processes, the company holds a
production network of about 70 plants worldwide. This network already demonstrates
complexity due to its numerousness. Although some plants produce products which
others do not, there exist many internal deliveries caused by the modular product
architecture for customised goods. The internal deliveries present a dependency for
other plants regarding the fulfilment of delivery performance. The interviews showed
that among the locations there are differences in the business process like order
management and the controlling of production processes which results in varying

through-put times.

The through-put time of the mounting and assembly process is clearly influenced by the
product variety. This means that a high number of material numbers (> 1 mio. numbers)
needs to be administrated and planned for production. Further findings on product
variety are described in section 2.4.2. Concerning downstream complexity, the company
counts more than 500,000 customers worldwide. Customers are end users, distributors

or other OEMs and located worldwide.

2.3.3 Data Analysis

Data analysis is responsible to conceptually interpret the original data under specific
analytic strategies into new and coherent illustration of the research phenomenon
(Schwandt, 1997; Yin, 2014). The research process started with defining research
questions and choosing initial research constructs based on the preliminary practical and
theoretical understanding of the phenomenon studied. While the organisation of the case
represents the relevant unit as a whole, the smallest unit was the individual manager. At
each level of analysis, different data collection methods were used, ranging from
content analysis from interviews and workshops to secondary data analysis. While the
interview process has already been explained, two more workshops were held to
investigate the drivers and measures of SCC. Participants of the workshops and the
interviews were nearly identical. The workshops focused on the categorisation of SCC

drivers as well as on the conceptualisation of SCC management. All types of data were
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applied as important sources of evidence when developing an understanding of SCC.
The content analysis presumes that the information communicated was transcribed and
coded to derive and generate hypothesis. Finally, the idea of this single case method
was to contribute to a further exploration of SCC. Results in this paper are partly
presented in tables, but also through quotations (voices of the field), since they enable
the reader to better understand the context of the respondents’ perceptions and

experiences.

2.4 Findings
2.4.1 Review of SCC Drivers

Internal complexity is mainly driven by management decisions and the bias of
organisational systems. It appears at each node of the supply chain as well as on
interfaces on cooperation level. Division of work, cooperation, sourcing, product
program and technology are examples for managerial decisions that have an impact on
numerousness and variety of the supply chain processes (Bode et al., 2015; Serdarasan,

2013; Seuring, 2004).

Flynn and Flynn (1999) differentiate internal manufacturing complexity between detail
and dynamic complexity. Potential drivers could be number of product party, types of
business and production processes. Researchers explored that high levels of product
variety result in longer manufacturing lead times, as well as to increased costs for the
retailers (Thonemann and Bradley, 2002). Detail complexity is also driven by the
number of unique parts, again negatively affecting performance (Fisher et al., 1999). By
using commonalities of material parts and sharing product platforms, internal
manufacturing complexity could be reduced, while meeting various market

requirements (Meyer et al., 1997; Robertson et al., 1998).

External SCC is caused by uncertain demand and the high dynamics or volatility in the
marketplace (Wilding, 1998). This results in a great number of different customer
orders in terms of quantity, variety, quality and time. Supply chain partners are
challenged to fulfil such a broad scope of requirements because they are limited in

competence and capability. In order to handle this problem, they integrate additional
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partners and extend the supply chain. Additionally, dynamic customer requirements like
fluctuations in quantities or delivery times and changes in products cause frequent

interactions to align the supply chain (Adam et al., 1998; Dooley et al., 1999).

This means that the number of managed business relations and processes increases as
well as the number of interfaces and systems that need to be managed. The increase
implicates a high degree of complexity for all supply chain partners and impedes the
performance of the supply chain (Fisher et al., 1997; Vachon et al., 2004). This
consequence demands that complexity management has to be integrated into SCM

(Childerhouse et al., 2004; Gunasekaran et al., 2014; Tan et al., 1999).

Bozarth et al. (2009) define external SCC as the level of detail and dynamic complexity
which is generated from the external supply chain, i.e. from downstream and upstream.
Potential drivers for the downstream SCC include number of customers, volatility and
variability of demand and length of product life cycle. Potential drivers for upstream
SCC include number of suppliers, delivery performance of suppliers as well as the
consequences of global sourcing. With the increase of suppliers, information and
material flow increases as well as the relationships that have to be managed (Bozarth et
al., 2009), i.e. that detail complexity increases appropriately. Another aspect for
upstream complexity is the global extension of suppliers. The consequences of this
globalisation leads manufacturers to many complicated issues in import/export,
currency effects and cultural differences so that higher levels of dynamic complexity are

expected (Cho et al., 2001).

Knowing the findings from literature, further drivers of internal and external SCC are
explored in this case study and extend the existing theory appropriately. In this research
drivers for external SCC are the high number of customers in different regions as well
as their individual requirements. These requirements include specifications on the
product, packaging and delivery days. The high level of volatility in demand requires
flexibility from suppliers with respect to variety, quantity, quality and time. As existing
suppliers cannot cover the requirements of customer orders, new external partners
become part of the supply chain (Wilding, 1998). Regarding globalisation, suppliers are
spread worldwide and influence delivery times. Precisely, the number of partners in the
supply chain increases as well as business processes and raise the level of complexity

which negatively influences the performance of a supply chain (Fisher et al., 1999;
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Vachon and Klassen, 2002). Managers confirm that with an increase of complexity
drivers, complexity may perceive a dynamic character. A logistics manager states:
“....with the increasing number of product variants it becomes more difficult to have the
right parts in the warehouse. Inventory which is not demanded by customers cause high
inventory costs and reduces the company’s profitability”. This phenomenon is shown in
literature as separate category of complexity types (Bozarth et al., 2009), but is not
further discussed here. Especially the high uncertainty in demand demonstrates an
important challenge for the managers in this case study. The main reason is the
shortening of economic cycles which affect a company’s profitability like high costs of
inventories or overcapacities. Regarding the management of internal complexity, the
CEO states: “When we were faced by a crisis in 2009 and if we believe the current
economic decrease, we are forced to react much more flexible and faster in terms of
personnel and technical capacities. This dynamic forces us to cooperate with our
business partners more intensely and adopt our processes. This will definitely increase
supply chain complexity as we have to process more information and provide it to the

places where it is needed.”

The answers of the interviews showed that all managers are faced by SCC to a
significant degree and support the argument that the management of SCC is of high
importance. The logistics controller argued: “The data volume and information flows
influence the speed and processing of the daily work enormously. I see great potential to
improve our quality in evaluation and analysing data, when the variety of employed
ERP system is harmonised and reports can be generated automatically.” Although they
confirmed various initiatives in SCM they stressed to standardise business processes
among all organisational units of plants and country units. Activities to manage suppy
chain complexity are further caused by low customer satisfaction, increase of semi-
direct deliveries (SDD), non-standardised logistic processes throughout the whole
organisation in order management, qualification of logistic employees and a high level
of inventories. Aiming at a successful management of SCC by considering strategic
aspects, the interviewees answered that the management of SCC should be part of the
business strategy with clear targets on a high level of customer satisfaction and to
remain profitable with a low level of inventories. Uncertainties in demand can better be
coped with, when the manufacturer is aware of it by having appropriate transparency

through intensifying communication with customers and suppliers.
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SCM is seen as important part of competitive strategy to improve organisational
productivity and profitability. Organisational performance measurement and KPIs or
metrics have been focused from researchers and practitioners (Gunasekaran et al., 2004).
The importance of these measures and KPIs have to be carefully analysed, because they
affect strategic, tactical and operational planning and control. The strategic, tactical and
operational levels are the hierarchies in function, where policies and trade-offs can be
determined and appropriate control can be executed (Ballou, 1992). This hierarchy is
related to the time horizon for activities and the relevance of decisions which influence
the different levels of management (Rushton et al., 1989). Measures on strategic level
influence top management decisions, usually based on policies, corporate financial
business plans, competitiveness and fulfilment of organisational goals. The tactical level
manages resource allocation and performance measurement versus targets that are
specified at the strategic level. The performance measuring at this level offers feedback
on mid-level management decisions. Measurements on an operational level demand a
strict data base and examine the results of decisions coming from low level managers.
Usually, workers and supervisors are set operational targets that will lead to the

realisation of tactical targets (Gunasekaran et al., 2004).

Perona et al. (2004) argue in their research that the way of how companies manage their
system complexity has a deep impact on how well they perform. They suggest a model
where the ability to control complexity within manufacturing and logistics systems can
be seen as core competence with the target to improve efficiency and effectiveness in a
supply chain. The observed metrics are named by the interviewees in this case study. It
is obvious that the KPIs can be differentiated into operative performances and
complexity-related variables. Adani et al. (2002) use a similar structure in their research
about household appliances, although the results of the metrics vary in this case. With
this structure, the allocation of metrics to the aforementioned strategic, operational and
tactical level can be enabled. Based on the identified drivers of SCC the following KPIs

could be identified in the case study and are shown in Table 2.4.
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Table 2.4: Identified drivers of SCC and measuring KPIs

Drivers KPIs
Internal Complexity Operative Performances
* High number of material numbers * Logistics costs (% of turnover)
* Widespread production network » Total coverage time (sales vs. inventory)
* Complex production network within one location (e.g. | » Fulfilment of lead-time
one machine for different product families) * Delivery performance of suppliers
* High number of internal deliveries due to production * Delivery performance to customers
strategy * Through-put times in production
* High level of unstructured data and different IT » Through-put times in logistics
systems (e.g. controlling, information on delivery * Level of inventory
times) * Administration costs

* Production costs
New:

* Lack of communication within organisation Complexity related variables

External Complexity » Number of suppliers
High number of customers in different regions .

R . ) . Number of customers
* Suppliers in different regions and variable delivery « Number of products
ey . . * Number of plants
* High number of different business processes  Number of ERP systems
* High number of suppliers « Number of emplo; ees

* High number of customers

* High level of uncertainty in demand New:
 IT interfaces and digitalisation (IT costs, throughput
times:

compatibility of infrastructure and connection with
suppliers and customers

Capacity (personnel costs, IT costs):

Evaluation of big data for deciding on maintenance
strategy (throughput times, personnel capacity)

New:
* Information complexity:
Kind of information requested from customers and
suppliers (e.g. order tracking, product availability) .
* Service complexity:
New types of services requested (e.g. remote
maintenance, preventive or predictive maintenance)

e

This paper focuses on the SCC drivers which are new in literature. The majority of
managers argues that the lack of communication within the organisation represents an
internal SCC driver. They explained that changes of logistics processes, e.g.
standardisation of incoming goods processes are not known or implemented in the
organisation so that this has a negative impact on the KPI for measuring supply chain
processes, e.g. supplier’s performance. Further, strategic targets were not clearly
communicated and understood along all hierarchy levels so that delays occurred for
fulfilling the target. A lack of communication and thus missing information leads to a
slowdown of process performance. Installed counter-measures like detailed monitoring
of the process lead to increased SCC. This case study further gives evidence of two new
external SCC drivers. The first one is the kind of information which is requested by
customers and suppliers. Today, customers request detailed information regarding order
tracking. Opposite to the consumer goods industry, where this information is available

as standard, this request is quite new in the drive and control industry. The complexity
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lies with the generation of information which has to be prepared by providing a suitable
IT infrastructure including the involvement of forwarding agencies. On the other hand,
suppliers request access to data and IT applications from the manufacturer regarding
inventories so that they can provide their material according to the manufacturer’s needs.
Again, the provision of interfaces and IT infrastructure as well as the provision of the
relevant data represents SCC. The next new SCC driver lies in the types of services
which are requested from customers. An example of such services is demonstrated by
preventive and/or predictive maintenance per remote. This type is a new business model
and through missing experience in this field the question has to be clarified which
maintenance option is the most beneficial one. With this intricacy in knowledge and

experience this issue is regarded as driver for SCC.

Along with the new SCC drivers, it has to be discussed which KPIs are now relevant for
monitoring the drivers. All new drivers require additional capacities in personnel and
may impact through-put times. Additionally, technical infrastructure has to be provided.
While personnel capacities and through-put times can be reflected in existing KPIs,
there is no KPI for measuring technical infrastructure. Here the manufacturer monitors
IT costs. The managers argue that when monitoring the listed KPIs they gain an
indication of where measures have to be defined so that operative performance can be

improved.

The following examples show results from the manufacturer from SCC activities:
Taking the product example from Fig. 2.3, it emerged that out of a total of nearly 120
variants, 50% of the variants are hardly sold. This gives evidence to analyse if product
parts may be phased out so that inherently the number of suppliers could be reduced.
Further, due to this effect inventory costs can be reduced which leads to a positive effect

to the development of logistics costs. The development of this effect is shown in Fig 2.2.
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Fig. 2.2: Development of number of suppliers and logistics costs for controlling unit
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The implementation of a so-called assortment management, i.e. focus on products
which are highly demanded in the market, leads to a reduction of logistics costs as well
as to a reduction of suppliers which need to be administrated. Additionally, employees
have to be trained regularly on existing supply chain processes in information and
material flow. These trainings not only mean additional capacity for employees, but also
capacity for trainers who train the people. Furthermore, additional capacities are
employed for planning cross-functional activities coming out of special customer
requirements. Contrary to the past, special customer requirements have significantly

increased. This may affect the product itself or the service to the product.

In summary, these new drivers represent a new dimension in the field of SCC, as they
influence supply chain processes in terms of dynamics and flexibility. With this new

knowledge, managers have to rethink their ongoing activities for managing SCC.

2.4.2 The Role of Product Variety for Supply Chain Complexity

In order to generate sales growth by developing new products, managers are faced with
an increase of product complexity through new features and variants. This increase of
variety has to be weighed out against an operational efficiency through product

rationalisation (Salvador et al., 2002). Essentially, the complexity of a product portfolio
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in a company is accompanied by manifold management decisions in different functions
over long periods so that the management of product complexity can be a challenging
task. A reason is that outcomes in relation to complexity are not always clear when
making decisions or trade-offs (Closs et al., 2008). Difficulties of product complexity
are created in the execution of a supply chain process which is related to product
development, supply, manufacturing, delivery and support. Contrary, the complexity
caused may lead to additional sales through increased product differentiation (Kekre et
al., 1990; Quelch et al., 1994). Product complexity is not well explored, often with the
remark that less complexity is better. For example, some researchers have investigated
inventory and risk pooling benefits component commonality (Fisher et al., 1999; Hillier,
2000). Meyer et al. (2001) focused on cost reductions in procurement coming from
reducing unique parts. The influence of product architecture on the firm’s ability to
communicate effectively and coordinate design activities is analysed by Galvin et al
(2001). Finally, the effects of complexity on product development cost were examined
by Clark et al., 1991. Closs et al. (2008) analyse in their case study research a theory of
competencies for product complexity. They define product complexity as the collective
set of decisions, supporting processes, value systems, and initiatives pertaining to
determining and implementing the most effective product portfolio (i.e. mix of product
variants, feature sets, and component choices). Closs et al. (2008) further argue that the
combination of decreasing return of sales and increasing costs due to complexity offer

potential for an optimal level of complexity in a firm’s product portfolio.

Due to the high share (< 80%) of customer-specific products in the firm under study, the
preferred production method is modularisation. This enables purchasing and producing
different components independently, while satisfying customer-specific requirements
through final assembly (Ernst et al., 2000). The following analysis emphasises the
problem of product variety. Taking an electric controlling unit as example (Fig. 2.3), the
final product comprises five basic components. The components are to be understood as
electronic interfaces, wavers, controller, masterboards and software components. Each
of these components allows between 30 up to 110 variants. The final evaluation showed

114 potential variants, whereas the sales volume of 59 variants is less than 10 pieces.

The product manager explained: “...we had four options of how to control existing

product variants: First, delete the product number from our system, second, to integrate

-50 -



the variant into another variant and restructure our product groups, then assign it to a
core program to push it more into the market and finally do nothing.” Through deleting
and integrating product variants, part numbers could be reduced by 40-50% within some
product groups with the result that the product development process was designed to the
extent that unnecessary variants of new products are eliminated in advance. Only if the
awareness of SCC is transparent, the right decisions can be made to improve the

manufacturer’s performance.

Fig. 2.3: Variant analysis of controlling unit
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Out of 114 variants, the number of sold pieces <10 pcs. is the case for 59 variants.

This case offers four aspects which increase product variants and thus lead to an

increase of SCC:

Technological change

Due to price increases of raw material or limited resources of it, alternatives are
interesting for the manufacturer. Taking the development of the steel price which more
than doubled between 2002 and 2012 (Federal Statistical Office, 2012), new products
are developed with less share of steel or replacements through other materials. The
senior product manager states: “Today our customers require specific and flexible
product features for their individual requirements so that we have to cooperate with
many new suppliers which leads to an increase of complexity.” One interviewee states
that aluminium which offers advantages in weight was 30% more expensive than steel

in 2010 and steel prices are predicted to remain on the same stable price level until 2030
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(McKinsey, 2017). The product manager continues: “As long as we can replace
aluminium by steel due to price reasons, we do that. However, in some cases the
aluminium parts cannot be avoided due to their physical attributes so that results in an

increase of product variety.”

Environmental challenges

The increasing awareness on resource consumption and climate change require new
product variants to compile to political regulations. This challenge leads to new
products or even new materials which need to be sourced from suppliers and provided

(3

to the plants. The CEO of the company under study states: “..wind power is
environment-friendly and can help to reduce CO2 emissions and mitigate climate
changes. As a high-tech precision component supplier to the industry we support the

realization of this challenge.”

Market diversity

Especially the energy sector — which is a quite new division within the company —
drives complexity due to the need of new suppliers or product developments which have
to stand extreme weather conditions. Extreme weights and sizes of special gears require
defined processes in production and transportation which lead to an increase in SCC.
Another new sector is the increasing level of digitalisation in machine construction
industry. While new services like remote maintenance or disruption management can be
offered by an increased level of electrification, this means also an increase of product

variety.

Built-to-engineering, built-to-order projects

The manufacturer in this research provides customer-specific products or offers
complete solutions which are especially engineered or built for specific projects. In
order to fulfil this requirement, specific technology outside the initial core competence
is purchased to fulfil the order. This means also that additional know-how needs to be
processed which results in an increase of SCC. For example, shipping companies which
ordered hydraulic parts for their cruise liners requested also mobile applications for
their entertainment area. This has been a completely unknown field for the manufacturer

where additional know-how had to be built up or even acquisitions had to be undertaken.
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2.4.3 The Role of Performance Indicators for SCC

Complexity management is seen as part of SCM and obligatory for a successful
implementation in SCM in today’s marketplace of increasing complexity. It should not
be executed at the company level, but rather at the cooperation level within the supply
chain. The integration and development of complexity management supports the

avoidance of inefficiencies in the supply chain (Serdarasan, 2013; Blecker et al., 2006).

An effective design of the supply chain and its continuous optimisation are general
targets in SCM (Wildemann, 2000). In order to achieve these, supply chain partners
focus on their core competencies, share resources and aim a high level of integration by
implementing inter-organisational planning and controlling systems, organising
cooperation for product design, synchronising stocks and transportation data or
standardisation of packages (Wildemann, 2000; Lambert et al., 2000). By generating
various activities for the improvement of the supply chains’ performance, relevant

deficits can be highlighted from the perspective of complexity (Wildemann, 2000).

However, measures to improve the flexibility and thus performance of a supply chain
can lead to the integration of additional partners, create redundant resources or increase
the need of coordinating interactions (Serdarasan, 2013). These measures lead to an
increase of SCC, which influence the supply chains’ cost-efficiency. Further, a high
level of SCC weakens the flexibility, quality and delivery performance of the supply
chain; i.e. that the target conflict is clear. So far, SCM has hardly targeted at the
reduction of SCC (Serdarasan, 2013; Blecker et al., 2006).

Quite often the implementation of SCM is undifferentiated, because SCM does not offer
strategic or operative recommendations regarding optimal measures of SCM
considering special business circumstances that are characterised by specific levels of
SCC (Serdarasan, 2013; Miragliotta et al., 2002). This leads to insufficient measures to
reach the supply chains’ targets and improve its performance. As nowadays complexity
management is often limited to a company level, improvement effects have thus only a
limited effect on supply chain performance. This means that there is still potential to
eliminate inefficiencies and reduce complexity (Bode et al., 2015; Serdarasan, 2013;

Towill et al., 1993).
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The investigation in this case study highlights that the company uses both performance
indicators and complexity-related KPIs to monitor SCC (Table 2.4). Especially the
complexity-related KPIs — e.g. number of suppliers, products or customers — offer a
direct insight into the development of the complexity. Generally, the feedback out of the
interviews is that the greater the level of number is the great the level of complexity.

Few examples are given:
e Number of suppliers:

The corporate head of purchasing informs that for direct production material, roughly
2,500 suppliers are listed worldwide. They deliver at least twice a year for a period of
the last 5 years. He confirms: “We have to spend a lot of time for a huge number of
negotiations, IT supplier integration and supplier qualification. The target must be to
reduce the number of suppliers and also product varieties so that these activities become

more efficient.”
e Number of products:

The investigation in the firm under study shows that more than 1 million products are
offered to customers. The logistics manager states: “This huge variety represents a high
level of complexity, because all these parts need to be sourced, manufactured and
transported to the customer. All these processes have to be administrated. Here we have
great potential through product standardization or reduction of variety that inventory
costs decrease or that transportation and packaging costs decrease. We expect savings,
because packaging can be standardized and transportation can be organized in shorter

frequencies so that customers receive their goods earlier.”
e Number of customers:

As written in the case description, the manufacturer counts more than 500,000
customers worldwide. According to the sales managers, lots of them have customer-
specific requirements e.g. delivery conditions or product requirements. This means also
a high level of administration effort. However, as growth is dependent on the sales
increase, the complexity which is generated by an increase of customer numbers is a

good example where complexity is accepted.
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Conducting the interviews in the firm under study, it emerged that a high level of
capacity is needed to generate decision. This procedure is not only time-consuming but

also inefficient.

2.5 Implications for the Management of Supply Chain Complexity

The research explored a number of internal and external drivers of SCC in the drive and
control industry. An important role plays the high number of customers and suppliers
located in different regions in the world. This means that due to the numerousness of
up- and downstream partners, a high level of data management is necessary to
administer these in the IT-system and manage relationships. Additionally, the
heterogeneity of the customers tends to increase product variety considering customers’
individual requirements. This variety is reflected in a high number of material numbers
which needs to be administered in terms of purchasing from suppliers, planning in
production schedules and monitoring of inventory. The high level of variety leads to a
higher level of retooling in production and a negative impact of productivity. The sales
director states: “We as market leader have a commitment towards our customers. This
means that we have to fulfil their requirements. It is one of our core competences to find
customized product solutions”. As customised products often lead to the fact that
technical requirements need to be tested with regard to product quality, standard
processes cannot be applied and executed and create thus a higher level of supply chain
complexity. It is not only the test of the product quality, but also a reliable supplier
which is to be found or a special transport due to size and weight to the customer’s
location. A logistics manager explains: “when a large gear for wind turbines has to be
dispatched, we need extra qualified people and especially machines for loading the
truck. Sometimes we have to block some areas in the production hall when these large
and heavy gears are collected. It is a completely different process compared to the
despatch of small valves which can be packed into boxes and dispatched via parcel

service.”

Relevant drivers of SCC in this research are found in the lack of communication within
the organisation and the widespread manufacturing and sourcing network. Findings

show that the process of order processing is handled differently within the organisation.

-55-



In some organisational units, responsibility for this process is at sales and in other units
logistics department is responsible. This situation leads to the result that logistics may
provide a different delivery time to the customer than sales, because logistics is
interested in low inventory, but sales rather in prioritisation of customers. This means
that inventory may be kept regarding the importance of the customer and leads to higher
costs of inventory. A plant manager explains: “Through the difference in
responsibilities, we do not have only different contact persons for our customers, but

also different impacts on cost performance or the handling of delivery times.”

Further, the research explored SCC in the production network. This means that one
machine is used for the production of different product families, whereas ERP systems
support the production schedule. While the ERP-supported production schedule does
not necessarily consider requested delivery dates from the customer but only production
efficiencies, planning of delivery dates becomes more complex. Additionally, the high
number of internal deliveries leads to prolonged delivery times and an increase in
transportation costs. Internal deliveries are caused by the production program of the
plants. The technical director explains: “Our highly engineered products require a high
level of in-house production depth which cannot be provided in each of our plants
worldwide. However, we have to supply all our plants worldwide with the complete
product program so that we have a high share of about 50-60% of internal deliveries.
Shipping of the heavy goods is preferably done by sea freight and takes extra time for

transportation”.

With the implementation of a special product program (assortment management), the
manufacturer tackles now an external driver of SCC, namely managing uncertainties in
demand. Often, customers complain that products are not available and delivery dates
are not kept. The target of the special product program is to sort and cluster all products
according to a certain structure and based on this structure, delivery dates are agreed
and have to be kept from the manufacturer. The structure comprises three assortment
types. Assortment 1 contains mainly series products and shall be delivered within 5-10
days. The decision for the delivery time is agreed between sales and product
management so that it can be ensured that the delivery time is in accordance of what the
market expects. Assortment 2 includes mainly standard products and shall be available

within 10-15 days. Standard products are not as high-runners like in Assortment 1.
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Again, sales and product management decide on delivery time as well as on the product
parts which finally belong to this group. All other or remaining parts belong to
Assortment 3. Here, mainly customised or specific products are included, so that
delivery times will first be checked on the engineering and production effort and then
communicated to the customer. A product manager states: “I remember when we started
to realise this idea, I had to go through endless lists to decide which product belongs to
which assortment class. However, this offered really the chance to nominate the
products into this class of delivery time what the customer wants. And on the other side,
no movers can also be identified and eliminated. We have two main effects: The
planning of delivery times is dramatically simplified and the customer can rely on the
delivery time. Our suppliers are involved by receiving demand forecasts so that they can
plan their capacities accordingly.” The logistics manager adds: “With the information in
the forecast, the supplier can plan quantities for material in case of increasing as well as
of decreasing demand so that inventory can be kept at a minimum level. Usually, the
supplier receives the information electronically and regularly”. When summarising the
effects of the implementation of an assortment management, positive impacts on
operative performances like reduction of logistics costs, delivery reliability, but also on
reduction of numbers of suppliers as well as the high level of product parts can be
observed. However, on the other hand, additional processes have to be installed to
create a reliable forecast plan from customers which can be provided for suppliers and
their material availability. These additional processes have to be designed efficiently so
that promised delivery times can be kept. Therefore, the following hypotheses can be
offered:

Hypothesis 1a: Assortment management reduces numerousness in product

variety and suppliers.

Hypothesis 1b: Assortment management increases supply chain capacity by

structured sourcing and planning processes.

Occurrences like financial crisis or the nuclear catastrophe in Fukushima are described
as exogenous shock in this paper. In this case study the consequence of the financial

crisis was reflected by a high level of customer order cancellations and increasing
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inventory. Cancellations coming from customers are caused by full warehouses they
had themselves and missing signals of a growing market. Some other countries like
China withdrew national construction projects so that e.g. hydraulic parts for baggers
were not accepted for delivery. Taking the nuclear catastrophe in Fukushima the
company of this research had increasing problems with receiving parts from their
suppliers which are located in this region. Especially electronic parts for machine
controlling units are produced there and for a few parts, single suppliers in the world are
unable to deliver. In this situation, the SCC is not generated by the number of suppliers,
but with the vulnerability of the supply chain in terms of disruptions with less suppliers.
The dimension of a supplier’s failing resulting in non-deliveries to customers is difficult
to predict. Regarding delivery performance and logistic costs, these impacts increase
internal and external SCC. In order to control inventory costs, a strong integration of
suppliers through the exchange of logistic data is necessary. Customers deliver
important planning data to create a resilient demand planning. The sales director
explains: “Usually we receive a forecast planning from our biggest customers. Of
course, this forecast is only an indication for the needs of the next 12 months. In order
to recognize deviations which may have an impact on capacities and thus delivery times,
we contact these customers once a month and discuss their topical planning situation.”
Considering the effects on lead times in this case as example out of the machine
construction industry, the time to react on economic changes in times of decreasing
demand the supply chain is considered as too long until reductions in purchasing
towards suppliers are adapted to the actual demand. However, the interviews also
highlighted the high level of vulnerability of the supply chain in terms of any
disruptions in case of exogenous shocks. Some parts are available only from single
suppliers in Japan. In this case, the SCC driver is not the numerousness of suppliers, but
the high level of vulnerability regarding delivery performance. Managers argue that it is
very important that these suppliers fulfil their delivery commitment to fulfil the
company’s commitment towards its customers. The purchasing manager states: “When
the Fukushima accident occurred, the plant of a special semiconductor supplier broke
down so that we were not able to source those parts from him any longer. We were not
prepared to such a situation and had to implement a special team searching for any
replacement products and suppliers. This cost us a lot of time and extra effort in terms

of production processes to come to a solution.” As such disruptions lead to additional
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activities in the functional areas like logistics, purchasing or manufacturing, the

following hypotheses can be offered:

Hypothesis 2a: A supply chain with a high level of complexity is exposed to a

higher level of vulnerability in case of an exogenous shock.

Hypothesis 2b: A low number of suppliers represents a high level of SCC in

case of exogenous shock.

The interviews for this research are conducted in different functions of the company.
Regarding external interfaces of the supply chain like suppliers and customers it is very
important that information e.g. agreed delivery concepts with suppliers, changes in
demand (e.g. quantities or product parts) are communicated and made transparent. The
sales director explains: “We hold stock for certain components for customers where we
receive a forecast planning. However, final details of product configurations like
pressure settings are communicated only at very short notice and is not forwarded to
production for example. Therefore, we implemented now regular meetings with
colleagues from sales, logistics, production, controlling and R&D to ensure that each
function receives the information they need to satisfy the customer. Here we need to
work together very closely.” Group-based targets in general, but concurrent and cross-
functional cooperation of SCC in particular, is not only beneficial to manage external
SCC, but also to manage internal SCC. In this case study group-based targets represent
a common target for employees within the same group; e.g. all logistics planners receive
the same target for the implementation of the goods receipt process incl. standardised
ERP templates. Cross-functional targets are provided to employees from different
departments like logistics, sales, production and purchasing in the same manner. An
example is the reduction of inventories. While in the past, only logistics was responsible
for the reduction of inventories, now this target is given also to sales, production and
purchasing managers. While production had an interest to produce quantities to increase
efficiency, logistics never had the chance to reduce inventory. This is valid in a similar
way for purchasing: while purchasing ordered high volumes to realise purchasing ratios,

logistics monitored only increases of raw material.
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The interviews showed that single functions of the company are not or only partially
informed about activities of other functions in the company which influence SCC. An
example from this case study is that purchasing focuses on pricing whith suppliers. This
means that better prices are often achieved by high-volume purchases. However,
logistics monitors also the performance (in-time deliveries and logistics failures like an
incorrect quantity or product) to avoid missing parts for production or costs for returns.
Further, while sales focuses on increasing sales, it is also necessary to check with R&D
on the feasibility for customised goods or with production on availability. As the
aforementioned functions are faced by individual complexity drivers like planning
activities per business function, concurrent and cross-functional cooperation with
group-based targets allows reacting efficiently on internal and external SCC. Through
consequent and early involvement of R&D through regular information exchange,
product development can avoid SCC at the beginning of product development, because
complicated production processes or the identification of further suppliers for additional
product specifications can be avoided. The same is valid for purchasing which needs to
know logistic requirements. In many cases the product price of the supplier is low, but
the manufacturer has to carry unnecessary handling costs for unpacking. These handling
costs can be avoided if the supplier delivers the goods packaged as per the

manufacturer’s specification.

Although through the provision of compatible IT systems quantities of data are
produced and available, capacity plans and product availability can be made faster and
more efficiently. It is necessary that only relevant data is used by responsible managers.
A logistics manager states: “In the past we made our production plans mainly on sales
forecasts based on monetary volume, i.e. production had no indication which
quantities/pieces are behind the monetary values. The transfer to pieces and
consequently to capacities which are needed is quite difficult to coordinate. Even if
machines provide sufficient capacity, additional shifts are not spontaneously available
due to legal restrictions or regulations with the workers council”. Results support
managerial decisions concerning personnel capacity or development of inventories. The
research explored that before implementation of a regular program planning meeting,
each function followed its own targets. This meeting has the target to decide on the
manufacturing program based on market demand, i.e. that now the customer demand is

the trigger for the manufacturing program and no longer pure efficiency targets from
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production alone. Conflicts which are caused by individual targets in the different
departments e.g. low level of inventory in logistics vs. high level of efficiency in
manufacturing, lead to the situation that processes have not been managed efficiently
from the overall perspective of the company. Through the regular exchange of the
relevant information, i.e. sales forecast plannings, level of inventory or personnel
capacity, product engineering, an improvement of the formerly shown KPIs for
operative performance could be observed. Even if it is known from literature that
information exchange is beneficial for an organisation’s performance, the importance of
the installation of such focused teams with group-based targets has grown. While
departments worked on individual targets in the past, they now work on common targets
and activities which result from SCC drivers shown in Table 2.4. This cooperation
ensures a more efficient management of the SCC drivers. On the other hand, managers
have to provide and evaluate relevant information like bottlenecks in capacity or
delivery situation for coming to a decision. So it is not only the information exchange
itself that supports dealing with SCC, but the frequency and the content of it. The
following hypothesis is proposed:

Hypothesis 3: Group-based and cross-functional targets from purchasing,
sales, production, product development and logistics reduce

SCC.

2.6 Conclusion

The results of the research provide a general overview of SCC management initiatives
that can be utilised to assist decision-makers in formulating strategies to deal with
complexity. The solution strategies and supporting tools and techniques that are used to
overcome complexity-related problems. The synthesis outlines that when dealing with
detailed complexity the companies tend to use strategies to reduce complexity while
with dynamic and decision-making complexity they try to manage the complexity and
adjust their operations to cope with it. The use of tools and technologies to support

complexity management is widely used and recognised (Serdarasan, 2013).
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The results are in line with the literature where we observe three generic approaches
when dealing with complexity in the supply chain: complexity reduction, complexity
management, and complexity prevention (A.T. Kearney, 2004; Bode et al., 2015;
Childerhouse et al., 2003; Hoole, 2005; Perona et al., 2004; Serdarasan, 2009, 2013;
Sivadasan et al., 2004; Wildemann, 2000; Wu et al., 2007). The common approach is to
manage the necessary complexity in the system, and finally to prevent any additional
unnecessary complexity. The necessary complexity can be defined as what the
customer/market is willing to pay for and what would provide a significant competitive
advantage for the added complexity and unnecessary complexity as what brings no
additional benefits to the company/supply chain but involves additional costs. In the
long run, when dealing with a complex system all types of approaches should be
considered to maintain the balance and the entirety of the system. Grounded in the good
practices of complexity management in the supply chain, a complexity management
system can be broadly outlined as a series of actions. Starting with identification of the
current drivers and level of complexity in the supply chain, next step is determining
strategies for complexity reduction/management succeeded by evaluation of these
strategies based on the opportunities for improvement and determination of the desired
level of complexity. Once activities based on the selected strategies are executed, the
results should be assessed and fed back to the cycle to evaluate the overall success of

the complexity management system.

This research presents in Section 2.2 the current status of SCC in literature. It offers a
clear and succinct definition and develops some helpful guidance for the management
of SCC. Additionally, a detailed case study is conducted to extend the understanding of
SCC from a managerial perspective. By conducting in-depth interviews with top
managers from different functions it is elaborated which types of complexity drivers are
challenging manufacturers. New services like preventive or predictive maintenance
represent new business models. Although, lots of data is available, the decision which
strategy should be preferred is quite complex in terms of costs. Another aspect
discussed in the context of SCC is the role of product variety. A product analysis shows
the number of available product part numbers in relation to their sales volume. The
product analysis offers different causal aspects for an increase of complexity. Finally,

hypotheses are proposed of how to manage internal and external SCC.
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It is clear that managers are faced by an increase of SCC. In this context, the question
emerges concerning how to deal with it when customer requirements are changing
quickly or market conditions require adjustments of the supply chain. These questions
must be thoroughly answered if companies want to survive in a highly competitive
marketplace. Therefore, it is necessary to discuss different drivers of SCC as well as
different strategies of SCC management. The present research emphasises the necessity
of the integration of complexity management into SCM and shows insights into the
situation of a manufacturer regarding SCC issues. It discusses the deficits of SCM and
proposes recommendations of how to deal with SCC. The complexity of the supply
chain relates to numerousness, variety and interrelationships of its elements as well as
the internal and external dynamics which influence this system. These parameters refer
to the objects of SCC which are processes, products, information, systems, supply chain
partners. In order to cope with drivers of SCC, different strategies of SCM are discussed
so that clear strategies are derived for mastering complexity. There are four different
strategies which are accepting, controlling, reducing, and avoiding. Each strategy is
defined, discussed and indicates the importance for strategic implication of SCM. SCC
plays an important role within SCM as it ensures a high supply chain performance. The
strategies are not only discussed theoretically, but also enriched by operational and
practical evidence. However, future projects are necessary to extend and test this work.
Additionally, quantitative research is needed to evaluate the relations between the

presented findings of SCC.

In total, this case study provides deep insight into a global acting company with a
complex supply chain. Despite already implemented standardisations of processes or
product ranges as well as of information exchange, it is surprising that the company is
still faced by SCC problems. Especially the newly-detected SCC drivers require
additional activities to cope with these challenges. These drivers lead to a redesign of
information exchange with group-based targets accompanied by different information
management and new tools. Another noticeable aspect is that the new SCC drivers are
not deterministic, but dynamic. As it is known from literature, dynamic SCC drivers are
more difficult to cope with as they are less predictable. This means that additional
capacities are required to work on SCC measures like provision of IT infrastructure for
evaluating big data information. Therefore, managers cannot rely on known

methodologies like standardisation, for example. They always have to look into the
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SCC drivers and decide on focused activities. These activities will be a trade-off
between the contribution for handling a SCC driver and the input which may cause

further SCC.

Regarding the management of SCC, attributes like numerousness, organisation and
product design play an important role. It means also that cooperation in the upstream
and downstream supply chain may be intensified to achieve common benefits in terms
of cost savings. Section 3 discusses the different attributes of SCM based on the triple-A
research (Lee, 2004). The different attributes which are called supply chain agility,
supply chain adaptability and supply chain alignment are further explored in another
case study which includes in-depth interviews from suppliers, manufacturers and
customers. This is new in researching SCC that not only internal, but also external
supply chain partners are included. Another focus of the following section is the supply
chain attribute and its effect on KPIs. With the link of the supply chain attribute to KPIs,

a basis is given for measuring supply chain requirements.

The study explored SCC using a company based single case study. A potential
weakness of this study is the limitation of generalisation. The major limitation of this
study is the confinement of validation to one case, and there are also challenges in
evolving a quantifiable composite measure for SCC. This can be addressed in further
work, where detailed case study analyses for various industries can be carried out.
Nevertheless, the results can be generalised at least within the machine construction
industry and future research may be needed to explore generalizability to other

industries.
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3 Supply Chain Agility:
A Case Study in the Drive and Control Industry2

3.1 Introduction

Even if companies are faced by an increase of SCC, it is very important for their
competitive business performance that their supply chains are agile in the sense of being
responsive to the market. The agility of an organisation depends on the agility of its
supply chain. Supply chain agility can be achieved by other abilities within the
organisation, mainly supply chain flexibility and IT integration. Lots of processes are
behind these abilities which again lead to an increase of SCC (Swafford et al., 2008).
Lee (2004) explored in his studies several leading companies that focused on designing
adequate supply chains with the target to deliver goods and services to consumers as
quickly and inexpensively as possible. Those firms invested in state-of-the-art
technologies, and when the expected success did not turn out, highly talented experts
were hired to push supply chain performance. Many companies also teamed up to
streamline processes, lay down technical standards, and invest in infrastructure they
could share. All of those companies and initiatives persistently aimed at greater speed
and cost-effectiveness — the popular grails of SCM. According to Lee’s (2004) research,
top-performing supply chains are characterised by three very different qualities. First,
successful supply chains are agile. They react quickly to sudden changes in demand or
supply. Second, they adapt over time as market structures and strategies emerge. Third,
they align the interests of all parties in the supply network so that companies optimise
the chain’s performance while maximising their interests. Only supply chains that are
agile, adaptable, and aligned provide companies with sustainable competitive advantage.
Based on this research results, literature (Dubey et al., 2017; Chan et al., 2017; Yusuf et
al., 2014) is extended by exploring these supply chain qualities in the machine
construction industry with this research. Contrary to the aforementioned firms out of the
consumer goods industry, this paper is focused on the machine construction industry. In
detail, this research investigates which supply chain qualities have to be fulfilled from

the perspective of an OEM when SCC is continuously increasing. It includes not only

? Malina, S., Spinler, S., 2018. Supply Chain Agility: A Case Study in the Drive and Control Industry.
Unpublished manuscript
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internal aspects from the manufacturer, but also insights from upstream as well as
downstream supply chain partners. Further, it is explored how the qualities effect key

performance indicators.

An emerging body of research in SCM pertains to the development of flexibility and
agility to cope with the challenges of more dynamic and complex marketplaces. In
recent years, in addition to increasing levels of competitive pressure, business
environments have also been characterised by growing levels of turbulence and
unpredictability. Thus it has been stressed that organisations must strategically develop
agility to provide superior value as well as to manage disruption risks and ensure
uninterrupted service to customers (Christopher, 2000; Christopher and Towill, 2001;
Zhang et al., 2002, 2003; Chopra and Sodhi, 2004; Kleindorfer and Saad, 2005;
Swafford et al., 2006).

Lee (2004) highlights that companies that aim to achieve a sustainable competitive
advantage need an agile, adaptable and aligned supply chain. Others argue that agility is
conceptually distinct and different from flexibility, but that flexibility is still a key
characteristic of agility (Christopher, 2000). While both concepts refer to the ability to
change, Swafford et al. (2006) characterise the flexibility-agility association as a
competence-capability relationship. According to strategy literature, capabilities are
externally focused, while competencies are internally focused, and capabilities are
derived from competencies (Prahalad and Hamel, 1990; Teece et al., 1997; Zhang et al.,
2002, 2003); thus, supply chain agility can be considered as an externally focused
capability, while flexibility is an internally focused competency and its antecedent. As
Swafford et al. (2006) also highlight, a system can be flexible without being agile, but
an agile system is always flexible. Narasimhan et al. (2006) define agility as “the ability
to efficiently change operating states in response to uncertain and changing market
conditions. Agility involves many types of flexibility, and it includes the capability to
do unplanned new activities in response to unforeseen shifts in market demands or
unique customer request.” This case study offers the possibility to explore supply chain
agility in detail for the manufacturer, but also for suppliers and customers, i.e. upstream
and downstream supply chain. This differentiation is new in literature and provides an

academic contribution to the ongoing discussion.

- 66 -



This paper is organised as follows: Section 3.2 presents an overview of literature
pertaining to the triple-A, including the research questions explored in this study.
Section 3.3 explains the case study methodology as well as sample description, data
collection, and analytical methodologies. Section 3.4 presents the research findings

including a discussion of the results.

This study contributes to the topical research in the emerging field of supply chain
agility, supply chain adaptability, and supply chain alignment by providing supporting
case study findings. This study increases the managerial understanding of advanced

SCM.

3.2 Literature Review

3.2.1 Supply Chain Agility (SCAg)

In an international environment, the supply chain often is the part of a firm which is
most severely affected by changes in the manufacturing or political environment. The
firm’s international supply chain frequently limits performance due to many traits
usually associated with agility. For example, it may be difficult to adjust the structure or
geographical setup of a supply chain to react to changes if the firm has plants on more
than one continent. In such cases, supply chain agility may quickly become the limiting

factor in a firm’s overall agility (Prater et al., 2001).

Supply chain agility can be defined as the ability to respond rapidly to unpredictable
changes in demand or supply (Lee, 2004; Swafford et al., 2006). Many organisations are
at risk because their response times to demand changes or supply disruptions are too
slow. Agility has many dimensions and it concerns both networks and individual firms.
Indeed, a key to agile response is the presence of agile partners both upstream and
downstream. Researchers (Gligor et al., 2013; Gligor et al., 2014; Eckstein et al., 2015)
define supply chain agility as the ability of the firm to change tactics and activities
within its supply chain to respond to market opportunities, environmental changes as
well as to threats. Further literature discusses flexibility as a construct with dimensions
including adaptability, alignment and agility (Stevenson et al., 2007, 2009), but this has

not discussed the combined attributes of agility, adaptability and alignment.
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Agility has also been defined, in the context of structuring leanness and agility, as “the
ability to efficiently change operating states in response to unforeseen shifts in market

demands or unique customer request” (Narasimhan et al., 2006).

Aside from flexibility, other potential antecedents of agility include the role of internal
integration, involving cross-functional alignment, and external integration with key
customers and suppliers (Zhang et al., 2002, 2003; Swafford et al., 2006). These authors
suggest that internal and external integration are also necessary to ensure connected and

coordinated responses to unforeseen changes to create an agile supply chain.

Braunscheidel et al. (2009) analyse the organisational antecedents of a firm’s supply
chain agility. This and other studies have shown that organisational culture has a
significant impact on operational decisions, such as the adoption of advanced
manufacturing technology (Zammuto and O’Connor, 1992; Mc Dermott and Stock,
1999), cellular manufacturing in small businesses (Yauch and Steudel, 2002) and time-

based manufacturing practices (Nahm et al., 2004).

Christopher et al. (2004) discuss visibility and velocity as primary antecedents of supply
chain agility. Visibility implies a clear view of upstream and downstream inventories,
demand and supply conditions, and production and purchasing schedules. It also implies
internal visibility — that is, clear rules and structures of communication and agreement
on “one set of numbers”. Visibility is distorted by the presence of the bullwhip effect
(Lee et al., 1997), which can magnify small changes in marketplace demand as it moves
back up the supply chain. Velocity, as a second antecedent, is defined as distance over
time. Hence to increase velocity, a firm must reduce the total time it takes to move
products and materials from one end of the supply chain to the other. End-to-end
pipeline time — as it relates to agility — can be measured as the through-put-time from
when the focal firm places orders with its first-tier suppliers to when it delivers to its
customers. It is not only velocity that is important in the creation of agile supply chains,
but acceleration. In other words: how rapidly can the supply chain react to changes in

demand, upwards or downwards?

Prater et al. (2001) argue that firms should focus on key aspects of supply chain agility
and not strive to comply totally with a theoretical ideal of agility. Moreover, even if a

very high degree of supply chain agility is called for, the complexity inherent in the
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organisation of many international supply chains may make the realisation of complete
agility impossible. In this research supply chain agility is defined as the capability to

adjust the supply chain short-term to maintain or achieve competitive advantage.

3.2.2 Supply Chain Adaptability (SCAd)

Lee (2004) defines supply chain adaptability as the adjustment of the supply chain
design to accommodate market changes. He recommends creating different supply
chains for different product lines, to optimise capabilities for each. For example, with
highly customised low-volume products, companies should select vendors close to the
main markets. For standard, high-volume products, contract manufacturers in low-cost
countries are preferable because intermediaries can support the company in finding
reliable vendors in unfamiliar parts of the world. Flexibility is increased when different
products use the same components and production processes. Adaptable supply chains
evolve over time as economic progress, political shifts, demographic shifts,
demographic trends, and technological advances reshape markets. Ivanov et al. (2010)
emphasise the different structures found in supply chains, including business processes
and structures focusing technology, organisation, technique, topology, information and
finance. All of these structures are interrelated and wvariable in their dynamics.
Especially in adaptive supply chains with highly variable dynamics, it is critical to
achieve structural coverage, responsiveness and flexibility as well as to avoid structural
incoherency and non-consistency through supply chain planning and operations. The
adaptation of one structure causes changes in the other related structures. To ensure a
high responsiveness level, the supply chain plans must be formed extremely quickly,
but must also be robust (Ivanov et al., 2010). Ketchen et al., (2007) define supply chain
adaptability as the willingness to adjust supply chains where necessary, without ties to
legacy issues or the way the chain has been operated previously. Stevenson et al. (2007)
argue that supply chain adaptability is the property of a supply chain which allows the
partners to deal with the dynamics associated with supply chain. Thus, it becomes very
important to develop and execute supply chain plans in relation to all of the structures
involved. This can be realised if first different SC structures are considered

simultaneously and second the execution dynamics in all of the structures can be
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reflected to create mutual feedback between SC plans and operations. In this research
supply chain adaptability is defined as capability to adjust the supply chain mid-term to

achieve competitive advantage.

3.2.3 Supply Chain Alignment (SCAI)

Lee (2004) defines supply chain alignment as the establishment of incentives for supply
chain partners to improve the performance of the entire chain. All partners need equal
access to forecasts, sales data and plans. To avoid conflicts, the roles and
responsibilities of each supply chain partner must be clarified. By defining partnership
terms, the risks, costs and rewards of improving up- and downstream supply chain
performance are shared. The incentives are aligned so that players maximise overall
supply chain performance while also maximising their returns from the partnership. Lee
(2004) suggests that all supply chain partners’ incentives and disincentives, e.g.
penalties for late deliveries or cost savings through redundant checks of incoming goods,
should be transparent. For the supply chain as a whole to experience a benefit,
incentives must be organised in such a way that all partners are aligned — for example,
by designing contracts so that partners share risks, expenses and benefits in equal parts.
After cutting costs across certain supply chains, Wal-Mart executives split the savings
equally between their firm, the supplier (Procter&Gamble) and the customer (Croxton
et al., 2001). Alignment of information is also vital — participants must have access to
needed data on flows and forecasts to fulfil their responsibilities (Ketchen et al., 2007).
Whitten et al. (2012) argue that from a strategic perspective, business functions like
sales, manufacturing, purchasing and logistics must be aligned externally and internally
throughout the complete supply chain to achieve competitive advantage. In this research
supply chain alignment is defined as the capability to shape the supply chain by
involving internal and external supply chain partners so that risks, costs and benefits can

be shared.
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3.2.4 Research Motivation

Several researchers have noted a need for more information regarding what aspects of
agility should a firm control to reduce the complexity of their supply chain (Prater et al.,
2001; Braunscheidel et al., 2009). Others suggest that case and field research could
generate knowledge revealing the impact of these supply chain qualities on a firm’s
performance (Lee, 2004; Yusuf et al., 2014; Dubey et al., 2017). At the same time, there
is a need to identify performance measures that can be used to evaluate the success of
these characteristics across the supply chain. As supply chains will compete with supply
chains in the future, companies must understand that flexible supply chains will
outreach those that are less agile (Duclos et al., 2003; Dubey et al., 2017). Literature
(Barratt et al.,, 2007; Johnson, 2003) states that ideally manufacturers remain
competitive by increasing SCAg without increasing costs, but they do not increase SCC.
This means that manufacturers shall only provide a level of complexity that customers
are prepared to pay. As complexity is inherent to uncertainty, an effective method to
manage it is to adapt the supply chain. SCAd adjusts the SC design to response to
market changes (Lee, 2004).

Gunasekaran et al. (2008) define SCM as the coordination of resources and the
optimisation of activities across the value chain to obtain competitive advantages. Lee
(2004) discusses how the triple-A supply chain can produce a competitive advantage,

but does not explore how SCAg, SCAd and SCALI are reflected in a firm’s performance.

Kaplan and Norton (2001) introduced the balanced scorecard arguing that an exclusive
reliance on financial measures in a management system is not sufficient. Financial
measures are lag indicators that reflect on the outcomes from past activities. Exclusive
reliance on financial indicators could support behaviour that sacrifices long-term value
creation for short-term performance (Porter, 1995). The balanced scorecard approach
keeps measures of financial performance — lagging outcome indicators — but replenishes
these with measures on the drivers, the lead indicators, of future financial performance.
This limited approach has been challenged, with the introduction of the concept of key

performance indicators for non-financial results (Beatham et al., 2004).

The difference between strategic and operative KPIs is often neglected. Strategic KPIs

are relevant for the long-term performance, e.g. development of EBIT (earnings before
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income tax). Therefore, the collection of data is not necessary in such short frequencies
as it is for operative KPIs (e.g. through-put times in production processes). It is
recommended that operative KPIs are collected and controlled in real time. Operative
KPIs help to identify strategic challenges on time and take the opportunity to start
activities appropriately. The key is to implement strategic and operative KPIs correctly
so that they are in accordance with the company’s strategy and are relevant for their

purpose (Parmenter, 2015; Weber, 2012).

Literature (Blome et al., 2014; Dubey et al., 2017; Gunasekaran et al., 2017; Fosso
Wamba et al., 2017; Raue et al., 2013) argues that research still needs to be improved in
the emerging field of agility, adaptability and alignment. Based on the literature review,

the following research questions arise and are explored in this case study:

(1) Which operative and strategic KPIs measure supply chain agility, adaptability

and alignment?

The first question is answered by asking managers which KPIs are installed and
monitored for deriving measures on the three supply chain qualities. Yusuf et al. (2014)
offer some insights into this topic for the oil and gas industry based on strategic KPIs.

An extension to other industries and also operational KPIs is still missing.

(2) What interdependencies exist among supply chain agility, adaptability and

alignment?

The second research question analyses if the three qualities can be treated by supply
chain managers individually or if there are interdependencies which may offer
competitive advantages. Literature (Lee, 2004; Dubey et al., 2015) offer some general
findings e.g. for the humanitarian sector, although answers are still missing for the
machine construction industry, especially under the involvement of the upstream and

downstream industry.

(3) How can optimal levels of supply chain agility, adaptability and alignment be

achieved?
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The investigation to answer this question offers various measures which managers can
implement to improve a company’s level of supply chain agility, adaptability and
alignment. However, an increase of one quality may also lead to an increase of SCC.
Blome et al. (2014) discuss this question focusing on supply chain flexibility. However,

literature regarding this question needs to be extended for the aforementioned qualities.

As these research questions are not answered in existing literature, a case study is
conducted to answer these questions. Another contribution of this research is that data is
not only collected from internal employees of a manufacturer, but also from external
supply chain partners — i.e. customers as well as suppliers — so that both upstream as

well as downstream supply chain can be covered.

3.3 Research Methodology

3.3.1 Case Study Methodology

The case study method was selected because it offers an appropriate approach for
exploring the supply chain qualities of agility, adaptability and alignment under
consideration of the novel character of the research (Manuj and Mentzer, 2008). The
strengths of case study research include the likelihood of generating novel theory, the
possibility of direct testing and resulting empirical validity (Eisenhardt, 1989;
Eisenhardt et al., 2007). Further advantages include relevance, understanding and
exploratory depth (Meredith, 1998). Boyer and Swink (2008) also suggest that case
studies provide richness and first-hand observations in a natural setting, thus providing a
foundation for further review. Drawbacks to case study research include a lack of rigour,
a low possibility for scientific generalisation, and high time and cost requirements (Yin,
2014). Eisenhardt (1989) identifies a risk of overly complex theories lacking parsimony.
Additionally, Boyer and Swink (2008) identify a risk of bias on the part of the
researcher. For Yin (2014), case study research is most appropriate when ‘how’ or ‘why’
questions are being asked and when evaluating contemporary, rather than historical,
events. Meredith (1998) states that case studies are best used to generate and extend
theory. In the early stages of theory building, the researcher should be in close contact

with the environment being studied (Handfield and Melynk, 1998). Case studies are
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used to investigate small samples analysing a large number of variables to identify new
empirical relationships for an in-depth understanding of the complex external world

(Wacker, 1998).

Case study methodology is thus appropriate and applicable for explorative theory
development, such as the investigations in the present paper. To avoid the shortcomings
listed above and ensure the fulfilment of the aforementioned criteria, we will follow the
clearly defined process developed by Stuart et al. (2002). This process comprises five
stages: (1) define the research question, (2) develop the instrument, (3) gather data, (4)

analyse data and (5) disseminate the results.

3.3.2. Sample Description

After the definition of research questions in section 3.2.4, the researchers developed the
research method and selected the company for study. A theoretical sampling approach
(Glaser and Strauss, 2017) was used by selecting a company that could provide relevant
data to gain a deeper understanding of the research questions. For this purpose, the
company selected would need to experience challenges in a competitive industry but
demonstrate strong operational and financial performance. The company should
additionally provide a heterogeneous structure and sufficient size to enable the
comparison of company divisions as sub-case studies. The case company, which is
selected for this study operates in the highly competitive machine construction and
automotive industry. For confidentiality reasons, the name of the company has been
disguised. Characteristics of this industry include customised low-volume products, but
also series business as well as project business with a high level of product variety and
demand for intense customer service. Customers in this industry tend to make
purchasing decisions based on price and brand awareness and show increasing interest
in short-term product availability. The market is characterised by high quality
requirements and cost pressure driven by upcoming private competitors in Asia,
increasing customer requirements and thus high expenditures in R&D. The supply chain
of the company under study is structured in a global, regional and local organisation in

North America (NA), Europe (EU) and Asia-Pacific (AP).
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3.3.3 Data Collection and Analysis

In order to gather data to explore the research questions, structured interviews were
conducted. Overall, nineteen semi-structured interviews were held. This included
interviews with fifteen middle and senior managers from various business units.
Additionally, two customers from Germany and Italy as well as two suppliers from
Germany were asked to provide information to explore the up- and downstream supply
chain (Table 3.1). Both the suppliers and customers have maintained a business
relationship with the manufacturer for more than 8 years. All interviewees selected were
on a sufficiently high managerial level to allow them to contribute meaningful answers

to the research questions, based on their responsibility and experience.

The content of the interviews was based on emerging theory (Glaser, 1978), i.e.
upcoming relevant questions were explored and discussed until no further new
information resulted from the last interview as compared to the previous ones and,
therefore, saturation was achieved. The interviewees included employees from the
logistics controlling department at the corporate headquarters who were working on the
development of logistic key performance indicators. They also included senior logistics
managers responsible for worldwide logistics activities to remain competitive, i.e. to
achieve high customer satisfaction through high delivery performance or reduce
logistics costs by improving costs for inventories. In order to increase internal as well as
external validity, senior managers from different business units, regions and functions
were interviewed. This interview process included managers from corporate, business
units and plants from different locations and functions such as logistics, purchasing,
sales and R&D. The supply chains in the regions of NA, EU and AP were explored by

interviewing the head of regional logistics.
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Table 3.1: Overview of Interviewees

Seniority/
Organization/ Business
Function Location Responsibility relationship
Logistics Manager Corporate Standardization of logistics projects worldwide 9 years
Logistics Manager Corporate Head of supply chain innovation activities 5 years
Logistics Manager Corporate Standardization of logistics projects worldwide 15 years
Logistics Controller Corporate Logistics Controlling, Target Development, Reporting 2 years
Logistics Manager Business Unit Target Responsibility for plants, implementation of logistics standards 1 year
Logistics Manager Business Unit Target Responsibility for plants, implementation of logistics standards 4 years
Logistics Manager Business Unit Target Responsibility for plants, implementation of logistics standards 10 years
Manufacturer|| ogistics Manager Plant Plant responsibility for material and information processes 4 years
Logistics Manager Plant Plant responsibility for material and information processes 7 years
Head of Purchasing Corporate Corporate responsilibility for purchasing activities and suppliers 12 years
Product Development Business Unit Product responsibility for defined product groups 4 years
Sales Director Country Unit Sales Responsibility of a European country unit 18 years
Logistics Director Corporate Region America 5 years
Logistics Director Corporate Region Europe 3 years
Logistics Director Corporate Region Asia 4 years
Supplier Sales Manager Germany Key-Account-Manager 8 years
Sales Manager Germany Key-Account-Manager 5 years
Customer Purchasing Director Italy Price negotiations and delivery conditions 5 years
Purchasing Director Germany Price negotiations and delivery conditions 6 years

Validity requirements are fulfilled by using multiple sources of evidence, obtained by
interviewing managers from different organisation units, regions and functions that vary
significantly from each other (Glaser and Strauss, 2017). The interviews were semi-
structured and lasted approximately 1.5 hours. This structured approach created internal
validity by ensuring comparability between interviews. To check the accuracy of the
verbal responses, the data was triangulated (Stuart et al., 2002) by examining
controlling reports and meeting minutes. This additional data helped to support or
correct the interviewees’ comments, thereby avoiding reliance on individual subjective
observation. Each interview started with an overview of the research project. The semi-
structured questionnaire focused on the managers’ understanding of SCAg, SCAd and
SCAI and the impact of the qualities on the company. Finally, the interdependency of

the three qualities was discussed.

The interviews were documented in written form and evaluated and categorised using
Microsoft Excel. The grounded-theory methodology of systematic organisation and
constant comparison of data within and between interviews was followed by using open,
axial, selective coding (Glaser and Strauss, 2017). In open coding, the data under
analysis was coded (e.g. slow response time or poor quality in planning). In axial coding,

a link between SCAg, SCAd and SCAI was developed. In selective coding, the core
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code (e.g. SCAg) was identified and explored to determine whether commonalities
through function or region could be discovered. Internal validity is pursued during the
data analysis phase through the use of pattern-matching and explanation-building. With
findings that support or are consistent with existing theory, external validity is
supported (Yin, 2014). In order to ensure internal validity, the answers were reviewed
by placing different patterns on the results: the results were analysed by work
experience, region, level, function and department (Stuart et al., 2002). Following
Gibbert et al. (2008), the following criteria were applied to ensure rigour in the data
collection and analysis: internal validity, construct validity, external validity and
reliability (Yin, 2014). Relevant sources were defined in advance and questions were
formulated prior to interviews and observation. This helped to ensure that data was
correct and appropriately organised, while minimising any social desirability bias on the
part of the researcher (Fisher, 1993). The minimisation of social desirability bias
reduces systematic errors resulting from the desire of respondents to avoid

embarrassment and project a favourable image to others (Fisher, 1993).

3.4 Findings
3.4.1 Design of Performance Indicators

While SCAg and SCAd reflect the flexibility and capability of the SC itself, SCAI is
seen by the managers as the willingness to synchronise the supply chain with suppliers
and customers. One logistics director argued that SCAI should ideally eliminate the
bullwhip effect. This can be achieved when relevant information on demand
developments is made transparent, and when common targets are developed with
benefits for all parties including both internal and external supply chain partners. The
aim is to achieve cost reductions of inventories and improved order fulfilment towards

the customers.

Again, all managers confirmed that SCAI influences their business significantly.
Managers from the upstream and downstream supply chain argue that common target
setting is beneficial for all partners in the supply chain and the measures and activities

from SCAg and SCAd are a cornerstone for the definition of common targets. SCAI
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requires the enforced integration of suppliers and customers in terms of demand
development, sourcing locations and product development. Especially while managers
see the trend that customers move to low-cost countries, products should be available
close to the place of consumption. For cost reasons (transportation, inventory)
customers source their goods locally, so that local suppliers are preferred. This “local
for local” approach may result in lower logistics costs, but it also results in an increase
in SC complexity due to an increase in the number of suppliers and differences in
product quality. To cope with this risk, the company under study offers consulting, free
of charge, to preferred suppliers to help them to understand the requirements of the
company. Integrating the suppliers in this way improves awareness of the

manufacturer’s targets, e.g. in terms of delivery performance or logistic costs.

Looking towards the customers — the upstream SC — the company under study tries to
use forecasts to manage order fulfilment under optimal cost development. When
customers benefit from shorter delivery times without price increases due to reduced
warehouse costs, the willingness to provide and exchange appropriate information
increases. The interviewees agree that, for an aligned SC, all SC partners need clear
rules and synchronised processes with appropriate IT support. “We see many benefits
for all SC partners with an aligned SC. Due to different interests it will be difficult to
summarize the target in the short term, but in the long term, it will support our strategy
and improve competitiveness.” The resource dependence perspective proposes that
organisational success and ultimately survival occur by maximising power (Pfeffer,
1981) through acquiring rare and cost-intense resources (Pfeffer et al., 1978). Pfeffer et
al. (1981) state that with the relevance of the resource, firms should aim an increase of
vertical coordination. The resource-based view (Penrose, 1959; Rumelt, 1984;
Wernerfelt, 1984) reviews these propositions and argues that strategic resources in an
industry may be different across firms. As these resources may not be transferrable, the

resource heterogeneity may remain (Barney, 1991).

Firms should increase coordination with other members of the supply chain; for
example, by acquiring access to strategic supplier technologies and knowledge, forming
supplier partnerships and strategic alliances (Arminas, 2004), developing joint ventures
(Ellram, 1992), or even purchasing sources of supply (Webster, 1992). Especially under
uncertainty (Pfeffer and Salancik, 1978), which is caused by dynamism and complexity
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(Duncan, 1972) in the supply chain environment, the relation between resource

dependence and vertical coordination becomes even more important.

Literature (Soosay et al., 2008; Swink, 2006; Barratt, 2004) emphasises that the key to a
successful supply chain is achieving enhanced inter-organisational relationships that can
improve innovation. Relevant types of SC integration are either vertical or horizontal
integration. While horizontal integration focuses on SC activities on the same level of
the supply chain (Barratt, 2004), vertical integration concentrates on SC activities on
different levels of the supply chain (Caputo et al., 1996). Barratt (2004) argues that
horizontal integration results in reduced logistics costs or advanced procurement terms
through group purchasing power. Caputo et al. (1996) see the advantage of vertical
integration in the improvement of better material and information flows. Traditionally,
the field of strategic management has analysed an organisation’s external opportunities
and threats (Ansoff, 1965; Porter, 1980, 1985) under the assumption that internal
organisational resources are homogeneous and any existing resource heterogeneity

within an industry will be short-lived (Porter, 1980).

With this case study, it is explored which KPIs are used as indicators for activities on
SCAg, SCAd or SCAI. The manufacturer uses its standard strategic and operative KPIs
for further definition and implementation of activities on a more agile, adaptable and
aligned supply chain. Based on the interview results a remarkable impact for allocating
the KPIs to SCAg, SCAd and SCALI is given by the time aspect which is perceived by
the individual qualities. While SCAg represents short-term activities, the managers
argued that the information if SC activities are agile or not, is mainly received by
operational KPIs. The situation looks different regarding the measurement of SCAd.
Referring to the interviews again, SCAd represents mid-term activities. Here managers
mentioned that they receive feedback from tactical KPIs, e.g. customer surveys or
spontaneous individual feedback. The head of purchasing gave the following example:
“We offer regularly free of charge trainings to our suppliers so that they do better
understand our needs. They get trained of how our forecasts are to be understood so that
they can provide material accordingly. This helps us to avoid any material bottlenecks,
but also to save inventory costs. On the other hand, we learn which information is
needed by the supplier. In this case, we can adapt our supply chain so that a win-win

situation for the supplier and for us occurs”. Finally, SCALI is perceived as a long-term

-79 -



supply chain activity. As expected, the interviews offer evidence that the alignment of
the supply chain is included in strategic KPIs like sales, market share or profit.
Activities for an aligned supply chain entail intense cooperation towards customers and
suppliers with mutual confidence and targets. A logistics manager says: “Only when the
partnership enjoys a high level of confidence, the partners are prepared to provide and
exchange data so that costs can be saved or the lead-time performance can be improved
throughout the complete supply chain”. In summary a correlation between the duration
of the SC activity and the type of KPI could be observed. Table 3.2 provides an
overview of the assignment of KPIs for SCAg, SCAd and SCAI from the perspective of

logistics and their impact on relevant KPIs.

Table 3.2: Overview of KPI assignment for SCAg, SCAd and SCAI

Type Time Aspect KPI

Supply chain agility >> short-term >> operational KPI
Supply chain adaptability >> mid-term >> tactical KPI
Supply chain alignment >> long-term >> strategic KPIs >

KPI Overview

Operational Tactical Strategic

» Logistics costs (% of * Customer satisfaction * Sales
turnover) survey Mark_et share .

» Total coverage time (sales vs. | » Individual and spontaneous * Earnings before income
inventory) feedback tax (EBIT)

» Fulfilment of lead-time
* Delivery performance of

suppliers Balanced scorecard
* Delivery performance to apprqaChZ
customers * Aligning external partners
» Through-put times in * Managing the alignment
production process o
» Through-put times in logistics * Total strategic alignment
* Level of inventory * Alignment as source of
* Administration costs economic value

* Production costs

Regarding operational KPIs for measuring supply chain agility, the following KPIs are

monitored: manufacturing costs, production costs, logistics costs, delivery performance
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and inventories. In terms of supply chain adaptability the manufacturer in this case
study uses feedback from customer satisfaction surveys or further individual or
spontaneous feedback. Strategic KPIs like sales, earnings before income tax (EBIT) and
market share are used to monitor the development of supply chain alignment. One of the
most complicated decision-making problems for managers is the evaluation of the
supply chain performance (Shafiee et al., 2014). Although vast studies have been
conducted on supply chain efficiency evaluation via a balanced scorecard approach
(BSC), these studies do not focus on the relationships between the four perspectives of
BSC approach (Shafiee et al., 2014). These four perspectives include a financial
perspective, a customer perspective, an innovation and learning perspective and finally
an internal process perspective (Kaplan et al., 2001). With the implementation of group-
based, especially cross-functional targets, an improvement in KPIs could be monitored
in this case study. Traditional performance measures focused only on financial metrics
in the past (Kaplan et al., 1992; Hoque, 2014). Researchers (Bromwich et al., 1989;
McNair et al., 1990) prior to Kaplan and Norton criticised such measures for
encouraging managers to focus on short-term financial results while sacrificing long-
term perspectives. These and others (Lynch et al., 1991) promoted the idea that
additionally non-financial measures like on-time deliveries, process cost reduction,
quality, cycle time and product complexity would be of benefit for organisations in the
longer run (Chenhall et al., 2007). The idea of linking measures to strategy is also not
unique to the balanced scorecard. Grady (1991) stated that the strategic objective of a
company should be broken down into critical success factors and critical actions. Hoque
(2014) presents in his research approaches in terms of alignment, e.g. aligning external
partners or processes. Thus, it is recommended to managers also to apply balanced

scorecard aspects to push SCAL.

3.4.2 Interdependence of SCAg, SCAd and SCAI

This paper investigates the interdependence of SCAg, SCAd and SCAI. Kembro et al.
(2015) argue in their research that connectedness of inter-firm relations implies a certain
type and intensity of interdependence among supply chain actors. Notably due to
Thompson’s (1967) work in organisation theory, three main types of interdependence

can be identified:
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Pooled interdependence represents two activities without direct links that share a
common resource and contribute together to a system output: each part renders a
discrete contribution to the whole and each is supported by the whole. Serial
interdependence occurs through direct links between activities where the input of one
part is directly dependent on output from another. Reciprocal interdependencies depict
mutual exchange of inputs and outputs with each unit posing contingency for the other.
Thompson (1967) states that the type of interdependence generates implications for
organisational communication and coordination, moving from pooled to serial to
reciprocal interdependencies between units, communication requirements and
coordination of cost increase. Skipper et al. (2008) extended interdependence theory in
the study of inter-organisational exchange relationships and particularly the
combination of serial, pooled and reciprocal interdependencies can be useful to
understand the mechanics of supply chains as networks of exchange relationships
(Kembro et al., 2015). According to Dubois et al. (2004) the supply chain concept relies
strongly on the notion that there is sequential interdependence among activities which
therefore need coordination with focus on adjusting and aligning such activities to
increase output, reduce costs or increase the service level of the system. Additionally,
pooled interdependencies manifest themselves in supply chains where any organisation
represents a range of resources and activities that need to be efficiently integrated
despite the fact that this organisation may be a member of several different supply
chains. In other words, many supply chains compete for the same resource whereas each
supply chain partner may have different interests (Kembro et al., 2015). It seems that
the potential of interdependence theory for studying inter-organisational information
sharing in supply chains has been underplayed (Kembro et al., 2014). It is assumed that
when the different types and intensities of interdependence among supply chains are
considered, that this can help to better understand not only potential barriers to
information sharing in the extended supply chain but also how such information sharing
may need to be adapted to the particular context. Danese et al. (2004) state that the
characteristics of interdependence between firms and the number of interacting firms
are important to consider when selecting coordination mechanisms. Cox (2004)
formulates interdependence in the context of high buyer power relative to supplier, and
vice versa. In other words, interdependence only exists when both buyers and supplier

can exert power to each other. Characteristics that indicate the intensity of
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interdependence (e.g. weak or strong) include the number of potential buyers and
suppliers, percentage share of total market for supplier, allocation of costs and

uniqueness in offerings (Cox, 2004).

Literature (Thompson, 1967; Dubois et al., 2004; Cox, 2004) provides insights of
interdependencies of information sharing in a supply chain. Especially when conflicts
occur, personal relations and contracts seem important for partners to commonly resolve
any issues and together learn how to improve in the future. The direct connection in
dyadic supply chain relationships studied indicates either reciprocal or serial
interdependence. Based on the aspects explored by Cox (2004) and taking the definition
by Dubois et al. (2004), it seems that two supplier relationships exhibit characteristics of

strong reciprocal interdependence.

Before the interdependencies of SCAg, SCAd and SCALI are analysed, the three qualities
are shortly reviewed. Sharp et al. (1999) define supply chain agility as the ability of a
supply chain to quickly respond to changes in market and customer demand, while
Ismail and Sharifi (2006) describe it as the capability of the supply chain and its
members as a whole to rapidly align the network and its operations to dynamic and
turbulent customer requirements. Supply chain adaptability is also necessary for
companies to generate capabilities to cope with long-term, fundamental changes like
radical advances in technology, structural shifts in key markets and socio-political as
well as demographic changes (Eckstein et al., 2015). Further to the definition overview
in section 3.2.2, alignment is achieved through inter-organisational relationships that are
governed by a combination of formal contracts and relational norms (e.g. trust,
confidence) (Cao et al., 2015; Wacker et al., 2016). These frame conditions enable
companies in supply chains to align with their changing environments and market
requirements and improve performance (Matthews et al., 2017). In this paper it is
proposed that supply chain alignment is a process which is underpinned by the dynamic
market requirements and the limited resources that a company has. A process
perspective is also important because performance objectives and incentives often must

be realigned, even long after a contract is agreed (Lee, 2004).

Based on this review, a certain interdependence can be assumed and will be further
elaborated in this section. The analysis of the interviews shows that all three qualities

refer to changes of the SC design. Activities that are implemented to increase SCAg,
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SCAd and SCAI are used as a method to define and achieve overall company targets in
both the commercial context in terms of sales or profit as well as in the logical frame in
terms of delivery performance or logistic costs. This finding pertains to the overall
supply chain including suppliers, manufacturers and customers. Next, an effort was
made to differentiate and prioritise these qualities. Figure 3.1 shows a framework
depicting the triple-A in SCM under consideration of various criteria such as

implementation period, scope or KPI effect.

Figure 3.1: Framework of a triple-A Supply Chain

vertical horizontal
Short-term > mid-term > long-term >
Changes of internal External factors require Involvement of external SC partners
processes/structures/organizati changes of existing supply vertical: on same SC level
on chain horizontal: on different SC levels

Operational KPIs: Tactical KPI: Strategic KPIs:
- Logistics costs - customer satisfaction survey || - Sales
- Delivery performance - spontaneous and individual - Eamings before income tax
- Order fulfilment feedback (EBIT)
- Production costs - Market share
- Inventories
- Lead time of processes
- Strategy and vision are - .Local for Local*: Vertical:

transparent to employees Satisfy local market needs - warehouse sharing among

by localizing product - common goods receipt process

- Continuous improvement development, purchasing, - common goods despatch

process (CIP) for business production and distribution process

processes

- Reduction of product Horizontal:

- standardization of planning portfolio - Strong involvement of

process suppliers and customers in

) - Platform concepts in order to planning process

- Implementation of ad hoc fulfil short-term customer - increase of supplier ﬂIibility

process improvements along orders and to reduce by deﬁning clear ﬂmbxhty

the complete supply chain v entoNes criteria

This framework gives a clear picture about different aspects of an agile, adaptable and
aligned supply chain. Despite the differentiation, there are also interdependencies
among these qualities. A logistics director explained: “In order to remain profitable and
fulfil our customers’ requirements, we have to strongly involve our suppliers and
customers into our processes. For example, we developed a so-called supplier flex index

so that the supplier gets the information what our flexibility expectations are. This helps
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both sides to ensure material availability and avoid obsolete stock. However, mutual
trust is absolutely necessary when it comes to information exchange.” The framework
shows also that SCAI is measured by means of strategic KPIs. This may lead to the
assumption that SCAI is of highest priority for managers, although it may take more
time and effort until realisation compare to the other qualities. As SCAI involves
external SC partners, the common target definition process takes more time, but is
considered to have a more sustainable effect on the SC design. This effect is based on
common benefits such as cost savings from inventory costs or transportation costs
which are shared among the SC partners. Some interviewees emphasised that for a
successful aligned supply chain it is very important and necessary that all supply chain
partners are willing to share information and thus increase transparency. According to
their experience and estimation this cooperation can be expected from customers to
fulfil their delivery expectation, but also from suppliers so that they are in the position
to provide material accordingly. The managers also highlight that the target or benefit
for all parties must be clearly defined and understood, otherwise the information
exchange may not be fully supported and may lead to fail the common target. Based on
the outcomes of the interviews it is clear that the target of the manufacturer is to achieve
an aligned supply chain, because this offers shared costs and mutual benefits, but also
risks among all supply chain partners. Regarding SCAg, managers state that activities
for a higher level of agility are decided rather spontaneously and regarded as trial. Only
if the measurement is of sustainable success, the measurement may be taken up as
standard for SC management so that it finally represents an adapted supply chain. A
topical example is the current test for dispatching goods from Germany to Asia by train
instead of vessel. This means that not each agile SC activity leads to an adapted SC
automatically. This may be valid only for sustainable activities, which bring a persistent
benefit to the company. Referring to Thompson (1967) it can be assumed that a
reciprocal interdependence exists between SCAg and SCAd. When SCAI then enters
into the game so that external SC partners are involved, it is obvious that processes
among the supply chain partners have to be adapted to exploit benefits. Only if the
supply chain is adapted, the alignment of it can commence. Again, a reciprocal

interdependence between SCAd and SCAI becomes evident.

In this case study the manufacturer offers customised products of uniquely designed

components with individual delivery times, but also serial products which underlie short
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delivery times to remain competitive against other manufacturers. For this reason, the
manufacturer made changes in its supply chain design by relocating production facilities
or by introducing flexible purchase quantities with selected suppliers. Due to the
reciprocal type of interdependence, the supply chain had to be adapted in terms of its
design on a strategic level to implement business processes as well as to create a shared
view of the future and secure business for the next years. With the new supply chain
design which entails activities of SCAg, SCAd and SCAI, the customer receives its
products on time and ensures market share for the manufacturer. Considering higher
volumes, customised products and unpredictable demand patterns, the need for SCAg,
SCAd and SCAI shows characteristics of strong, reciprocal interdependence where
supply chain partners depend mutually on “get it right” in production and delivery
schedules. This is why the manufacturer implemented cross-functional meetings which
focus on selected products in large markets representing reciprocal interdependencies to
develop their inter-organisational business processes. Thereby, the manufacturer strives

to better plan production and logistics activities with better service to the market.

3.4.3 Optimal Levels of Supply Chain Agility, Adaptability and

Alignment

The analysis of the interviews along the complete supply chain (supplier, manufacturer,
customer) shows that the interviewees’ understanding of SCAg is consistent with Lee’s
definition (2004), namely the competence to adapt the SC quickly to market
requirements with a flexible (IT) system, flexible processes and a flexible organisation.
SCAg can only be achieved if flexibility is present. SCAg supports the supply chain’s
ability to react efficiently to changes in the market, e.g. market growth or shrinkage.
This flexibility results in higher sales and revenue as well as less obsolete stock. Higher
SCAg can increase customer satisfaction due to short lead and delivery times. The
interviews showed that SCAg can be found in the internal as well as external supply
chain. This is in contrast to the literature (Prahalad and Hamel, 1990; Teece et al., 1997;
Zhang et al., 2002, 2003), where SCAg refers mainly to external changes, while the

term ‘flexibility’ is used for internal activities.
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All managers agree that current and future business is significantly influenced by
increased SCAg. The benefit of higher SCAg results in a reduction in through-put times
and higher customer satisfaction due to reliable delivery times and product availability.
Interviewees added that information from forecasts, local-for-local sourcing, strong
supplier integration as well as advanced IT support all increase supply chain agility. The
interviewees from the manufacturer identified several internal company conditions
necessary for creating agility. For one, on a human resources level, flexible shift models
are necessary to cope with changes in demand, i.e. in times of high customer demand
employees work overtime and in periods of overcapacity employees reduce their
working hours. Today, such adjustments to the flexibility of working hours are long
lasting due to demanding agreements between the employer and trade union
representatives. Additionally, targets need to be defined in such a way that they are
transparent and progress is visible. Qualification and training for employees strengthen
their understanding of processes so that problems or disruptions can be solved faster.
An example in the company under study is that the SAP system is heavily customised
so that special know-how is needed to start transactions like availability reports or

picking lists.

According to the interviewees, another condition required for an agile supply chain is
the implementation of a comprehensive planning system. The planning system is not
only relevant for internal capacity or resource plans; it is even more important for
external interfaces towards the upstream and downstream supply chain partners to be
implemented. Managers emphasise the need to create a demand plan based on volume
or quantities, respectively. The head of logistics stated: “Contrary to our business plan,
which is created in monetary values, we need an additional plan which is based on
volume and quantities. This is the only chance to prepare a solid capacity plan. Only if
we know quantities, we can manage our warehouses properly.” This means that demand
planning based on quantities/pieces in the upstream and downstream supply chain
enables managers to optimise their decisions concerning personnel and inventory. As
soon as demand increases and is reflected in the planning, purchasing can involve its
suppliers on time so that the order fulfilment can be satisfied without increasing costs
for inventories. One senior logistics manager confirmed: “We need to expand and
improve our demand planning based on quantities. The input from sales is very

important for our suppliers in terms of delivery times, but also for internal capacity
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planning and through-put times.” Finally, these decisions make it possible to achieve
targets and improve KPIs. This statement further suggests that an agile supply chain
relies on the cooperation of different internal functions, but also external supply chain

partners, so that the process and not the function is in focus.

With an agile supply chain, customers expect to make call-offs with flexible quantities
to keep their stocks and the costs involved as low as possible. The expectation for the
call-off is to decide the point of time when they need the products, but also flexibility

regarding the quantity as well as on the final product variant.

With an increase of SCAg to achieve higher customer satisfaction, the managers from
the manufacturer see a risk of increased logistic costs as — for example — higher
inventories may be provided at different supply chain locations to achieve short and
reliable delivery times. As inventory in the investment goods industry causes high costs,
the manufacturer will seek to have his suppliers provide stocks according to the
manufacturer’s demand. This may cause investments in additional warehouses for the
supplier. An increase in SCAg means that processes change quickly; this requires
investment in employee trainings and qualifications, such as IT courses or additional
training on the job. On the other hand, all managers uniquely stated that an agile supply
chain, from the supplier to the customer, is absolutely necessary to stay competitive in
the market. This is especially the case if the company is confronted by a high level of
SCC. Swafford et al. (2008) argue that organisations with supply chain agility can better
react to unexpected events. Moreover, agile supply chains are more market-oriented

because they are better able to synchronise supply with demand.

In the next step the interviewees were asked about supply chain adaptability along the
complete supply chain, i.e. differentiated by supplier, manufacturer and customer.
While SCAg implies short-term flexibility, SCAd focuses on the capability to adapt to
changes in the environment in principle, not necessarily under any time restrictions. The
regional head of logistics stated: “We need to create our processes more efficiently. An
increase in local suppliers improves to shorten our delivery times towards the customer.
Additionally, we can grow more if we expand our logistics processes towards our
customers and suppliers”. Regarding activities to increase SCAd, the managers revealed
that they are quite similar to those required to increase SCAg, wheras a difference can

only be seen in terms of time. While SCAg measures can be realised in the short term,
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SCAd activities take longer; for example, supplier integration measures or adapted
distribution measures require more time to synchronise processes and set up common
conditions. In terms of the downstream supply chain, intense customer contact is needed
to understand the requirements of changes in demand or product development, and
analyse whether the manufacturer has the competence to fulfil these requirements. Even
small customers with high margins need to be involved in the SC design to satisfy their
needs. With this information the manufacturer can adapt the upstream supply chain
accordingly so that a win-win situation can be achieved for all supply chain partners.
Defining supply chain alignment as the willingness to synchronise supply chain
processes with the target of cost reductions or increased order fulfilment to satisfy
customer requirements, this study identified two different types of SCAI. These are
called vertical supply chain alignment and horizontal supply chain alignment (Figure

3.2).
Figure 3.2: Vertical and horizontal supply chain alignment

Vertical supply chain alignment Optimization of SC processes
and sharing of benefits along the
upstream and downstream supply chain.

Supplier

Tl

Manufacturer A =>: Manufacturer B =>: Manufacturer C

Horizontal supply chain alignment

Individual manufacturers ﬂ ﬂ
synchronize same supply chain

processes and share benefits;

e.g. one warehouse for all

manufacturers, optimization in Customer

commissioning processes.
No involvement of up- or
downstream SC partners.

In the case of vertical supply chain alignment, defined supply chain processes from
upstream to downstream supply chain partners are synchronised so that benefits are
ultimately shared among all partners. For example, with an integrated demand planning
process started by the customer, the manufacturer is able to provide capacity and
resources appropriately. At the same time, the supplier also receives information about

demand development so that parts or material can be ordered in the optimal quantity.
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The transparency created by this information enables the complete supply chain to
avoid inventory costs or obsolete stock. The supply chain partners share common

information so that material flows can be optimised individually.

Alliances should be developed with key supply chain members to meet customer
requirements and reduce total delivered cost to the customer. The objective is to
develop a seamless process from the supplier to the organisation and then on to its
various customer segments (Lambert et al., 2000). In the case of horizontal supply chain
alignment, the independent business units of a group synchronise identical supply chain
processes to share benefits. Usually, these manufacturers share the same processes not
only in terms of information flow, but also in terms of material flow. As the
manufacturers share the same buildings and premises, synchronisation can be achieved

for processes like picking or dispatch.

Both vertical and horizontal supply chain alignment offer a win-win relationship in
which the supply chain partners involved benefit, as well. This is a change away from
the traditional bid-and-buy system and the integration of key suppliers early in the
design cycle, which can lead to a dramatic reduction in product development cycle
times (Lambert et al., 2000). Next a resource dependence perspective (Pfeffer, 1981;
Priem et al., 2012) was used and a resource-based view (Hunt et al., 2012) of the firm to
develop a theoretical lens through which to view SCM. This is used to make a more
general case for why the explicit incorporation of SCM activities into an organisation’s

agility practices can further enhance the organisation’s long-term viability.

Thus far, this case study has delivered examples and findings of how to improve and
advance SCAg, SCAd and SCAI. However, it also has to be clarified how an optimal
level can be achieved. As SCAg, SCAd and SCAI always go along with changes in
supply chain design it can be argued that an optimally designed supply chain should,
through one or a variety of metrics, reflect the “best” configuration and operation of all
of these elements (Wassick, 2009; Garcia et al., 2015). Nonetheless, optimising a supply
chain can be technically challenging task, especially for large ones. For the
implementation of an optimal level for SCAg, SCAd and SCALI, an iterative approach is
recommended to be adopted where the dimensions of responsiveness, speed and
efficiency are identified and evaluated. With the iterative approach, the optimal level of

an activity is achieved when hardly any new findings can be observed after the
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implementation of any activity out of the dimension of SCAg, SCAd or SCAI
Literature (Mihalis et al., 2016) offer a multi-agent model where the roles for each of
the agents within the framework are defined and the interactions among these agents are
modelled. The model can potentially provide enhanced levels in each of the dimension
of supply chain agility. It shows how the multi-agent system can assist to overcome the
trade-off between supply chain agility and complexity of global supply chains.
Optimisation and optimal control of multi-echelon supply chain operations is difficult
due to the interdependencies across stages and supply chain partners (Gattorna, 2016).
The resulting models can usually not be solved numerically due to the high dimension
of the state space for instances of realistic size. Many customers require special
maintenance services provided in different locations and for different products where
different departments are involved. In order to achieve an optimal level of reciprocal
interdependence for SCAg, SCAd and SCAIL a DES model is recommended to
manufacturers. At the beginning of each iteration, an optimisation model for each
supply chain activity defines the quality of the measure so that finally managers can
decide on the outcome if the supply chain will be adapted or not. This iterative

procedure continues until the performance gap becomes minimal.

3.5 Summary of Case Study Findings

Lee (2004) provides the basic definition of the triple-A qualities of SCM and offers
insight into the role of each of the three triple-A elements. The three elements comprise
supply chain agility, supply chain adaptability and supply chain alignment. Definitions
of the triple-A are explored by a case study to gain more insight from practitioners and
reflect the findings with literature. The case study further explores how the triple-A
affect KPIs in the complete supply chain, including upstream and downstream supply
chain partners. Figure 3.2 shows the framework of the triple-A elements explored in this
research. It depicts each element in terms of the time needed for realisation and
describes exemplary measures and their effect on KPIs. This case study provides further
an overview of operational, tactical and strategic KPIs in Table 3.2 which are used by
the manufacturer of this case study to measure progress of activities for SCAg, SCAd

and SCAI The results of the interviews show that the time aspect which is associated
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with each of the triple-A, is reflected in the relevant type of KPIs. Managers are thus
able to define selective activities on the three supply chain qualities. Based on the
findings of the interviews and referring to the explored KPIs shown in Table 3.2., the

following hypothesis can be offered:

Hypothesis 1a: A higher level of short-term activities on SCAg leads to better

results of operational KPIs.

Hypothesis 1b: A higher level of mid-term activities on SCAd leads to better

results of tactical KPIs.

Hypothesis 1c: A higher level of long-term activities on SCAI leads to better
results of strategic KPIs.

Further, this case study offers a framework for a “Triple A Supply Chain” in Figure 3.1.
Each quality can be fulfilled according to a different time aspect. Although the
interviews show that supply chain alignment is the utmost target of the manufacturer,
activities on supply chain agility and supply chain adaptability are necessary in advance
to achieve this target. This gives an indication of a reciprocal interdependence between
the three “A”s according to Thompson’s (1967) theory. The manufacturer in this case
study motivated some high-volume suppliers to install supplier storages close to the
premises of the manufacturer. With this agreement and thus alignment of the supply
chain, the manufacturer received a guarantee to have all necessary parts available
without having them in his own stock. On the other side, the supplier had a commitment
for being registered as long-term supplier to the manufacturer. Based on the outcomes
of the interviews the incentive for the manufacturer of an aligned supply chain is that
costs, benefits, but also risks among all supply chain partners can be shared so that it
can be argued that the installed activity will be defined as standard. Therefore, the

following hypothesis is offered:

Hypothesis 2: The higher the level of reciprocal interdependence, the higher

the level of supply chain alignment.
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The results of this research indicate that supply chain agility, adaptability as well as
alignment provides positive effect on a company’s operational, tactical and strategic
performance. The result shows also that supply chain alignment provides the greatest
financial benefits and lead time improvements for all partners of the supply chain,
including both suppliers and customers. This approach confirms the research of Zhang
et al. (2003) or Swafford et al. (2006) by stipulating that internal and external
integration is also necessary to create and agile and aligned supply chain. In order to
achieve this target condition, a strong involvement of all supply chain partners is
required, and this can be achieved only on a long-term basis. To achieve an aligned
supply chain, therefore, companies should implement SCAg measures of a more short-
term nature as well as SCAd measures on a mid-term horizon. It can be concluded that a
supply chain alignment can only be achieved by including SCAg and SCAd measures,
as well. By conducting the case study, the typical characteristics in terms of time and
scope of the three attributes coincide with the findings in literature (Prater et al., 2001,
Braunscheidel et al., 2009, Lee, 2004, Christopher et al., 2004). In summary, this
research extends Lee’s (2004) investigation by differentiating the analyses according to
the main supply chain actors. The main difference arises from the time aspect required
to realise a measure. Considering the different time aspects of the three supply chain
qualities and linking them to the manufacturers KPI system, the following hypotheses

are offered:

Hypothesis 3a: The degree of short-term improvements of operational KPIs

depends on the improvement level of supply chain agility.

Hypothesis 3b: The degree of mid-term improvements of tactical KPIs
depends on the improvement level of supply chain

adaptability.

Hypothesis 3c: The degree of long-term improvements of strategic KPIs

depends on the improvement level of supply chain alignment.

New in this research is the extension of activities to achieve SCAg, SCAd and SCAI
and the connection to KPIs. It is to emphasise that in a strongly aligned supply chain

also external supply chain partners benefit from lower logistics cost or shorter lead
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times. This presents a clear incentive to all supply chain actors. With this research it is
shown how companies can use existing operational, tactical and strategic KPIs as basis
for further activities on supply chain agility, adaptability and alignment. Additionally,
examples of measures are presented which offer an impact on a higher level of SCAg,
SCAd and SCAI. A special contribution of this research is the discussion about
interdependence of the triple-A. This discussion is not yet covered in topical literature
of SCM. The findings discussed in Section 4 enrich the academic discussion in the field
of SCM und provide support for managerial decisions. With these findings, managers
are now able to improve their activities on a more agile, adaptable and aligned supply

chain.

3.6 Conclusion

This study extends Lee’s (2004) research on triple-A (agility, adaptability and
alignment) in SCM. The literature review in this research gives an overview of the
academic discussion of each of the three elements and led to the development of
research questions whose exploration generated a novel contribution to academic

literature.

In order to conduct an in-depth analysis and provide a better understanding on the
research topic, a case study was carried out to gather data both from the manufacturer
and from suppliers and customers. The inclusion of data from external supply chain
partners is new in this field of research. This case study suggests explicit measures that
can be used to develop an agile, adaptable and aligned supply chain. Another new
contribution is the differentiation between horizontal and vertical supply chain
alignment. This exploration supports managers in their decisions concerning how to
implement and improve SCAg, SCAd and SCALI This case study shows that measures
to promote these qualities are of high importance for managers in achieving an aligned
supply chain which is of highest priority due to cost and efficiency reasons. While
supply chain alignment usually involves additional external supply chain partners and is
more time-consuming in terms of developing a common understanding of processes and
structures, measures to increase supply chain agility are seen as a short-term activity.

The target of an aligned supply chain — either horizontally or vertically — is for all SC
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partners to benefit from any improvements such as sharing costs and benefit from each
other’s processes so that strategic KPIs can be improved. The results indicate that
supply chain managers need to strategically review their processes to identify
possibilities for increased supply chain agility. At the same time, managers need to
enforce their supply chain collaborations so that the benefits of an aligned supply chain

can be realised.

Another new and valuable contribution of this paper to literature and practitioners is the
allocation of KPIs to the dimension of SCAg, SCAd and SCAI. At the same time also
interdependencies could be explored in detail. They brought interesting evidence and
these findings offer now the opportunity to define and implement specific supply chain
activities. A novelty is the exploration of reciprocal interdependence and its impact on a
supply chain. This paper seeks to look beyond the commonly researched
interdependencies of dyadic relationships and explore interdependencies of SCAg,
SCAd and SCAI. Thompson (1967) offers three types of interdependence: pooled, serial
and reciprocal interdependence. The study has explored which activities are currently
implemented from a manufacturer in the machine construction industry to achieve
SCAg, SCAd and SCAI, considering also whether such activities are characterised by
pooled, serial or reciprocal interdependence. This study stresses the importance and role
of reciprocal, serial and pooled interdependence (Thompson, 1967; Dubois et al., 2004)
for SCAg, SCAd and SCAL More specifically, reciprocal interdependence appears to be
the strongest type in terms of intensity and entails activities in SCAg, SCAd and SCAL.

In summary, the analysis explored the triple-A in greater detail and determined that it
will be of major impact and challenge for a company’s competitiveness in the future. By
creating a framework for the triple-A, the case study provides support for managerial
decisions by defining measures for increasing these factors and identifying their impacts
on KPIs. However, as this is an evolving research area, further investigations are needed;
for example, on target definitions with SCAl among external SC partners or how to
quantify the impact on KPI. Accordingly, these aspects should be explored in future

research.

Despite having conducted a detailed literature review, the present research has its
limitations. First, the research is based on a single case study which may provide

generalizability for the machine construction industry in Germany. However, further
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research is needed for other industries as well as regions. Bearing this in mind, other
studies may report different findings. To strengthen the generalizability, it is
recommended that future researchers consider samples from other industries and

cultures.
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4  Reduction of SCC by Redesigning the Supply Chain: A
Discrete-Event Simulation in the Machine Construction

Industry3

Financial Times (2016) argues that many supply chain problems are generated by
operational actions in industry. A manager states in an article that much of the supply
chain is floating on the ocean, so that strikes in the port can delay shipment of goods
and parts and endangers the manufacturing process. He says additionally, that customers
are increasingly part of the problem. “Consumers are also triggering more volatility
because they have access to so much information for decision making that they have
become more fickle and there is a lot less brand loyalty.” Further on, today’s tougher
regulatory environment can raise issues further down the supply chain, says French
Caldwell, a senior executive with MetricStream, a supply chain compliance software
company. He says: “Organisations are increasingly being held responsible for the
actions of their suppliers. You can no longer claim to be unaware if your supplier

breaches regulations on product specification or workplace safety.”

Another manager states in an interview with the Financial Times (2016): “We have
made advances in statistical analysis, taking into account seasonal impact at a more
local level”. In this case combining predictive analytics with radio-frequency
identification (RFID) tagging and internet of things technology can help minimise
transportation hazards, e.g. by spotting potential component failure in advance. This
enables pre-emptive action and minimises downtime. Carmaker Volvo is applying SAS
software to its fleets of trucks and buses to replace parts before vehicles breakdown. It
analyses more than 100 parameters to predict the wear on a component, identify
abnormalities and speed up the diagnostics of incidents affecting vehicles. RFID tags
and sensors on goods in transit can also raise alerts when product quality is threatened
by — for example — warning that the refrigeration unit on a truck has failed, so
potentially damaging foodstuffs. Analytics can also be applied to meteorological

forecast data to predict possible shipment delays caused by storms at sea. These

3 Malina, S., Spinler, S., 2018. Reduction of SCC by Redesigning the Supply Chain: A Discrete-Event
Simulation in the Machine Construction Industry. Unpublished manuscript.
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statements in the Financial Times offers insights into the challenges of existing supply

chains and arising SCC.

The objective of managing and aligning the supply chain is to synchronise customer
requirements with the flow of material from suppliers to equalise conflicting goals of
high customer service, low inventory cost and low unit cost. The design and operation
of an effective supply chain is of fundamental importance to every company. It is
important to understand that customer satisfaction covers all of the points of contact
between the customer and the supplier in terms of order processing, delivery
performance, sales services, technical support, financial packages, etc. The following
paper investigates such trade-offs under a DES model. For the benefit of such trade-offs
to be fully achieved it is necessary to think of a single integrated supply chain rather
than functional areas. To resolve these problems effectively and develop the supply
chain into a weapon for gaining competitive advantage, it requires the development of

an integrated supply chain driven by the needs of the business (Stevens, 1989).

4.1 Introduction

SCC and supply chain agility are two popular keywords in SCM. As new keywords are
developed and promoted the affinity is to discuss them in a progression and in
separation. Therefore, there was first the request to deal with the topic of SCC and
manufacturers should align to become agile (Booth, 1996; Ward, 1994; Lee, 2004). This
paper provides a simulation tool to study how SCC may be managed through supply
chain agility and its effect on supply chain performance, i.e. development of inventory
levels, logistic costs and order fulfilment. It will show how the need for agility and
complexity depends upon the total supply chain strategy and that supply chain agility is
best suited to satisfy a volatile demand (in terms of volume and variety) under cost

optimisation for inventories and order fulfilment aspects.

The paper starts with the background of supply chain simulation, especially on system
dynamics (SD) and discrete-event simulation (DES). It contributes to the ongoing
discussions about SCC and supply chain agility by providing insights into an existing

supply chain of an OEM and its optimisation approach by redesigning the supply chain.
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For this approach, a DES model is created. With the computer-supported approach of
SD, complex problems can be solved and analysed. Initially called “Industrial
Dynamics” (Forrester, 1961), the field developed from the work of Jay W. Forrester at
the Massachusetts Institute of Technology. SD has its origins in control engineering and
management; the approach uses a perspective based on information feedback and delays
to understand the dynamic behaviour of complex physical, biological, and social
systems (Lane, 1997). Lane (1997) summarises Forrester’s approach to modelling and
understanding management problems as “... social systems should be modelled as flow
rates and accumulations linked by information feedback loops involving delays and
non-linear relationships. The purpose is to learn about their modes of behaviour and
design policies which improve performance”. In order to respond to customer demands
like shorter lead times, increased delivery frequency as well as higher quality of process
and product, simulation models are built to analyse distribution systems. They are able
to evaluate and quantify logistic and financial performances in different areas e.g. in
catering supply chains, health systems or financial market scenarios (Jansen et al., 2001;

Jun et al., 1999; Jacobs et al., 2004).

Section 4.2 provides an overview of supply chain simulation with focus on SD and DES
in SCM. As SCC plays also an important role for the development of the model, a short
review will be included on this topic. Section 4.3 provides a DES model based on the
findings of previous case studies on SCC and supply chain agility. A simulation will
follow to quantity effects from the model. Section 4.4 contains a scenario analysis with
simulation of growing and shrinking market conditions, while Sections 4.5 and 4.6 end

with findings and conclusion of the paper.

4.2 Literature Review

4.2.1 Background Discrete-Event Simulation

Strategic SCM deals with a wide range of decision-making problems that concern the
long-term development and operations of a firm like e.g. number, location and capacity
of warehouses and manufacturing plants, material flow through the supply chain

network, inventory management policies, supply contracts, distribution strategies,
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supply chain integration, outsourcing and procurement strategies, product design,
decision support systems and information technology (Georgiadis et al., 2005; Pierreval
et al., 2007). Simulation is used to manage stochastic properties which occur in supply
chains. Additionally, with the support of simulation, optimum values can be found for

the complete supply chain (Lee et al., 2002; Eskandarpour et al., 2015; Ge et al., 2015).

In this paper, the problem of a firm’s performance in terms of inventory management is
investigated and simulated. Due to the fast-changing volatile demand and factors from
SCC - as discussed in further detail in Section 4.2.3 — managers need to make their
decisions under time compression. The methodological approach developed in this
paper could potentially be used for capturing most of the above strategic SCM problems.
Since each of the problems has its unique characteristics, guidelines for the
methodology are presented and further analysed in depth by a specific strategic
management problem, namely long-term inventory planning. The approach is to use the

well-proven and accepted methodological tool for decision-making with DES.

Apart from SD, discrete-event simulation DES is a widely-applied modelling tool for
supporting and confirming decision support management. In the area of SCM
simulation-based DES provide solutions on a strategic, tactical and operational level.
Some specific examples of the issues that DESs address include supply chain design
and reconfiguration, inventory planning and management, production scheduling and

supplier selection (Tako et al., 2012; Persson et al., 2009).

In the late 1950s DES and SD were developed independently from each other, with very
little communication between the two fields. The existing work largely comprises
opinion-based statements which are often influenced by the authors’ field of expertise
(Tako et al., 2010). It has been argued that DES and SD are quite different modelling
approaches, especially in terms of the type of problems modelled (Brailsford et al.,
2001). The general attitude is that DES is considered as more applicable for modelling
problems at an operational/tactical level, whereas SD is more suited to modelling
problems at a strategic level. However, others claim that the separation between the two
modelling approaches might not be that unique. Different aspects of the same problem
may be highlighted by each modelling approach (Morecroft et al., 2005). On the
contrary if the problem is similarly represented in both methodologies, similar outcomes

can be expected from the users’ perspective (Tako et al., 2009).
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DES as well as SD are both developed to observe and understand how systems behave
over a certain period and compare their results under different premises (Sweetser,
1999). However, some technical aspects have to be considered and differentiated in the
two modelling methodologies due to their principles. While e.g. DES models systems as
a network of queues and activities where state changes occur at discrete points of time,
SD models represent a system as a set of stocks and flows where the state changes occur

continuously over time (Brailsford et al., 2001).

In DES, entities — e.g. objects or people — are represented individually. Each entity can
get specific attributes which determine the behaviour throughout the simulation.
Opposite, in SD individual entities are not specifically modelled, but instead they are
reflected as a continuous quantity in a stock. DES models are usually stochastic in
nature, where randomness is created through the use of statistical distributions. In
general, SD models contain feedback loops, they are deterministic and variables
represent average values. In DES models state changes appear at irregular discrete time
steps, while in SD state changes are continuous, approximated by small discrete steps of
equal length. More information about these modelling approaches can be found in

relevant textbooks (Law, 2007; Pidd, 2004; Robinson, 2004; Sterman, 2000).

4.2.2 Application of Discrete-Event Simulation

The main reason to apply DES for system analysis in SCM is the option to consider
dynamics as well as the simplicity of modelling. DES is advantageous for studies where
time-dependant relations are analysed. Simulation can reflect uncertainty and
complexity which supports supply chain analysis (Jain et al., 2001, Persson et al., 2009).
Manivannan (1998) provides examples of supply chain simulation e.g. in the area of

warehousing, distribution systems or trucking operations.

Jain et al. (2001) argue that the level of details is one of the major problems in supply
chain simulation. Usually, the level of detail should reflect the objective of the analysis.
Therefore, the decision concerning the level of detail is an important topic in supply
chain models. Moreover, the model has to be valid so that results are useful. Due to the

lack of data or system experts, validation of a supply chain model can be a difficult task.
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Manivannan (1998) emphasises that complexity in supply chains is one of the main
obstacles in supply chain simulation software followed by unfamiliarity to simulation in
the logistics industry. The wide use of optimisation methods in SCM as well as the

closed-form solution of problems are other challenges for simulation.

Banks et al. (2002) explore the difference of supply chain simulation and other
simulation applications. A major differentiating criterion from e.g. simulation of
manufacturing systems is that supply chain models contain aside information flows also
flow of materials, i.e. that different levels of detail have to be managed in the simulation.
Different supply chain actors store data differently so that it is more difficult to collect
relevant data. Consequently, it is difficult to model the complete supply chain on the
same level of detail. The problems with diverse levels of detail as well as the size of
supply chain models often require a large number of alternative scenarios with efficient
experimental planning. As subjective methods like walkthroughs are rather impossible
to undertake on the supply chain level, validation is another topic where simulation in
SCM is difficult. Sub-model validation is a possibility for the problem of huge systems
as long as system experts with a detailed knowledge about the whole supply chain are

not available in the whole supply chain (Persson et al., 2009).

4.2.3 The Role of Supply Chain Complexity (SCC)

With changing customer requirements, competition and regulations, SCC increases, as
companies form strategic partnerships with suppliers, outsources services or explore
new markets. The rapid increase of SCC seems to be supported and enhanced by
customisation, innovation, globalisation, alliances and flexibility (BCG, 2018). Wilding
(1998) was one of the first using the term SCC. He defines supply chain complexity as
deterministic chaos, parallel interactions and amplifications. Sivadasan et al. (2002b;
2004) suggest that complexity can be managed by transferring it to other parties,
charging for creating complexity, increasing resources for the elimination and finally by
the avoidance of complexity. Sivadasan et al. (2002b; 2004) argue that the management
and prevention of complexity depend on a company’s resources like time, stock, IT
systems or decision-making processes. Perona et Miragliotta (2004) proceed similarly

with the management of SCC. They develop a normative complexity model where the

-102 -



actual complexity is the result of basic complexity reduced by complexity reduction
levers. In order to minimise disruptions in a system caused by complexity and smoothen
supply chain processes, flexible manufacturing processes (Gordan and Graves, 1995;
Sethi and Sethi, 1990) or flexible supply via multiple suppliers (St. George, 1998) are
discussed. Towill (1996b) states that rapid, effective and efficient response to changes
in the market is one of the main challenges in modern supply chains. As supply chains
move to more complex systems (Warnecke, 1993; Tharumarajah et al., 1996; Choi et al.,
2001; Surana et al., 2005; Mason, 2007), researchers aim for more robustness, agility,
autonomy and emergence in logistics systems through different types of manufacturing
(Okino, 1993; Ueda, 1993; Winkler et al., 1994; Iwata and Onosto, 1994; Gunasekaran
and Ngai, 2004; Scholz-Reiter et al., 2004). What all of these concepts have in common,
is the objective of adaptive supply chain processes that ideally autonomously react to
the complex and changing demands of their environment to compete profitably in
highly competitive but changing markets. With these conditions, this paper provides a
DES of complexity drivers throughout a supply chain, where all supply chain partners

can act profitably as a result of an aligned supply chain.

4.2.4 Research Motivation

Supply chains can be defined as an integrated network of facilities and transportation
options for supplying, manufacturing, storing and distributing materials and products.
They differ tremendously in size, complexity and scale from industry to industry
(Garcia et al., 2015). Standard elements of supply chains usually involve suppliers,
manufacturers and distributors. In the physical dimension, these elements are linked to
processing facilities, factories, trucks, trains, sea-faring vessels, and warehouses. An
optimal designed supply chain should, through one or a variety of metrics, reflect the
“best” configuration and operation of all of these elements (Garcia et al., 2015).
However, a supply chain comprises independent entities whose first interest is
optimisation of their own business (Wassick, 2009; Ge et al., 2015; Eskandarpour et al.,
2015). Optimising a supply chain can be a technically challenging task. A global supply
chain is a large-scale, complex system that comprises a variety of supply, production,

and distribution facilities (Ottino, 2011). There will also be an assortment of
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transportation options with different lead times, which link these entities together and
create an integrated network. Apart from this network, a supply chain underlies a
variety of uncertainties, such as supply disruption, changing customer requirements,
global price changes of commodity goods, etc. (Garcia et al., 2015). Thus, there is great
economic potential and practical need to optimally design and coordinate all activities
of all supply chain partners to achieve smooth operation for large and complex supply
chains (Garcia et al., 2015). Consequently, optimisation models and methods for supply
chain design and operations have been of great interest to industry and academia over
the past decades (Grossmann, 2012; Chopra et al., 2012; Barbosa-Povoa, 2014). Instead
of reviewing now excellent review papers (Grossmann, 2012; Chopra et al., 2012;
Barbosa-Povoa, 2014) on process supply chain modelling and optimisation, the scope of
this paper is restricted to supply chain optimisation in complex supply chains. In this

context, the following questions arise:
(1) How can an existing supply chain be redesigned to fulfil lead times?

Order fulfilment in terms of lead times is an important competitive aspect for
manufacturers (Huebner et al., 2016; Reaidy et al., 2015). Lead time in this paper is to
be understood as through-put time from order entry at OEM until dispatch of goods to
final customer. This question will be explored by adapting an existing supply chain
design of a manufacturer. By executing a comprehensive DES, effects on various KPIs
can be investigated. The simulation includes a defined product program and looks in

detail into the behaviour of cost and performance development.
(2) How robust is a redesigned supply chain if market conditions change?

Robustness of supply chains especially in consideration of demand uncertainty is an
important topic in literature (Brandon-Jones et al., 2014; Durach et al., 2015; Tang et al.,
2016). This simulation offers insights into how costs as well as delivery performance
behave when decrease demand shock occurs after redesigning the supply chain of a

manufacturer.

This research offers a simulation model based on the data of a manufacturer out of the
drive and control industry. The study not only provides a contribution to literature by

offering more insights into the machine construction industry, but it also supports
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managers in taking their decisions concerning optimising their inventories as well as

logistics costs.

4.3 Supply Chain Redesign

4.3.1 Supply Chain Design Approach from the Perspective of an OEM

A supply chain described as “extended enterprise” includes all partners like vendors,
manufacturers, producers, distributors and retailers, extending over multiple echelons
(Lee et al., 1999). Usually, each actor manages its own inventory independently, which
is replenished from the upstream supply chain, applying a control policy to decide on
the frequency and volume of the orders. Multi-echelon supply chains that fit real-world
cases can be created by linking the appropriate number of single-echelon inventory

models.

In this paper the manufacturer acts as global OEM for drive and control technology. The
company is headquartered in Germany with 50 production locations in 20 countries and
a sales organisation in 80 countries. For confidentiality reasons, the name of the
company has been disguised. The majority of sales is generated in Europe, followed by
Asia and America. This research concentrates on the supply chain from suppliers of
steel as raw material, the manufacturing process through the OEM, the distribution and
customising process to the sales organisation in the UK as well as the provision of the
goods to the customers located in the UK. The OEM considers the existing supply chain
as complex and thus as inefficient as many internal and external interfaces slow down
the lead time and cause costs for high levels of inventory which have to be held
available in the UK. The target of the simulation model is to support the redesign of the
existing supply chain in that way that interfaces and processes can either be eliminated
or modified so that this leads to cost reductions in inventory as well as to a reduction in

lead times.

Using the DES approach this generic multi-echelon supply chain can be extended by
adding strategic SCM issues. Decisions concerning inventory management which have
to be taken from a complex supply chain system is the central focus of this paper.

Generally, inventory determination is quite simple in a steady-state situation; however,
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in an evolving complex and dynamic environment, as it is explored in this paper, it is
important to consider a dynamic inventory policy. To develop a decision-making
system for inventory planning, a firm needs to carefully balance the trade-off between
customer service satisfaction (order fulfilment) and resource utilisation (optimal
inventory management within the supply chain at lowest costs). Ideally, the supply
chain is aligned in that way that supply chain processes can be managed with a certain
degree of agility so that all supply chain partners benefit in terms of logistics cost and
order fulfilment. As supply chain alignment plays an important role, the simulation in
this paper will explore how costs and inventories change in case parameters change due
to the redesign of the supply chain. The realisation of cost savings through the redesign
of the supply chain provides an optimisation of costs and thus a competitive advantage
for the OEM. The model in this paper is intended to consider the operational processes
in the supply chain as well as the costs which are discussed in further detail in section

4.3.5.

4.3.2 Case Study: Status quo of Supply Chain

Section 4.3.1 presented an overview of the OEM of this case study. Further details
regarding the existing supply chain are provided in this section. The relevant supply
chain comprises one supplier, an OEM out of the hydraulic industry with three
production plants in Germany and a sales organisation in the United Kingdom. Due to
the given cost pressure for the OEM, the supply chain design of two major customers is
reviewed. These customers are very powerful in the market and thus generate high sales
volume for the OEM. Primarily, they purchase hydraulic parts like blocks and cylinder
for their technical applications. For confidentiality reasons, names are disguised
appropriately. The boundaries of the system are production start using raw materials on
the upstream, and sales to the customer on the downstream. Essentially, the OEM
produces all parts in different plants all over the world. In order to fulfil local customer
requirements these parts are shipped to the warehouses of the sales organisations in the
appropriate countries to do further customising and prepare local stock to enable short
delivery times. This research concentrates on the supply chain of two customers who

are headquartered in the United Kingdom and who receive their finished products
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mainly from two plants in Germany. Further customising like painting or individual
drillings and mounting is undertaken in the UK. Based on the order entry behaviour, it
is assumed that all products underlie similar seasonality. In this case study, it can be
observed that order entry increases usually in the second half of a year, when the OEM
usually renegotiates contracts for the following year and customers start placing their
orders. In the actual situation, the two specific customers provide delivery schedules
which contains the information when they want to call-off which products in which
quantities. Local sales engineers provide specific know-how to the customer for further
product specification and product availability. The focus of the research is to analyse
the development of inventory costs as well as of logistics costs of an up- and
downstream supply chain in the machine construction industry. Both inventory and
logistics costs have a negative impact on the financial result of the OEM and thus a
reduction of these costs is to be achieved. On the other hand, delivery times have to be
fulfilled so that a reasonable balance needs to be found. The existing supply chain is
now reflected in a DES model. In another step the existing supply chain will be adapted
so that the development of logistics costs as well as inventory can be further explored.
The supply chain is capacity-constrained in terms of production capacity as well as
transportation routes with long production lead times of 8 to 16 weeks and an
increasingly dynamic market demand. The variability of the lead time depends on
material availability of the supplier as well as on personnel capacity in the plants. Due
to legal labour regulations in Germany, personnel flexibility in terms of additional shifts
is very limited. Dynamic market demands are reflected in that way that despite the
availability of delivery schedules, deviations in quantities do occur, e.g. order
cancellations due to overcapacities with the customer or higher order volumes due to
order backlogs. This puts pressure on time to market, product quality and supply chain
flexibility. The problem in this case is the number of components in the manufacturing
plants as well as the finished goods in the sales organisation and the logistics costs.
While the OEM has its production in Germany, the customer is located in Great Britain
and served through a local sales organisation. Currently, the manufacturer holds a high
service level for the customer through a high degree of product availability in local
warehouses. Additionally, customer satisfaction is achieved by direct communication

between the customer and the sales organisation in the local language and the same time
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zone. On the other hand, due to cost pressure the manufacturer is forced to adapt supply

chain activities, e.g. consolidation of warehouses or direct deliveries instead of SDD.

Modelling the system requires inclusion of the following structural elements and their
connections. In the next step a flow diagram shows the information and material flow
first as per status quo (Fig. 4.1). It is a simplified illustration of the existing supply chain,
but it shows which stages have to be passed. In this case, the manufacturer is classified
as OEM which is headquartered in Germany. Here the products are provided as semi-
finished or finished products before they will be dispatched to the sales organisation in
the United Kingdom, where goods are stored in there in the warehouse again before
they will be transported to the customer who is also located in the UK. Some semi-
finished products receive some customised specifications like colouring or drillings for
individual oil pressure adjustments before dispatch. Suppliers are spread worldwide,

although the main production and assembly is conducted in Germany.

Fig. 4.1: Diagram of information and material flow; status quo of resale process
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The resale process (Fig. 4.1) shows the status quo of the supply chain of the
manufacturer. The customer will be served and delivered to via the sales organisation.
In this model the country unit is responsible for sales and costs which arise locally.
Contact person for the customer in terms of order processing or engineering remains in
the sales organisation. In the status quo the existing IT infrastructure can be used for
processing like the transmission of delivery schedules or tracking data regarding the
production status. The target of the supply chain redesign is to reduce SCC by
eliminating the process in the sales organisation including its warehouse. At the same

time and under the given market pressure in terms of price and delivery time, the lead
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time from order income until goods dispatch shall be reduced after redesigning the
supply chain. For providing the supply chain redesign, real data from controlling reports
for inventories as well as for logistics costs for the sales organisation in the United
Kingdom were explored for the period of January 2013 until September 2014. This data
is shown in Fig. 4.2. The illustration shows a constant increase of both logistics costs
and inventories over a period of nearly two years, although the target is to decrease
logistics costs and inventories. In order to achieve this target, the approach is to align
the existing supply chain, i.e. that all supply chain parties involved are confronted by

changes of processes.

Fig. 4.2: Development of inventories and logistics
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Fig. 4.2. shows the development of inventories and logistics costs in the sales
organisation in the United Kingdom and thus represents a second warehouse stage for
the OEM. Inventories include the value of semi-finished and finished goods. In order to
fulfil delivery time requirements, inventory and thus logistics costs show a steady
increase since April 2014. The manufacturer includes the following components in his

logistics costs (all data is adjusted by currency effects):
e Inventory costs incl. capital costs
e Freight costs

e Packaging costs
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e Personnel costs with relation to logistics
e Other costs (e.g. customs, scrapping, IT costs, other cost allocations)

Fig. 4.3 shows the distribution of logistics cost per type in percent. Main drivers of the
logistics costs are inventories (ca. 40-50%) and personnel costs (ca. 30-35%) followed
by freight costs (ca. 5-12%), packaging costs (5-7%) and others like capital charges and

economic depreciation of 3 to 7 percent.

Fig. 4.3: Distribution of logistics costs per type in %
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4.3.3 Future Simulation Concept

In a non-aligned supply chain, each actor decides on its inventory level based on
relevant factors like number of suppliers, product variety, lead times, worldwide
locations and demand. Customer requirements which lead to an increase of product
variety request an increase of suppliers which have to be managed. For example, with
the increasing activities of digitalisation in factories, parts may have to be mounted with
additional electronic chips to enable the communication between products or machines.
This product feature eases — for example — activities for remote maintenance. This
means in case of technical problems, the machine can be maintained per remote so that
the customer does not have to wait until a service engineer appears at his premise. This
is quite new in industry and had not be considered so far. Further, differences or delays
in lead times lead also to an increase of inventories, as products need to be buffered in
stock before they can be worked on and shipped to the manufacturer or next actor of the
supply chain. One of the most challenging variables for inventory planning are changes
in demand. On the one hand, to achieve high order fulfilment and thus high customer
satisfaction, the product availability shall be ensured. On the other hand, a reliable
demand forecast supports this planning, although in many cases either the quality of the
forecast is not sufficient or the customer is unwilling to prepare a forecast. Finally, due
to an increasing level of global presence, inventory is not bundled at a central point and
leads thus to an accumulation of inventories for the individual supply chain actor in
total. The underlying assumption in a non-aligned supply chain is that each actor does
not affect the behaviour of the others, i.e. each supply chain partner acts in a defined

system where overlapping potentials cannot be realised due to missing information.

However, in an enhanced supply chain model all supply chain partners could potentially
be included in the system boundaries to capture information and material flow effects
for an optimised inventory management. In order to depict the desired optimisation the
model is extended with the target to achieve an aligned supply chain. This means that
through an increased transparency of information on demand forecasts throughout the
supply chain system, decisions concerning material flow in the form of inventories can
be taken accordingly. In case of higher demand, supplier can be informed about
additional material accordingly. In addition, production may install additional shifts to

satisfy order entries.
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Providing the supply chain simulation, the new supply chain design is documented by a
material and information flow diagram (Fig. 4.4). It shows the direct delivery process as
schematic model which involves fewer entities compared to the existing structure so
that it can be assumed that SCC can also be reduced. In the simulated direct delivery
process, the OEM is directly sourcing from the various production plants of the Tier 1,

whereas the sales organisation of the Tier 1 is no longer involved in serving the OEM.

Fig. 4.4: Flow diagram of information and material flow; simulated direct delivery
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The simulated direct delivery process (Fig. 4.4) is based on the assumption that the
customer places its orders directly at the manufacturing plant and also receives the
goods directly from the plant without further involvement of the sales organisation. The
consequence is that also sales will be generated at the plant and no longer at the sales
organisation, but also the costs involved are under responsibility of the plant. The OEM
has three different plants with appropriate warehouses in Germany, which will remain
unchanged due to their historical background. Regarding IT infrastructure which is
considered as important cost factor, the existing EDI connection from the customer
needs to be connected directly to the relevant plants so the transmission of delivery

schedules can be ensured appropriately.

The target is to install a forecast system in both the downstream and upstream direction
so that each supply chain actor can manage inventories according to the supply and
demand situation. This information is beneficial for all actors in terms of order
fulfilment, as well as logistics costs. With the information on product availability, each

actor is able to procure products accordingly, i.e. the procurement process can be
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adapted to the availability of products. Additionally, through this behaviour logistics
costs can be reduced as inventory costs and hence capital costs can be saved. The risk to

build obsolete stock is also limited.

4.3.4 Simulation with ExtendSim®

ExtendSim® (originally named Extend) applies a message-based architecture for DES.
Different information types are used to schedule events, propel items (entities) through
a model, enforce the logic of the model, and enhance computation. The senders and
receivers of messages are so-called blocks (operations), including the executive block
(master controller for DES). In ExtendSim®, it is block execution that is scheduled
(when a block executes, for example, this can trigger the sending of messages back and
forth among blocks, with the effect of mobbing an item along its block-based path in a
model) (Schriber et al., 2014).

The target of the simulation is to minimise the inventory level in the supply chain over a
period. In detail, the target is to eliminate the sales organisation and its warehouse in the
United Kingdom and provide the customers’ goods in a warehouse in Germany so that
either the customer picks up his goods from the plants in Germany or gets the products
delivered to his premises in the UK. At the same time, the development of logistics
costs is analysed. The assumption is to fulfil the planned lead time according to the
various product groups. This fulfilment represents a reduction in lead time in
comparison to the situation before the product groups were defined and the lead time
was longer. The simulation shows how costs develop when the supply chain process is

being changed to direct delivery and how this changes the development of inventory.

The question is: If SCC is reduced by eliminating some entities in the supply chain,
does this automatically reduce inventory and/or logistics costs? For solving the
considered problem, a simulation model is used that is realised in simulation package
ExtendSim9 LT version, which is a very powerful and flexible simulation tool for
analysing, designing, and operating complex systems in the market. It enables the
researcher to test the hypotheses without having to carry them out. ExtendSim has often

be classified of being able for modelling large complex systems (Krahl, 2007). By using
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the different items from ExtendSim9 LT version, the supply chain has been drafted
according to the existing and simulated process. The main screen of the generated
simulation model for the supply chain is shown in Fig. 4.5. The simulation is executed
on a Hewlett-Packard EliteBook (processor: Intel® Core™ i5-4300U CPU @ 1.90
GHz).
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Fig. 4.5: Main screen of the simulation model

i * —a

R =
sg P -

§

w
sk
2z

o

3
i

Notebook

-
)

- 115 -



The model in Fig. 4.5 represents the relevant process steps started by order creation and

then followed by order processing, production, warehousing and outgoing goods.

Each zone has a numeric label to add further explanations. Zone 1 shows an executive
block which controls all discrete events in ExtendSim. Zone 2 represents the
arrangement of various plotters to reflect modelling results. Additionally, a so-called
Notebook in zone 3 enables an easy documentation of all simulation results. The results

of the simulation are discussed in a separate section.

Zone 4: It is assumed that the customers are located in the UK. They are active in
different industries and place order for three different products. Due to market volatility
the orders are created randomly according to normal distribution, i.e. the frequency of
order placement as well as the volume and type of product are not deterministic. The
current supply chain assumes that the OEM places its orders at the local sales
organisation. The simulated supply chain assumes that the OEM places its orders
directly in the manufacturing plants via electronic data interchange (EDI). The costs for

the IT infrastructure are considered in the model accordingly.

Zone 5: The existing order processing is undertaken by the local sales organisation in
the country where the OEM is located. This means that the order is received
electronically and the employee checks on order information like quantities, part
numbers, requested delivery dates, but also takes action e.g. with engineering
department if the ordered product is not out of the product portfolio and needs some
customising work. The time for processing the order depends on the product which is
ordered. As products 1 and 2 are considered as standard parts, the order can be
processed very fast within one day. Product 3 on the other hand usually needs to be
coordinated by a sales engineer due to special customer requirements and needs thus an
order processing time between one to three weeks. After checking the customer order,
another production order is created and forwarded to the appropriate manufacturing
plant. The allocation of the manufacturing plant depends on the product ordered from

the customer.

In the simulation it is assumed that the OEM does not order with the local sales
organisation, but directly in the manufacturing plants. In order to process the order

electronically further on, an investment is necessary for the installation of an EDI
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connection from the OEM directly to the manufacturing plant. To have this investment
only one time in case of several manufacturing plants, it is assumed that one plant takes
over the lead for order processing and sorts and/or forwards the production order

according to the part number ordered.

Zone 6: Both the existing and the simulated production process foresees that each
manufacturing plant produces one only product type. A queue is implemented for the

time until the production order will be executed.

Zone 7: In the warehousing zone, different queues for the storage of the products are

implemented.

For the current supply chain, it means that the local warehouse of the sales organisation
provides separate storage areas for the different products. In the simulation, the products
are stored in the warehouses of the different manufacturing plants. This means that the
warehouse of the sales organisation becomes redundant, on the other hand, sufficient

capacity needs to be provided in the manufacturing plants.

Zone 8: Dispatch of the products is based on the confirmed delivery date to the
customer. Therefore, an activity block for dispatch as well as a queue is considered in
the process of outgoing goods. The current dispatch process comprises an individual
process for each product in the sales organisation. With the change to direct delivery,
the dispatch process is transferred to the manufacturing plant and thus no longer

relevant in the sales organisation.

All influencing parameters and results are realised as input and output connectors.
Relevant parameters of the blocks are stochastic order entry and replenishment lead
time, order quantity as well as costs for inventory. If control parameters change due to
an adaptation of the supply chain — for example — costs and/or lead times need to be
changed accordingly for the simulation. By implementing plotters for relevant blocks,
ExtendSim creates graphical outputs for the development of critical factors like costs

for inventory.

All relevant results of the existing supply chain are summarised via the Notebook (zone

3) and discussed. The Notebook window is designed for the end users’ facilitation and
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can be drawn from any place of the model by using the cloning function and placing the

ExtendSim block into the Notebook.

4.3.5 Relevant Costs for the Simulation

Based on the cost analysis in the sales organisation, the potential savings depending on
the delivery option are derived and at the same time the investment in the relevant
manufacturing plants are quantified. This means that based on the commercial

evaluation a switch to direct delivery may be recommended.
Major changes were explored for the following types of costs:

1.) Order processing costs: The costs for order processing not only include costs for
sales employees, but also costs for IT infrastructure like e.g. EDI connection.
The EDI connection enables an accelerated data transmission of order
information from the customer to the manufacturer. Additionally, costs are
included for engineering staff, in case the customer requests a special product
solution which is not part of the standard product portfolio. For simplicity
reasons, administration costs for payables and receivables are also considered as
part of order processing costs. The differentiation between fixed and variable
costs is made as follows:

Fixed costs: All costs which remain constant independent of the production or
sales output, e.g. salaries for sales engineers, offices and technical equipment.
Variable costs vary in dependence of production or sales output. In case if sales
increases, additional travel expenses or other costs for office material will be
generated.

2.) Production costs: These costs include costs for material, machines and staff.
Costs may vary as e.g. heavy parts require additional cranes for carrying or
transporting and lead to an increase in costs. Again, a distinction between
variable and fixed cost is being made. Fixed costs include costs for the
production facility as well as salaries for production engineers. Variable costs

consider costs for material, energy as well as wages for workers.
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3.) Warehousing costs: This position include all costs for inventory related to
storing and maintaining.

4.) Dispatch costs: This position includes personnel costs for fulfilling the dispatch
process, i.e. creation of shipment documents, transmitting electronic data to the
forwarding agency, commissioning. Material expenditures may occur for
barcode scanners which are used for inventory control.

For the cost calculation, all entities which are involved in the various options are
considered, i.e. the actual cost in the sales organisation are analysed. The costs comprise
all expenses which are related to the OEMs activities, e.g. all personnel costs,
warehousing costs, freight costs and capital charges. A detailed overview of relevant
costs is shown in Table 4.1, whereas the focus of the optimisation in the model is on
variable costs. The order in Table 4.1 gives an indication about the magnitude of the
costs, i.e. the top of the list means that the type of the cost is more valuable than the

costs further down.

The research sheds light on all relevant factors which are important for the managerial
decision. A simulated calculation was conducted and it clearly shows that savings for
personnel costs and inventory can be achieved. Savings on the physical warehouse

which is no longer in use for the sales organisation depend on the future use of it.

Even if the process of direct delivery as described in this case leads to an increase in
information as such, which needs to be evaluated and managed by qualified people, the
value out of this data enables possibility to implement a controlled material flow which
results in benefits like reduced inventories, decreasing logistics costs and at the same

time a stable or even improved customer satisfaction.
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Table 4.1: Overview of relevant types of costs

Type of cost

Description

Inventory

costs for inventory related to storing and maintaining

Personnel cost

customer related personnel costs, e.g. sales, warehousing,
engineering, claim mgt, controlling and finance

Capital charges

value which is tied up in assets

cost of receivables/payables

costs for managing receivables/payables

Stock obsolescence

write-offs of inventory

Structural cost

costs from other cost allocations

IT infrastructure

cost for additional IT architecture in order to automize the
information flow

cost for conversions/
internal repairs

cost for special product requirements or repairs

Scrap

cost for obsolete stock which is not saleable

Packaging costs

cost for special packaging, e.g. wooden boxes

Freight charges

freight costs, e.g. for internal freights

Price risk

price risk: does customer accept changes in price due to
changes in supply chain process? (+/- x% of sales price)

Table 4.2 outlines the overview of variables as well as mathematical equations which

are used for the model.Table 4.2: Overview of variables and mathematical equations

Variables Description Formula
M., Cost magn. cost c in iteration t Mo =M1 R P e S
Cost magn. cost i in iteration t, influencing
Mi;t risk 1 -
Ry random evolution of cost ¢ R.+=R..+.1*Norm.Inv(SND,0,SDV)
Production replenishment of cost ¢ P..= {0 for z € [0;250]uU [271;500] TP, for # € [251;271]}
L Accumulation by all costs i on cost ¢ [ =X(AEQU*INT.;/DIV)
St Stabilization of cost ¢ S..=(M.. EQUYRES
RND, Random number in iteration t RND,=Random([0:1]
Delta between cost magnitude ¢ and initial
AEQUc;t eqﬁhbm AEQUc;t=Mc;K'EQUc
Delta between cost magnitude i and initial
AEQU, equibrium AEQU,=M,,-EQU,
EQU. Initial equilibrium of M, EQU~=M...-
EQU; Initial equilibrium of M; EQU=M,.
SDV Standard deviation of random evolution SERERE
Strength of accumulation between cost i
INT,; and ¢ INT,; € {0;1;2;3}
DIV Divisor accumulation strength DIV >0; R+
RES Divisor stabilization strength RES e R+
TP, Trigger of replenishment TP [0,10]
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4.3.6 Relevant System Parameters

This section gives an overview of all relevant parameters of the status quo and how they

will change in the simulation. They are processed in the simulation appropriately.

Product Mix can essentially be categorised in three product clusters, which are called
“Go To”, “Standard” and “Others”. The distinctive feature is the delivery time. Based
on the requested delivery time from the market, the product is grouped in one of the
three categories. This means in this case study that “Go To”-products can be delivered
in 5-7 days, “Standard”-products in 10-12 days and “Others” are delivered on request.
While “Go To” products are rather series products with limited technical features,
“Standard” products offer more functionalities which may require additional production
steps. However, they are still not customised products. A product is assigned to a
particular group based on the delivery time which is requested from the market. If a
customer wishes additional specifications, the product belongs to “Others” and the
delivery time has to be checked individually. For simulation purpose, all three product
clusters are represented as “Product 1” (Go To), “Product 2” (Standard) and “Product 3”
(Others). Based on the attractive delivery time for Product 1, it is assumed that the
demand will increase rapidly. A similar behaviour can be expected for Product 2, as the
customer may now rely on guaranteed lead times for a product with more technical
features compared to Product 1. The product mix concentrates on three different
products. A prerequisite for the short delivery time is that only a limited quantity of five
pieces can be ordered and that consolidated deliveries — i.e. combination with other

goods — are not possible.
Delivery time is measured from the time of order placement until time of dispatch.

Demand Behaviour in status quo as well as in the simulation ranges over 5 years and is
random following a normal distribution. The mean is constant over time the standard
deviation for product 1 is 20, product 2 is 30 and product 3 40. The normal distribution
stretches over 5 years. Coefficient variation is defined as follows: product 1 20/120,

product 2 30/100 1.0 and product 3 at 40/80.
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Order Creation. Today, there are no restrictions when an order for a special product
can be placed; therefore, the time of order creation for product 1, 2 and 3 is chosen

randomly with normal distribution.

Order Processing is based on the First-In-First-Out method for status quo as well as for
the simulation. However, it can be observed that the costs for order processing will
perceive a cost increase in the simulation. This means that for product 1 and 2 the costs
remain constant, while for product 3 costs will increase. The cost increase is justified by
additional order processing capacity as well as for additional engineers which provide
essential support for the customised products, especially for product 3. This is the
reason why product costs for order processing increase from 6.7 in status quo by 10% in

the simulation.

Production. Each product is allocated to a special production location. The production
order corresponds to the order of incoming sales orders. Production costs in the status
quo scenario are as follows: product 1 50, product 2 60 and product 3 78. With the
future supply chain design, it is expected that production costs for product 1 decrease
down to 45, for product 2 down to 52 due to economies of scale, e.g. consolidation of
inventories and cost reduction in production. On the contrary, production costs for
product 3 are expected to increase up to 85, as additional costs for personnel capacity is

necessary to fulfil special customised products.

Warehousing and Outgoing goods. The queue method for this process is FIFO. Today,
the product cost in the status quo is at 2.5% of the product value where costs for
handling and storage are included. As the simulation foresees that the warehouse in
Great Britain will be closed the existing costs remain unchanged due to available

capacity in existing facilities at the manufacturer.

Costs. The technical simulation model offers the possibility to consolidate all process

costs from order processing via production until inventory and dispatch.

Inventory Policy is R, Q. R, Q is a fixed replenishment quantity inventory policy.
When the inventory level on-hand falls below a certain replenishment point, R, the site
will generate a replenishment order for a certain quantity, Q, of this product. Q is

determined via the daily consumption and the corresponding delivery time. When using
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this policy, the Reorder Point field is set as the trigger level. The Reorder/Order up to

Quantity field will be the exact number of units reordered.

The simulation works as follows: Each of three products contains individual attributes
regarding costs, delivery time and demand. Data in terms of costs and inventories were
provided by the controlling department and data regarding delivery times and product
mix were provided by the logistics department. All data is anonymised due to
confidentiality reasons. In the first step, a simulation is started to see the development of
costs and performance based on the existing supply chain. According to managers’
statements, these KPIs are important for the company’s profitability as well as for its
competitiveness. It considers the supply chain processes from order creation via order
processing, production, warehousing and outgoing goods. The simulation provides
insights into costs of warehousing, utilisation of production, but also total cost
development. In a second step, the simulation is adapted according to the new supply
chain design shown in Fig. 4.3. This means that applying direct delivery the attributes
for costs and production utilisation will vary as described before. Both simulations have
in common that the demand behaviour of customers remain identical and both
simulations cover a time period of five years. As supply chain designs have to withstand
to market dynamics like growing or shrinking markets, an appropriate simulation is

included later in this paper.

Apart from these parameters, there are some other important parameters which cannot

be quantified, but have to be considered for this strategic decision:

Market and customer requirements. As the OEM follows the claim to fulfil all
customer requirements, many standardised products cannot be delivered in their original
technical state, but rather they need further conversions before delivery. For example,
software settings or drillings in a hydraulic power unit have to be adjusted to customer
specifications. Such conversions are requested in about 80% of order lines. As these
conversions are also manifold, a new definition of “standardized product” is very
difficult. Orders are placed via a rolling electronic delivery schedule, i.e. a forecast
based on product and quantity is given for the next 18 months. The closer the call-off
horizon, the more binding are quantities and product types. It is very important for the
planning of inventories to receive a regularly-updated schedule from the customer to

avoid unnecessary inventory costs or disruptions in case of delivery bottlenecks. In
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order to grant a high product availability, the customer tends to order more quantities,
but calls off less so that the stock at the manufacturer is increasing. The CAGR based on
sales volume increase of the past 5 years is assumed to be 20% for each product group

for the next 5 years.

Internal organisation. Despite the transmission of electronic delivery schedules,
employees from the manufacturer need to countercheck the delivery schedule. They
conduct comparisons with previous order behaviour to avoid errors. As short-term
adjustments of orders are received by email and not within the delivery schedule in the
ERP system, employees need to observe this process manually to make sure that
products are procured correctly. As each OEM has between 10 and 20 different
customer numbers for the individual industry sectors, this process is very difficult and
time-consuming. Additionally, technical engineers are dedicated for the customers in
this research to coordinate the requested technical conversions. For the case of direct
delivery, it has to be ensured, that the engineers are firm in English and understand the

requirements also from a language perspective.

IT infrastructure. Compatibility of the IT systems is a very important premise for an
automated ordering process. For the target process of direct delivery, the existing
interfaces from the OEM to the sales organisation need to be transferred to the German
plants. As sales organisations and plants are on different IT platforms due to their
requests of core processes, this investment needs to be considered in the overall
calculation for the decision. In order to ensure fast order processes and generate cost
savings, automated processes in an ERP system and EDI connection are conditions for

the switch to direct deliveries.

Freight costs. In this case, the agreed incoterm between manufacturer and customer is
FCA (free carrier). This means that the customer nominates a carrier and informs the
manufacturer about the carrier’s name. Usually, the carrier picks up the delivery at the
manufacturer’s premises or at a different place which is specified. In case of changing
the delivery process to direct delivery, it can be assumed that no further risk in terms of
cost increase will occur for the manufacturer. However, if increased transportation costs
will be generated through longer distances for the customer, it has to be considered that
the customer may ask for any premium in the form of price reductions. This risk has to

be taken into account for the decision of changing the delivery process.
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Personnel costs. The investigation unfolds that overall eight employees are involved in
customer service activities in the sales organisation, i.e. order processing and customer
relationship, sourcing and warehousing. The potential for cost reduction foresees that 1-
2 employees further support local customer relationship and all other activities for
purchasing, material management and dispatch are covered by existing capacities in the
German plants. This means that personnel costs in the plants remain on a constant level,

but personnel costs in the sales organisation decrease.

Warehousing. During the research project the two customers under study needed
warehouse space for their products of approximately 2000 m? at the premises of the
sales organisation. In case of direct delivery to the customers this area would be at any
disposal. As the target is not to increase inventory in the sales organisation, the
warehouse could not be used at its original purpose and causes at least remaining costs
for depreciation or maintenance. As the plants could provide the space capacity which is
needed in case of direct delivery, no further costs will occur for the German plants for

additional space.

General risks. As the customers request and receive a very high customer service level
in this case and are also very important for the growth of the manufacturer, this high
service level needs to be guaranteed also in future. A change to direct delivery can only
be conducted if the service from the German plants is ensured for the future and tested
in advance. However, the unpredictable factor is the price. Provided that the service can
be ensured, the customer will probably agree to direct delivery. As this change will lead
to cost savings for the manufacturers, the customer will also demand to participate from

the cost savings through price reductions.

These options are the basis for further cost calculations and finally the basis for the
managerial decision. Regarding the cost calculation, all three options are quantified to
identify potentials for cost savings and implement a cost-efficient process. However,
despite the pressure on the cost side, the managerial decision depends also on strategic
aspects like sales growth with the customer or other risks e.g. assurance of delivery

performance or price risks due to changes in the process.
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4.4 Scenario Analysis

4.4.1 Comparison Status Quo vs. Simulation

Postma et al. (2005) argue that scenario analysis is able to support the management of
strategic decisions, especially in terms of dealing with uncertainties that confront the
future of business organisations. Both practitioners and academics claim scenario
analysis as effective methodology for problems in different surroundings. In this section,
scenario analysis is applied to explore the robustness of the aligned supply chain as well
as in case of growing and shrinking market demand. The scenario analysis is typically
organised in an input and output framework (Swart et al., 2004). The purpose of the
scenario analysis is to propose supply chain alignment with different impact on costs

and inventories.

Inventory. Based on the order entry behaviour and the product characteristics, Table
4.3 shows the evaluation per product for inventory costs per status quo and after the
simulation which considers the redesign of the supply chain. The table gives an
overview of key data after five years. In order to satisty short lead times for product 1,
stock is prepared in high quantities which causes highest inventory costs in comparison
to product 2 or 3. As product 3 is a customised product and typically “made-to-order”,

inventory costs develop at a low level.

Table 4.3: Average inventory per product (in TEUR)

Year 1 Status quo Year 2 Status quo Year 3 Status quo
VS. VS. VS.
Status |Simu- | Simulation in|Status [Simu- | Simulation in|Status |Simu- [ Simulation in
quo lation % quo lation % quo lation %
Product 1 600| 556 -7,3] 718| 650 95| 830 720 -13,3
Product 2 680| 620 -8,8| 761 714 -6,2| 864| 802 -7,2
Product 3| 1.500| 1.356 -9.6| 1.567| 1.421 -9,3| 1.654| 1.432 -13,4
Total 2.780 2.532 -8,9( 3.046 2.785 -8,6( 3.348 2.954 -11,8
Year 4 Status quo Year 5 Status quo
VS. VS.
Status |Simu- | Simulation in|Status [Simu- | Simulation in
quo lation % quo lation %
Product 1 950| 802 -15,6] 1.171 843 -28,0
Product 2| 1.063| 921 -13,4( 1.213| 1.087 -10,4
Product 3| 1.732| 1.503 -13,2| 1.844| 1.699 -7,9
Total 3.745 3.226 -13,9| 4.228 3.629 -14,2
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Although an absolute inventory increase can be observed from year to year due to
consolidation of warehouses which arise from the redesign of the supply chain, a
relative inventory decrease can be presented in comparison to the supply chain as per
status quo. With the change to direct delivery, average inventory costs over all three
products can be reduced by ca. 9% after the first years. After five years, inventory costs
can be reduced by approximately 14%. The largest contribution results from the fast-
moving product 1. As product 1 is characterised by short delivery dates of few days
which is buffered through lots of inventory in many warehouses, savings of 28% can be
achieved through central warehousing. Customers can now directly be served out of the
manufacturer’s warehouse. In comparison to product 1 and 2, product 3 is categorised
as customised product and thus generates higher absolute inventory costs for the
following reasons: (1) high product value, (2) product complexity (many different parts)
and consequently (3) longer storage in the warehouse until final assembly. Even product
3 will no longer be assembled in the location of the sales organisation, but rather
directly at the manufacturer’s premises in Germany. This simulation gives clear
evidence that the redesign of the supply chain to direct delivery will reduce inventory

costs.

Logistics costs. After having analysed the development of inventories after the supply
chain’s redesign, this research explores also the development of logistics costs. Table
4.4 depicts the development again as per status quo and simulation for five years. The
definition of logistics costs has already been discussed and its quantification in this case
study is nw shown. Each process of the supply chain model contains a defined cost rate
which has been analysed in advance. Data has been provided from controlling managers,
i.e. that the specific costs from the plants in Germany as well as the UK were collected
from monthly reports for further evaluation. This evaluation reflects the cost situation
per resale in the existing supply chain and is the basis for the comparison of the cost
development per direct delivery. For simplicity reasons, logistics costs in Table 4.4

show costs for all three products in one total.
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Table 4.4: Average logistics costs (in TEUR)

Year 1 Status quo Year 2 Status quo Year 3 Status quo
Vs. VS. VS.

Status [Simu- | Simulation in|Status [Simu- | Simulation in|Status |Simu- | Simulation in

quo lation % quo lation % quo lation %
Product 1 600| 556 -7,3] 718 650 95| 830 720 -13,3
Product 2 680| 620 -8,8] 761 714 -6,2| 864| 802 -7,2
Product 3| 1.500( 1.356 -9.6( 1.567| 1.421 -9, 3| 1.654| 1.432 -13,4
Total 2.780 2.532 -8,9( 3.046 2.785 -8,6( 3.348 2.954 -11,8
Sum of log
cost w/o
inventory 410( 382 -6,8] 423| 393 -7.1 435 404 -7.1
Logistics
costs 3.190 2.914 -8,7| 3.469 3.178 -8,4| 3.783 3.358 -11,2

Year 4 Status quo Year 5 Status quo
Vs. VS.

Status |Simu- | Simulation in|Status [Simu- | Simulation in

quo lation % quo lation %
Product 1 950| 802 -15,6] 1.171 843 -28,0
Product 2| 1.063| 921 -13,4] 1.213| 1.087 -10,4
Product 3| 1.732| 1.503 -13,2| 1.844| 1.699 -7,9
Total 3.745 3.226 -13,9| 4.228 3.629 -14,2
Sum of log
cost w/o
inventory 448 417 -6,9] 461 429 -7,0
Logistics
costs 4193 3643 -13,1] 4689 4058 -13,5

In general Table 4.4 gives evidence that the OEM may expect savings in logistics costs
after redesigning the supply chain. In the fifth year, logistics costs can be reduced by ca.
14%. Although part of the reduction results from the inventory effect which has been
discussed before, another cost reduction can be seen in other cost types of logistics costs.
Cost reductions can be achieved by shifting personnel in engineering, sales and
warehousing. Synergies can be realised at the OEM’s plants in Germany, where parts of
product 1, 2 and 3 are produced anyway. While product 1 and 2 are series and standard
products, no remarkable cost increases are considered due to the supply chain redesign.
This looks different for product 3 which requires intense customer consulting. Here
additional overhead costs have to be taken into consideration for the direct delivery
process. It can be summarised that the reduction in costs leads to a reduction of
complexity, because material and information flows can be consolidated directly at the
OEM plants in Germany. Of course, all costs need to be analysed in detail via the

simulation model to come to a conclusion of adapting the supply chain. The model
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which is developed in this research offers managerial support for making supply chain

decisions and contributes to academic discussions for supply chain designs.

4.4.2 Model Verification

Model calibration. The model is calibrated as provided in literature (Guertler et al.,
2015). It is started with the formulation of the system characteristics which have to be
considered in the simulation model. Before the model is tested against the
characteristics, all constants or parameters are calibrated which have not yet been
adjusted. This refers to “Standard Deviation of random evolution” SDV, “Divisor
accumulation strength” DIV, and “Divisor stabilization strength” RES. The calibration
can be formulated ensuring that potential errors are not hidden by too many calibration
handles (Oliva, 2004). In order to achieve model confidence and obtain all required

characteristics, an iterative calibration approach is chosen as shown in Table 4.5.

Table 4.5: Calibration scheme of the DES model:

Vari-
Step  ables Description Effect

Increasing the standard deviation SDV adds a random evolution of risk

#1 SDV  Balance with RES magnitude to the system characteristics as required by characteristic (5).
Reducing the divisor stabilization strength RES compensates for an increased
SDV to maintain the system's ability of self-stabilization as required by

#2 RES  Balance with SDV characteristic (4).

#3  Proceed to step #4, if RES and SDV are balanced: if not go back to step #1

Reducing DIV ensures that interrelationships are in comparison to the increased
random evolution still adequately considered as required by characteristic (2).
Reduce to a level where characteristic The increase must be small enough to not lose the system's stability as required

#4 DIV  (2)is achieved and (3) not yet lost by characteristic (3).
#5  Check system behavior and go back to step #1

In calibration step #1, the standard deviation SDV is increased to add random evolution
of risk magnitude to the system as required by characteristic (5). Next, in step #2 the
divisor of the stabilisation strength RES is reduced to compensate for an increased SDV
and maintain the system’s ability of self-stabilisation as required by characteristic (4).
The adjustment of both system variables SDV and RES has to be balanced, which is
checked in step #3. In step #4, DIV is reduced which increases the effect of
interrelationships within the system. This is performed down to a level, at which
interrelationships are — in comparison to the increased random evolution SDV -

adequately considered as required by characteristic (2). However, the increase must be
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sufficiently small to avoid jeopardising the system’s stability as required by
characteristic (3). Step #5 finally reviews whether the system’s behaviour is in line with
all required characteristics to decide whether to restart or end the optimisation process.

Finally, the desired system behaviour is obtained under the following constant values:
SDV: 0.1, DIV: 100, Res: 6.5 iterations.

Model validation. Literature (Gass 1983, Sargent, 2013) argues that simulation models
are used for a variety of purposes such as in the design of systems, in the development
of system understandings. The users of these models, the decision-makers use
information received from the results of these models, and the individuals affected by
decisions based on these models are well concerned with whether a model and its
results are “correct” for its use. This concern is addressed through model verification
and validation. Model verification is defined as “ensuring that the computer program of
the computerized model and its implementation are correct”. Model validation is
defined as the “substantiation that a model within its domain of applicability possesses a
satisfactory range of accuracy consistent with the intended application of the model”
(Gass, 1983). Sargent (2013) offers different validation techniques like comparison to
other models, extreme condition test, internal validity data relationship correctness or
multistage validation. In general, a combination of techniques can be used. These
techniques are applied for the verification and validation of the model. In this research
the model is verified and validated by a sensitivity analysis which represents values of a

growing and shrinking market.

Growing Market. Grand View Research (2015) argues in its construction equipment
market forecasts to 2020 that rapid urbanisation and infrastructural growth have
increased the construction equipment industry over the past years so that the segment of
earth-moving machinery and construction equipment is predicted to grow at an CAGR
of 5.7% by 2020. Based on the assumption of increasing market demand, the simulation
is run to explore the effects for cost development. By transferring the assumption of a
growing market through increasing demand, the model simulates the total cost
development through an increase of order entries. The assumption further includes that
all other costs for processes in the supply chain remain stable. Table 4.6 shows the
result of logistics cost development in case of increased demand. Compared to the

logistics costs in Table 4.4 it can be said that the order of products in terms of costs does
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change, i.e. that customised products cause the lowest costs, followed by the “Go To”
product and then the “Standard” product. However, accumulating the costs of all three
products and comparing them to the existing supply chain, it can be argued that aligning
the supply chain offers the potential for cost savings. The analysis of the simulation

shows that this approach would be successful.

Based on data from the controlling manager of the OEM, it is assumed that in case of
growing sales by 20%, inventory will increase by 8%. The increase is taken from years
when actually a sales increase of 20% could be reported. The other important cost type
of logistics costs derives from personnel costs and are considered as fixed costs.

Therefore, the remaining logistics are presumed to remain unchanged.

Table 4.6: Development of logistics costs in case of growing market

Year 1 Status quo Year 2 Status quo Year 3 Status quo
) VS. ) VS. ) VS.

Status [Simu- |Simulation in|Status |Simu- | Simulation in|Status |Simu- | Simulation in

quo lation % quo lation % quo lation %
Product 1 600 600 0,1 718| 702 =22 830 778 -6,3
Product 2 680 670 -1,5 761 771 1,3| 864 866 0,3
Product 3| 1.500( 1.464 -2,4| 1.567| 1.535 -2, 1 1.654| 1.547 -6,5
Total 2.780 2.735 -1,6| 3.046 3.008 -1,3] 3.348 3.190 -4,7
cost w/o 410 382 -6,8] 423] 393 71| 435] 404 -7,1
Logistics
costs 3.190 3.117 -2,3| 3.469 3.401 -2,0| 3.783 3.594 -5,0

Year 4 Status quo Year 5 Status quo
VS. VS.

Status |Simu- | Simulation in|Status [Simu- | Simulation in

quo lation % quo lation %
Product 1 950| 866 -8,81 1.171| 910 -22,3
Product 2| 1.063| 995 -6,4| 1.213| 1.174 -3,2
Product 3| 1.732| 1.623 -6,3| 1.844| 1.835 -0,5
Total 3.745 3.484 -7,0] 4.566 3.919 -14,2
cost wio 448 417 6,9 461] 429 -7,0
Logistics
costs 4193 3901 -7,0] 5028 4348 -13,5

Compared to the supply chain of the status quo, the simulation shows costs savings for
each year in case of growing market. Cost savings in year 1 and 2 are lower, because the
realisation of savings in fixed costs can be realised only after year 3. This scenario

represents validity of the redesign of the supply chain.
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Shrinking Market. In the past, nearly all OECD countries have suffered a decline in
GDP, trade flows as well as an increase in unemployment due to the global economic
crisis in 2009. Export volumes of the G7 countries fell by 13.6% in 2009 and world
trade volumes were expected to fall even by 16% (OECD, 2009). Such an economic
crisis generated by a severe decrease in demand may have negative implications for
long-term economic growth and represent a risk to global supply chains that enforce
innovation. These supply chains are critical resources of knowledge for companies, as
they provide firms with technical expertise, knowledge of foreign markets, business
contacts and international partners (OECD, 2009). Based on this assumption, the
simulation shows the effects on costs in an aligned supply chain in case of shrinking
market conditions, i.e. the model validates the total cost development with decreasing
order entries; product mix and prices are expected to remain stable. Less costs occur for
product 3, followed by product 1 and product 2. Again, in the case of crisis the adjusted
supply chain with direct deliveries offers more potential in terms of cost savings than
the existing supply chain. The analysis of the simulation in case of shrinking market
conditions does also support the validity of the model. Table 4.7 shows simulates
figures over a period of five years in case of shrinking market. Again, cost savings can

be achieved with the redesign of the supply chain.

Table 4.7: Development of logistics costs in case of shrinking market

Year 1 Status quo Year 2 Status quo Year 3 Status quo

VS. VS. VS.
Status [Simu- |Simulation in|Status [Simu- |Simulation in|Status |Simu- | Simulation in

quo lation % quo lation % quo lation %
Product 1 570| 528 -7,3| 682 618 95 789 684 -13,3
Product 2| 646 589 -8,8| 723| 678 -6,2| 821| 762 T2
Product 3| 1.425| 1.288[ -9.6| 1.489| 1.350[ -9,3| 1.571| 1.360[ -13,4
Total 2.641 2.405 -8,9( 2.894 2.646 -8,6( 3.181 2.806 -11,8
cost w/o 410 382 -6,8] 423] 393 71| 435] 404 -71

Logistics

costs 3.051 2.787 -8,6( 3.317 3.039 -8,4| 3.616 3.210 -11,2

-132-



Year 4 Status quo Year 5 Status quo
VS. VS.
Status |Simu- | Simulation in|Status |Simu- | Simulation in
quo lation % quo lation %
Product 1 903| 762 -15,6] 1.112| 801 -28,0
Product 2| 1.010| 875[ -13,4( 1.152| 1.033 -10,4
Product 3| 1.645| 1.428[ -13,2] 1.752| 1.614 -7,9
Total 3.558 3.065 -13,9] 4.566 3.448 -24,5
cost w/o 448 417 6,9 461] 429 -7.0
Logistics
costs 4006 3482 -13,1] 5028 3877 -22.9

4.5 Findings and Managerial Implication

In the simulation it is analysed how costs change by reducing complexity over the
supply chain. The reduction of complexity is defined by aligning the supply chain

(13

towards the customer, i.e. the existing sales organisation as the “wholesaler” of the
supply chain is eliminated and the customer can now order directly in the manufacturing
plant. This change in the supply chain is a valuable contribution of how a complex
supply chain can be adapted. Even if costs and production utilisation are affected by this
process change, the simulation shows that inventory and logistics costs decrease,
although further investments in overheads for engineering have to be considered. A
remarkable investment are costs for the IT infrastructure to implement an EDI
connection for automatic order processing. Additional trainings for employees are
necessary to handle the specific customer orders. These additional costs are considered
for the adapted supply chain. The results of the simulation provide evidence that in this
case cost savings can be realised and production can also be utilised to a greater extent.
Therefore, this research provides support when adapting supply chains. It gives
managers guidelines for entrepreneurial decisions if an existing supply chain can be
switched to direct delivery or not. In order to validate the model, two further scenarios
are simulated. The first one considers a growing market by assuming an increase in
demand and the second one a shrinking market with appropriate decrease in demand.
Both scenarios cover situations from a business cycle which managers have to cope
with. As these changes in demand are in line with the previous results, the model can be
applied for similar cases. Of course, it is important to consider all relevant cost types

and their development in case of a redesign. While much progress has been made in
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optimising supply chains (Garcia et al., 2015), there is still a great need for efficient
approaches to deal with complex supply chains and adapt and align them. As in every
study also this research has its limits. Although the simulation is conducted for a
complex supply chain, it first concentrates to the data of one manufacturer out of the
machine construction industry only. Further, the focus of the simulation is on selected
KPIs like costs and production utilisation. For future research it is recommended to
explore the model’s behaviour in other industries and look deeper into complexities of
manufacturers. For example, the model could be modified to variations of storage
capacities or changes in demand. With the DES, managers are now able to decide how

effective the redesign of their supply chain can be realised.

4.6 Conclusion

In Chapter 4, a DES model is developed to explore effects for costs, inventory and
production utilisation for a supply chain that is changed from resale to direct delivery
process. Chang et al. (2001) argue that DES enables a prior evaluation of a potential

scenario for the following reasons:

1.) it enables companies to perform powerful what-if analyses leading them to

better planning decisions,

2.) it permits the comparison of various operational alternatives without

interrupting the real system and

3.) it permits time compression so that timely policy decisions can be made.

The model in this research paper simulates an alternative supply chain for an OEM
customer in the machine construction industry. In order to receive reliable results,
comprehensive data on customer order behaviour, costs and processes is necessary to
create the simulation model. The model is applied to a case study to estimate the

logistics costs as well as inventory development throughout the supply chain.

The simulation model introduced in this manuscript could be used as a decision support

tool to evaluate modifications in existing supply chains and design new chains.
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Literature (Lee et al., 2002, Tako et al., 2012, Persson et al., 2009) highlights that DES
is useful for decision support management like supply chain design or inventory
planning and management. By creating a DES model, it can be seen how the system
changes, when costs change due to relocations in the supply chain or changes in order
processing. The outputs of the model could be used in conducting feasibility analysis,
risk analysis, and life cycle analysis on the given supply chain. The model considers
changes in costs which are caused through changes in the supply chain process. Further
the model is validated by simulating the cost development in case of a growing as well

as shrinking market.

The obtained results from the simulation model could be more accurate if improved
functional relationships were used for each operation. For instance, the effects of using
different types and quality of raw material on the performance of the equipment are not
considered in the model since the required data were not available. Therefore, by
developing functions that represent the relationship between the performance of each
piece of equipment and the type of raw material used in the process, it would be
possible to improve the precision of the results. Additionally, the sources of
uncertainties or number of products in the real system are not limited to those
considered in this study. Providing more data on the input parameters could further
increase the reliability of the outputs of the model. This research paper analysed an
aligned supply chain including effects on KPIs. The case is based on a real business
case and prepared a simulation of what happens if the existing supply chain is aligned.

The result shows cost savings for inventory, personnel and handling costs.

However, the case does not investigate the customer behaviour. The savings can only be
realised if the customer agrees and accepts the process changes in terms of direct
delivery. It is unclear how the customer will negotiate the investigated conditions. This
research suggests that it can be useful for companies that face high levels of inventory
to examine processes or supply chain models to reduce inventory. The given paper has
shown the possibility of using the ExtendSim 9 package for the simulation of an aligned
supply chain by adapting the existing resale process to a direct delivery process,
characterised by a random demand for the product and random time of product delivery.
The main advantages of the considered simulation method of inventory control

problems solving are as follows:
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- the clarity of the presentation of results; first, it touches the case of analysis of
total expenses dependence on one control parameter with fixing others;
- the possibility of finding optimal solution of an inventory problem in the case
when realisation of analytical model is rather difficult;
- adescriptive user interface, and ability to control any necessary parameter.
The developed model can be used for analysing the dynamics in inventory as well as for
the dynamics in costs. The result is a valuable contribution for making managerial
decisions and enriches academic research in the field of SCC and/or DES. Future
research is recommended in the area of multi-product inventory systems, but also by
exploring comparable supply chains in other companies to increase understanding and
validity. This research presents insights into new drivers of SCC, but also on

requirements of a supply chain.
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5 Summary and Qutlook

5.1 Summary

Global supply chains represent an outstanding competitive advantage for globally-
acting companies. For competitive reasons, manufacturers are forced to use cost
advantages for raw materials or workforce from different places all over the world, but
satisfy their customers with high quality, short delivery times and reasonable costs. All
benefits of globalisation which attract manufacturers lead at the same time to an
increase of SCC, due to the challenge of managing information and material (Mentzer,

2001).

In this dissertation, the reasons for an increase of SCC and its behaviour have been
investigated. It could be observed over recent years that markets have become more
volatile (IHS, 2014), whereby companies are forced to align their global supply chains

accordingly to maintain or improve their financial performance.

In Chapter 2, a qualitative research is undertaken in order explore more about the
phenomenon of SCC and thus to contribute to academic research. As the machine
constructing industry plays a major role in German industry, an international company
out of this sector is chosen for further research. A major benefit is given by the fact that
not only the manufacturer is analysed in terms of SCC, but also representatives of the
upstream and downstream supply chain, i.e. suppliers and customers. This approach
enabled an in-depth information and results on SCC. At the same time, not only senior
managers from logistics participated in the research, but also from sales, purchasing or
engineering. This process ensures that a cross-functional perspective is considered for

managing problems of SCC.

In Chapter 3, the requirements of a supply chain are explored. Even if manufacturers are
confronted by an increase of SCC, agility is very important for their competitive
business performance as well of being responsive to the market. Many activities are
undertaken to improve agility, e.g. through IT integration which increases SCC on the
other hand (Swafford et al., 2008). Lee (2004) defines three qualities of a top-
performing supply chain: supply chain agility, supply chain adaptability and supply

chain alignment. In this dissertation, the three mentioned qualities are further explored
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in an international company out of the machine construction industry. It is analysed
which activities are undertaken to support the three supply chain qualities and how these
activities influence managerial KPIs like inventory costs, delivery performance or lead
times. The research supports Lee’s findings and extends his findings by creating a link

to the impact of KPIs.

After having qualitatively explored SCC and supply chain agility in the previous
chapters, a DES is conducted in Section 4 to quantify effects of inventory costs and
logistics costs. For this reason, a supply chain model is created to show all relevant
supply chain steps, i.e. from order creation and processing via production until outgoing
goods. In order to reduce SCC, the simulation demonstrates the effects if the customer
places its order directly in the manufacturing plant and no longer via the sales
organisation in his country as it is done today. These changes include changes in costs
and lead times. With help of the simulation, managers are able to decide if the

alignment of the supply chain is beneficial or not.

These findings provide a comprehensive analysis and overview of the effects of SCC in
dynamic environments in both the upstream and downstream supply chain. Apart from
managerial implications, this research offers also valuable contribution for literature.
For example, existing definitions (Jacobs et al., 2011) of SCC are reviewed and a
topical one is offered in Chapter 2. Further, new drivers of SCC are explored based on
the case study. These drivers have not yet been addressed in existing literature (Bode et
al., 2015; Serdarasan, 2013; Seuring, 2004). This research extends also the work of Lee
(2004) on the so-called triple-A. Literature (Prater et al., 2001; Braunscheidel et al.,
2009) called for additional research on supply chain agility, supply chain adaptability
and supply chain alignment. The present case study extends existing research by
exploring the interdependencies of the three mentioned characteristics in Chapter 3. In
order to fulfil the need to identify performance measures (Lee, 2004; Yusuf et al., 2014;
Dubey et al., 2017), this research provides more details on operative and strategic KPIs
in the context of the famous triple-A in Section 3.4. Finally, based on the research
results on SCC as well as on Supply Chain Agility, Adaptability and Alignment, a DES
model is proposed in Chapter 4 which could not be found in literature to date. This
model considers topical requirements and drivers of a supply chain so that this research

extends existing literature on simulation models (Grossmann, 2012; Chopra et al., 2012;
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Barbosa-Pavoa, 2014). The model gives evidence on the reduction of inventories and
logistics costs by redesigning the supply chain. Nevertheless, this field of research in
terms of both industry and approaches as well as methodology offers plenty of areas of

future research as outlined in Section 5.2.

5.2 Outlook

Based on the findings in this dissertation, various research questions on SCC could be
answered. By conducting a case study in a globally-acting company, qualitative findings
contribute to extend literature about the phenomenon of SCC. In order to gain a broad
insight into this matter, senior managers from different organisational functions were
interviewed. As supply chain managers are increasingly faced by SCC, they are now
able to set priorities in their decision-making. The research further contributes to the
ongoing academic discussion on SCC by exploring the understanding of it and its
drivers from a managerial perspective. It resolves the existing limitations first by
delivering a description and definition of SCC resulting from a case study, second by
investigating how product variety influences SCM and the risk of uncontrolled
complexity drivers and third by exploring practical measures to cope with drivers of

detailed and dynamic SCC.

While complexity in SCM further increases and dynamics e.g. customised products with
short delivery times also accelerate, the research on qualities in terms of supply chain
agility, supply chain adaptability and supply chain alignment provides valuable
contribution on this emerging field. This dissertation increases academic and managerial
understanding of advanced SCM by exploring how supply chain agility influences
supply chain partners. The research ascertained that with increased supply chain agility,
improvements can be achieved for order fulfilment, but also for inventories, i.e. cost
savings. The research made clear that it is not only speed as decisive success factor, but
also the competence to answer to supply chain requirements, speaking of supply chain
adaptability. The research elaborates on which KPIs these qualities have an effect on.
Accordingly, it can be said that increased supply chain agility as well as supply chain
adaptability provide competitive advantages. With the third quality — supply chain

alignment — changes in the supply chain design under involvement of further supply
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chain partners offer great potential for cost savings. Supply chains are often seen as
chance for cost savings and value contribution. Therefore, the management of interfaces
in the network is quite critical. This finding is confirmed by creating a simulation model
in Chapter 4 of this dissertation. The approach of the simulated aligned supply chain can
only be successful if the IT infrastructure is tailored according to the supply chain
requirements. Additionally, personnel capacities have to be provided and trained to
realise customer specifications and requirements. The manufacturer in the case study
intends to align the supply chain to customer behaviour so that service improvements
can be realised at lower costs. This adaptation inheres changes in processes and costs as
well. With help of a DES it could be ascertained that aligning the supply chain actually
leads to a cost advantage due to scales in the process of production, but also

warehousing and dispatch.

Accordingly, value can be created so that prices can either be reduced (depending on
competitive cost pressure) or profits can be increased. Definitely, there are many
barriers which are relevant for a successful alignment, starting with a high level of
transparency and visibility across supply chains. In addition to the above, extending
analyses about SCC to further countries, markets or products represent an area for
future research. While many results shown in Chapter 2, 3, and 4 can be generalised, the
detailed results out of the simulation depend on managerial strategies as well as on
customer behaviour. For example, if an important customer with high sales volume is
not willing to accept an adapted order process e.g. for engineering reasons, the result
will look differently. Based on the results of these chapters and literature from Lee
(2004) — to name only one — it could be attempted if SCC varies in different regions and
how supply chain agility is understood there. A more detailed simulation with a

different simulation methodology could deliver new information.

If companies want to deliver sustainable operational and financial performance, they are
requested to align their capabilities, strategies and customer relationships. It seems that

there are only very few organisations in the world that have managed this challenge.
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APPENDIX to Chapter 2

In-depth Interview

(Semi-structured style)

Position:
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Interview guide for the evaluation of complexity problems and challenges

Please answer the questions openly and honestly. If you have any questions, do not hesitate to
ask. Your data will of course be treated confidential and will only be used for this empirical study.

A. Management of Supply Chain Complexity

1. What do you associate supply chain complexity with?

2. How much does supply chain complexity influence you and your business in the future?

1 2 3 4 5 6 7

1 = very significantly, 6 = very little, 7 = no comments

3. What is your opinion on how well your company is managing its supply chain complexity?

4. In which way are you confronted with supply chain complexity?

5. What problems do you see in the complexity of the supply chain?
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6. What do you think is particularly good when managing your part of the supply chain
complexity?

7. What do you think is particularly bad when managing your part of the supply chain
complexity?

8. In your opinion, what is the expected outcome of a reduction of supply chain complexity?

9. “l take care of support or work in supply chain optimization projects.....

[1] regularly

[1] once in a while
[] seldom

[1] never

[1] no comments
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10. What do you think could help to further improve your supply chain complexity?

11. What is the expected profit of a reduction of supply chain complexity?

12. How important do you think are the following characteristics for a successful supply
chain complexity management?

1 2 3 4 5 6

Strategic fit (effective/responsive)

Development of direction and speed

Common culture

Strategic interest

Power distribution

Integration of suppliers/customers

Understanding of the customer and the supply chain

Commitment/Trust

Transparency

Communication

Benefit sharing

1 = very important, 6 = unimportant, 7 = no comments

13. What do you think is working particularly well with respect to supply chain complexity?
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14. Where do you see major problems?

15. What are the biggest challenges in your opinion when installing a supply chain
complexity measuring system which includes the external supply chain?

16. How important is it to learn from suppliers/customers to improve the supply chain
complexity?

1 2 3 4 5 6 7

1 = very important, 6 = unimportant, 7 = no comments

17. What kind of problems do you see with improvement efforts on supply chain complexity?
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18. Being highly flexible means a professional management of uncertainties. What kind of
problems do you see with flexibility resulting from supply chain complexity?

19. Which measures do you use to manage supply chain complexity?

20. How can the problems with flexibility in supply chain complexity be overcome?
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B. Measurement of Supply Chain Complexity

21. Why should such a supply chain complexity measurement system be installed?

d w0 DN

22. Which key performance indicators do currently measure supply chain complexity?

d w0 DN

23. Do you think measuring the supply chain complexity can help you manage the supply
chain?

Yes, why:

No, why:

24. Would you separate the complexity measurement into internal and external supply
chain complexity, or consider it a single system for the entire supply chain?

Internal/external, why:

One system, why:

25. What kinds of measures do you use?
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[1] Cost measures

[ 1] Quality measures
[1] Time measures
[1] Non-quantitative measures

26. Considering your system of internal supply chain complexity, how well do you think it
supports your decision making like changes in processes or capacity planning?

1 2 3 4 5 6 7

1 = very well, 6 = very poorly, 7 = no comments

27. Do you have external complexity measures for your supply chain?

Yes, which ones:

No, why not:

28. Considering your system of external supply chain complexity measures, how well do
you think it supports your management activities?

1 2 3 4 5 6 7

1 = very well, 6 = very poorly, 7 = no comments

29. What do you think is working particularly well?

30. Where do you see your major problems?
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31. Do you agree that measuring the external supply chain complexity is important in order
for a company to be competitive in the future?

1 2 3 4 5 6 7

1 = totally agree, 6 = totally disagree, 7 = no comments

32. What models for measuring the supply chain complexity are you familiar with?

33. Do you believe that new models like SCOR-model or the extension of such existing
models as the balanced scorecard, can help you to measure your supply chain
complexity?

1 2 3 4 5 6 7

1 = totally agree, 6 = totally disagree, 7 = no comments

Why do you think so?

34. What characteristics are very important to you for an excellent supply chain complexity
measurement system?
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Accuracy

Visibility

Facilitates trust

Easy to understand

Encourages appropriate behaviour

Measures only what is important

Measures are quantitative

Measures are defined and mutually understood

Measures are multidimensional

Encompasses both in- and outputs

Others HKe: vuvviiieriiriirii i i i e rnnsnnnen

1 = very important, 6 = unimportant, 7 = no comments

35. Do you think your suppliers/customers would be willing to participate in a supply chain
complexity measurement project?

1 2 3 4 5 6 7

1 = entirely willing, 6 = not willing, 7 = no comments

36. What is necessary, from your point of view, to incentivise suppliers/customers to
participate?

37. Do you think measuring the complexity in the supply chain is complex?

1 2 3 4 5 6 7

1 = totally agree, 6 = totally disagree, 7 = no comments

- 150 -




Why do you think so?

38. How can the complexity in the measurement of the supply chain complexity be
overcome?

39. Would you be willing to share sensitive data with a supplier/customer to improve the
supply chain complexity?

1 2 3 4 5 6 7

1 = entirely willing, 6 = not willing, 7 = no comments

40. How can problems with data-sharing in supply chain complexity be overcome?

41. Do you see other problems occurring when measuring the supply chain complexity?

Thank you for your participation!

The results will be kept confidential and will only be used for this dissertation, as mentioned in
the beginning.
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APPENDIX to Chapter 3

In-depth Interview

(Semi-structured style)

Position:

Interview guide

Please answer the questions openly and honestly. If you have any questions, do not hesitate to
ask. Your data will of course be treated confidential and will only be used for this empirical study.
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Research topic 1: Supply chain agility
Target: Respond to short-term changes in demand or supply quickly (Lee, 2004)

1. What do you associate supply chain agility with?

2. How much does supply chain agility influence you and your business in the future?

1 2 3 4 5 6 7

1 = very significantly, 6 = very little, 7 = no comments

3. What is the expected profit of an increase of supply chain agility?

4. What do you think is the expected risk of supply chain agility?

5. Which activities does your company realize or intend to realize in order to increase
supply chain agility?

6. What is necessary/important to create an agile supply chain?
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7. How do you measure supply chain agility?

8. What problems do you see in the agility of the supply chain?

9. What kind of problems do you see with agility resulting from supply chain complexity?

Research topic 2: Supply chain adaptability

Target: Adjust supply chain design to accommodate market changes (Lee, 2004)

10. What do you associate supply chain adaptability with?

11. How much does supply chain adaptability influence you and your business in the future?

1 2 3 4 5 6 7

1 = very significantly, 6 = very little, 7 = no comments

12. What is the expected profit of an increase of supply chain adaptability?
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13. What do you think is the expected risk of supply chain adaptability?

14. Which activities does your company realize or intend to realize in order to increase
supply chain adaptability?

15. What is necessary/important to create an adaptable supply chain?

16. How do you measure supply chain adaptability?

17. What problems do you see in the adaptability of the supply chain?
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18. What kind of problems do you see with adaptability resulting from supply chain
complexity?

Research topic 3: Supply chain alignment

Target: Establish incentives for supply chain partners to improve performance of the
entire chain (Lee, 2004)

19. What do you associate supply chain adaptability with?

20. How much does supply chain adaptability influence you and your business in the future?

1 2 3 4 5 6 7

1 = very significantly, 6 = very little, 7 = no comments

21. What is the expected profit of an increase of supply chain adaptability?

22. What do you think is the expected risk of supply chain adaptability?
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23. Which activities does your company realize or intends to realize in order to increase
supply chain adaptability?

24. What is necessary/important to create an adaptable supply chain?

25. How do you measure supply chain adaptability?

26. What problems do you see in the adaptability of the supply chain?

27. What kind of problems do you see with adaptability resulting from supply chain
complexity?
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28. Do you think that agility, adaptability and alignment need to be treated equally in terms
of priorization? If yes, why? If no, how and why?

29. Do you think that agility, adaptability and alignment do influence the performance of
your firm? To which extent?

30. Are there other characteristics for an efficient supply chain unless cost-efficiency and
speed?

Thank you for your participation! The results will be kept confidential and will only be used for
this dissertation, as mentioned in the beginning.
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APPENDIX to Chapter 4

Symbols in ExtendSim (Source: ExtendSim9, Userguide, 2013):

Description

Executive block: The block does event scheduling
and manages discrete event simulation. It must be
presented in every discrete event model.

Create: Generation of items or values either
randomly or on schedule. If used to generate items,
it pushes them into the simulation and should be
followed by a queue-type block.

Queue: Acts as a sorted queue or as a resource pool
queue. As a sorted queue, holds items in FIFO or
LIFO order, or sorts items based on their attribute
or priority.

Activity:  Processes one or more items
simultaneously. Processing time is a constant or is
based on a distribution or an item’s attribute.

31k
j

Exit

Exit: Removes items from the simulation and counts
them as they leave.

;

Plotter, Discrete Event: Reports the cost
development, capacity utilization or other indicators
of interest

Get block: Displays the value of user-assigned and system
level item properties: attributes, priorities, quantity, and
item index.

DEQ Set block: Attaches user-assigned properties (attribute,
0{-'-} priority, and quantity) to items passing
art Numbx Select Route: The product and its production location is
e specified.
-

Maths block: Specification and accumulation of costs for
evaluation

Lookup Table: Acts as lookup table. Can be chosen to set it
to output data based on the current time or based on the
value it receives at its input.

Random Number: Generates random integers or real
numbers based on the selected distribution.

Holding tank: accumulates the total of the input values. It
also allows to request an amount to be removed and outputs
that requested amount, if available.
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