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ABSTRACT

This master’s thesis evaluates different methods in Supply Chain Management with a

special focus on their use in Small and Medium-sized Enterprises (SMEs).

Whereas there are lots of methods regarding Supply Chain Management which are
already implemented in Large Enterprises such as the automobile industry and its
suppliers and which are well documented in literature, only some of them are
applicable to Small and Medium-sized Enterprises due to various restrictions. This
work selects existing methods and evaluates them regarding their potential and their
requirements for use in the limited and restricted environments of SMEs. Although a
large number of methods exist, only the most promising are selected and analyzed in
a more detailed way. These methods include principles based on Lean Supply Chain
Management, Agile Supply Chain Management, Kanban, Supply Chain Networks
and Sustainable Supply Chain Management.

The second part is dedicated to recent technologies (ERP, RFID) which can be used
to support the task of Supply Chain Management. These new trends can be
implemented in SMEs without requiring too much personnel and support SMEs in

their daily work not only regarding the supply chain.

The reason for this work is to show SMEs how they can improve their supply chain
processes to leverage additional potential. This could result in new possibilities for
SMEs without having to account for a large increase in staff and system knowledge
which in turn reduces costs. The result of this work shows that there are methods
which can be used effectively in SMEs, how they can be applied and which

limitations exist.
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1 INTRODUCTION

Supply Chain Management is a topic which is usually not taken into account in
SMEs although it can change the business environment significantly. When an
enterprise comes to life, there are usually more pressing issues at hand which need to
be taken care of. These include but are not limited to legal restrictions, economic

concerns and also human resource management or project management.

Once a company starts to grow and reaches around ten or more employees the need
for a coordinated procurement of goods comes up since no one will be able to track
incoming and outgoing goods without a specialized tool anymore. This tool usually
comes in the form of an ERP system, not so much in a specialized supply chain
application. Yet, since many ERP systems are able to handle the basic requirements

of supply chain management, this is a good starting point.

Once such a system is in place, there are requirements which need to be met, such as
minimum transport cost and maximum profit gain. Looking at the value chain, no
unnecessary work must be added to allow for maximum profit. This thesis explains
which tools support this process regarding the supply chain and how their potential

can be leveraged in such small enterprises.

Starting from the definition of Supply Chain Management we will explain the
difficulties of Small and Medium sized Enterprises. After these problems have been
explained, multiple management theories will be shown which could support SMEs
in their effort to implement an efficient supply chain. All of these methods are

evaluated regarding their potential for SMEs and their area of application.

This thesis is meant as a practical guide for SMEs that need to improve their supply
chain. Depending on their specific needs, such an enterprise should be able to select
an instrument that matches its business area and requirements. Regarding this thesis,

the focus was production oriented enterprises in Europe and North America.



2 FUNDAMENTALS OF SUPPLY CHAIN MANAGEMENT

2.1 Introduction

The term Supply Chain Management (SCM) describes all tasks involved in planning
and managing the relationships with suppliers and customers required to design,
make, deliver and use a product or service. In the past, it has evolved from a
necessary side issue into its own business area. Furthermore, with the possibility of
reaching every point on earth within a day, it has evolved from a regional issue and
now has to be seen from a global perspective. This does not only hold true for large
international enterprises but also for smaller companies. The following chapter will
give a short idea of the tasks and goals of Supply Chain Management. Furthermore,
we will focus on some problems and concepts which are very common in Supply

Chain Management.
2.2 Definition

A formal definition according to the CSCMP (Council of Supply Chain Management

Professionals) is:

"Supply Chain Management encompasses the planning and management of all
activities involved in sourcing and procurement, conversion, and all logistics
management activities. Importantly, it also includes coordination and collaboration
with channel partners, which can be suppliers, intermediaries, third-party service
providers, and customers. In essence, supply chain management integrates supply
and demand management within and across companies. Supply Chain Management
is an integrating function with primary responsibility for linking major business
functions and business processes within and across companies into a cohesive and
high-performing business model. It includes all of the logistics management
activities noted above, as well as manufacturing operations, and it drives
coordination of processes and activities with and across marketing, sales, product

design, and finance and information technology." (CSCMP, 2010)



In slides from McGraw-Hill / Irvin, a more narrowed, company-specific definition is

used (The McGraw-Hill Companies, 2006):

“Supply-chain management is a total system approach to managing the entire flow of
information, materials, and services from raw-material suppliers through factories

and warehouses to the end customer”

It is important to understand that SCM is not only focusing on a single company with
its suppliers and customers but eventually goes further by building partnerships with
those involved parties to form a complex network with supplier’s suppliers and
customer’s customers (Figure 1). Ideally this will range from the end customer who
purchases a final product to the producer of the raw materials which are required in

the process.

Customer's
Customer

Supplier's

Supplier Supplier Company Customer

Figure 1 - Extended Supply Chain Relationships

In such a complex network, not only the material flow will be of interest. This
network can also contain information about forecasting, product quality issues and

much more, depending on the business values.
2.3 Need for Supply Chain Management

As companies are continuously increasing their efficiency, they are also trying to find
new sources and new customer markets. Especially with the effects of globalization,
enhancing the supply chain has become an issue for many firms — not only for
international enterprises but also Small and Medium Enterprises (SMEs). Other
factors for requiring a good supply chain management is general competitive
pressure, an increase of importance in e-commerce, inventory reduction, outsourcing

and costs for transportation, especially when looking at sustainability.



In (Chopra & Meindl, 2001) the authors identify four main drivers.

Facilities — these are also labeled Production in (Hugos, 2003): This is the
process to make products out of raw materials. According to (Hugos, 2003)
there is usually a gap between responsiveness and efficiency in production.
This covers both the production of goods as well as storing them
(warehousing).
Inventory: Looking at the supply chain from supplier to customer there are
multiple types of inventory. Inventory can be internal such as goods which
are waiting for the next production step but can also be external such as
finished goods, waiting to be transported to the customer. Inventory is also
often categorized as cyclic inventory, buffer inventory or seasonal inventory.
The first one is the amount of inventory required between two orders to be
able to fulfill the customer’s demand. Buffer inventory is seen as safety stock
in case of unforeseen problems due to transportation or economic issues.
Seasonal inventory is stocked up material which is usually used during a
specific season of the year. A company does not necessarily need to employ
all three types.
Transportation: The process of moving goods from one facility to another is
another driver. In general, there is always a tradeoff between costs, flexibility,
speed and safety. In (Hugos, 2003), six different possibilities for transport are
outlined.

o Ship

o Rail

o Pipelines

o Trucks

o Airplanes

o Electronic Transport
Information: This is the central point. The information flow must not only
happen within the other four items but should also flow to suppliers and
customers to form a tight network. Yet, it is important to keep in mind, that
the more information flows between members of the supply chain network,

the more of this information could be used by potential rivals or competitors.



In (Hugos, 2003), a fifth element is given additionally to the drivers mentioned above.

e Location: Although closely intertwined with transportation, this factor should
be mentioned as well, not only because it can be seen from two sides. On the
one side, having a supplier being close to you will yield less transportation
cost and will also usually provide higher flexibility. On the other hand, labor
costs could be higher or the product price might be higher. All these issues
must be taken into account when selecting a new fab location or choosing a

new supplier.
2.4 Supply Chain Management vs. Logistics

If you compare Supply Chain Management to Logistics, there are different
interpretations of how Logistics is related to SCM. In many books, logistics is
considered a part of Supply Chain Management. Others state that the two of them are
actually the same. The idea I would like to follow here is that Supply Chain
Management spans over multiple involved companies and includes aspects of
material and knowledge flow throughout these companies whereas Logistics is
related to material and information flow within a single company. This idea is given

in (Hugos, 2003) and is a good compromise between the two prevailing ideas.
2.5 Tasks in Supply Chain Management

Supply Chain Management is the integration of activities which can include but are

not limited to:

e Sourcing and Procurement / Purchasing / Forecasting: We need to have raw
materials available when they are actually required and they need to be
procured at the best possible cost. It becomes especially important when you
can save money by planning ahead and is closely related to finance.

e Production planning and control: This is the process of transforming raw
materials into finished goods in an efficient manner by planning ahead.

e Order processing: This is the process of picking finished goods and deliver
them to the next station in the supply chain

e Inventory management: This is about specifying the amount of goods on



stock to allow for continuous production and specifying where these goods
should be placed to keep the production efficient within the boundaries of the
facility.

e Customer Service: This integral part deals with handling customers before,
during and after any sales operation. Depending on the business, the
requirements for customer service can change heavily. Customers can be
either end users or further processing industries.

e Recycling: Especially with today’s environmental responsibility efforts,
recycling has become a more and more important topic. Also, sustainability
of the produced goods has become more and more important in the past years.

e Marketing and Product Development / R&D: This describes the process of
bringing a new product into the market with everything that is related from
the beginning by evaluation of customer’s needs through the product design
phase and the launch of the product to providing strategies for sales.

e Finance: This includes dealing with the daily business as well as planning
ahead which is essential for inventory and therefore the production.

e Information: Which and how much data should be collected? How can this
data be used for any of the other tasks outlined above? Especially regarding
performance measurements it is important that data is immediately available
so possible problems can be eliminated beforehand. Therefore, the flow of
information needs to be taken care of. Yet, by generating and/or receiving too

much non-important information this could lead to a decline in efficiency.

These topics pointed out here only refer to tasks related to Supply Chain
Management within a company or within direct suppliers or direct customers.
Further management tasks when dealing with larger supply chain systems include the

management of company relations, thereby improving communication and behavior.



2.6 Goals of Supply Chain Management

The goals of Supply Chain Management are manifold. There is a definition which

summarizes these goals very well.

“The goal of supply chain management is to increase sales of goods and services to
the final, end use customer while at the same time reducing both inventory and

operating expenses.” (Hugos, 2003)

Seen from a different perspective, the main idea behind Supply Chain Management

is to achieve a competitive advantage. Mentzer describes this as follows:

“From the foundation of these managerial conclusions (given above), we can begin
to discuss SCM as a source of competitive advantage. Our first example illustrates
how this all-encompassing approach to a ‘systemic, strategic orientation’ can lead to
competitive advantage, especially when we realize that the final consumer can be
considered one of the ‘three of more companies directly linked by the supply chain

flows’” (Mentzer, 2004)
2.7 Supply chain and business strategy

The supply chain should be designed in a way which supports the business strategy.
This means that first and foremost it is the customer who requires a certain level of
responsiveness. On the other hand, the processes in the supply chain need to be
efficient to allow for reasonable pricing. These two issues are not necessarily
mutually exclusive. By designing the supply chain in such a way that the customer’s
requirements can be met while still keeping a normal pricing level it is possible to
gain a competitive advantage in the market, thus resulting in a higher market share
compared to a competitor with similar products but less powerful supply chain
instruments.

In (Hugos, 2003) three steps to align supply chain tasks to business strategy are
outlined in detail.

1. Understand the requirements of your customers
2. Define competencies / roles your company will have to serve the customers
3. Develop supply chain capabilities to support the roles your company has

chosen



Whereas these three points are certainly true and useful, a fourth point should be

added to allow for future changes.

4. Continuously monitor, reevaluate and if needed realign your supply chain

instruments to support your company’s changing business strategy.

Especially in today’s fast changing markets and with the current possibilities which
globalization introduces, there is a constant change. This change doesn’t necessarily
affect the business strategy, but it affects the relationships with suppliers and
customers. Therefore not monitoring and reevaluation your strategy might not
support your goals over time anymore, resulting in poorer performance and therefore

less market share.
2.8 Functional View of Supply Chain Management

To get a better understanding of the supply chain, it can be seen from a functional
point of view. This view is promoted by the Supply Chain Council (SCC) and is
called the Supply Chain Operations Reference (SCOR) model.

| Plan |

Deliver (| Source Make Deliver (|  Source
I |
Return | Return Return | Return
| |
Supplier | Your organization I Customer

Figure 2 - The SCOR model according to the SCC (Supply Chain Council, 2011)



According to the SCC, the reason for developing such a model is as follows.

“The SCOR model helps refine strategy, define structure (including human capital),
manage processes, and measure performance. An organization’s annual strategic
priorities are manifested in SCOR’s vertical process integration (management led
programs for doing the right things, as defined by the customer) and its horizontal
process integration (leadership-led programs for doing the right things well, as

defined by capabilities).” (Supply Chain Council, 2011)

Looking at the model (Figure 2), the SCC describes five so called “Level 17
management processes. In (Scott, Lundgren, & Thompson, 2011) and (Hugos, 2003)

a more detailed explanation of these processes is given.

e Plan (P): This process describes the planning activities required for operating
the supply chain. Main issues are gathering information from supplier,
customer and the own company as well as identifying possible problems.

e Source (S): This process describes all tasks associated with the purchase side
such as ordering raw materials and scheduling the arrival of goods.

e Make (M): This process describes all tasks involved in transforming items
received from the S process which are then output to the D process and may
include processing, repair or remanufacturing of items.

e Deliver (D): This process describes the sales side of the business. It does not
only include delivery of goods but also related tasks such as invoicing.

e Return (R): This process describes all items related to sending back goods to
the supplier or receiving goods from the customer. Reasons can be manifold

and range from wrong delivery to not working items.

Of course, the SCOR model shouldn’t only span three companies (your own
company, your supplier and your customer) but again should extend over the whole

supply chain which is relevant to your business and products.

Additionally, the SCOR model doesn’t only describe the model but also advises on
performance by specifying performance attributes. For each of these performance
attributes, the SCOR model does also help to measure these by specifying

standardized metrics.



e Reliability

e Responsiveness

o Agility
e C(Costs
e Assets

2.9 Supply Chain Management challenges

When looking at a supply chain there are many potential issues in this complex
network of suppliers and customers. A few of these issues should be pointed out
because they are important for actual review of methods. These are the issues which

can be tackled by implementing an effective supply chain system.

e Uncertainty: This is probably one of the hardest issues which needs to be
discussed. Possible reasons are changing travel times of materials or
unforeseen breakdown of machines. Additional reasons are political issues
such as strikes or weather conditions (earthquake, war).

e Short product life cycle of high-technology products: Historical data has been
used in the past as a good source of data. With ever faster product cycles this
historical data becomes less and less available thus eliminating a strategy for
forecasting.

e Just-in-time (JIT) production and long lead times: The idea behind JIT is to
have a minimum of stock. Since long lead times add additional uncertainties,
they also reduce the chance of implementing JIT production.

e Globalization: With nowadays possibilities of transport, additional aspects
need to be taken into consideration. These include cultural issues (national
holidays, religious issues or trade embargos), language barriers and also time
zone issues (contact is only possible during non-default business hours).

e “Green” Supply Chain Management: Looking at the rising interest in
sustainability in the past few years, topics such as recycling and pollution
become a bigger issue and need to be taken into account. The main issue here
is that this strategy has to influence the selection of suppliers as well as your
own company environment. Since different countries enforce region-specific

environmental issues, a comparison between companies in different countries

10



is not always easily possible.

e Supply Chain Management not integrated into product design process: Since
many new — especially small and medium — enterprises do not put their focus
on their supply chain from the very beginning due to other complex problems
at hand, they lose part of their competitive advantage. A good advice would
be to integrate supply chain management into the product design process as

early as possible.
2.10 Supply Chain Management Operations Strategies

In (Scott, Lundgren, & Thompson, 2011), five strategies are given when and how
products are being produced. These are very much based on the type of product and
the quantities which are being purchased and will result in changes in availability and

especially lead time.

e Make and deliver to stock: This usually is the case for commonly used goods
such as food. Products are produced and then put to stock. Looking at the
supply chain, the stock is usually held very close to the customer (grocery
store).

e Make to stock: Usually, a central warehouse is the point where stock is held.
It is less regional than in “Make and deliver to stock™.

e Assemble to order: There is no stock of the finished goods but inventory of
raw material is held and ready to be engineered into the final product upon
receipt of a customer’s order. This has become very popular in the car
industry (e.g. BMW) where it is called “mass customization”.

e Make to order: Inventory of raw material is held but not used until a
customer’s order. Upon receiving the order, the material is used and the goods
are being produced.

e Purchase and make to order: Here, even the supplier doesn’t hold any stock of
raw materials required for the finished product. Everything is purely driven

by the customer’s order.

Additionally to these strategies, another strategy should be mentioned which evolves

more from a service oriented perspective.

11



e Engineer to order: Products (or services) are not even known until there is a
customer’s request. Usually these are highly complex products and need to
conform specifically to customer’s specifications. This type of products is
usually tailored to only a single customer. Although this strategy is similar to
the “Purchase and make to order” strategy, the difference is that here there is

no product displayed to the customer since it is yet unknown.

Looking at these strategies, in summary you can say that the point of stock keeping is
moved more and more to the supplier the further you go down the list. This also

means that if you go down the list, the lead time will increase.
2.11 Bullwhip effect and supply chain collaboration

The Bullwhip effect is an effect which results from a lack of information flow from
customer to the supplier of raw materials and is also called “demand amplification”.
It is described in detail in (Senge, 2006) and through a hypothetical simulation
performed by the Massachusetts Institute of Technology’s Sloan School of
Management called “The beer game”. The Bullwhip effect is the result of a sudden
change in demand. This demand is picked up by the supplier who in turn tries to
satisfy this demand through his current stock. This results in a bigger demand from
the supplier’s supplier (producer). The producer is now unable to fulfill the demand
and rations the amount of items a supplier will get. The supplier sees that his order
couldn’t be fulfilled, thereby raising his desired stock level even more, resulting in an
even higher demand from the producer. The producer might in turn create new

production facilities to satisfy this new high demand.

Now the producer is shipping in larger quantities to the retailer but at the same time
the demand drops. Since the demand drops, the supplier is stuck with excess
inventory he cannot get rid of. The producer has set up a production chain which
could satisfy a higher demand than actually required. Additionally, due to excessive
demand, transportation facilities had to be increased, thereby increasing the cost of
the product. Since the stock is full at the supplier, he has to drop the price to increase
sales for the product. Figure 3 is an example of the Bullwhip effect. This displays
how a small change of customer orders (thick, straight line) can trigger a large

change in producer orders (thin dotted line).

12
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This example outlines why information was outlined as one of the tasks of supply

chain management before. To mitigate or even eliminate such issues, different

approaches exist.

Reduce uncertainty in the supply chain: Since the reason for such a behavior
can often be found in non-existing communication between companies within
the supply chain, a method to eliminate this deficiency has been defined. It is
named Collaborative Planning, Forecasting and Replenishment (CPFR).
Hereby, data from the point of sale is available directly to the supplier who
does not rely on orders anymore.

Vendor Managed Inventory (VMI): This is another similar technique. By
using VMI, the supplier keeps track of the customer’s inventory. Even more
than that, also supplier’s representatives — who are familiar with the product
branch — can be on site to take care of product presentation. A method named
“shared risk” might also reduce the customers risk by requiring the supplier
to take products back in case they are not sold.

Everyday Low Prices (EDLP) strategy: Often, the reason for large orders can
be found in large fluctuations of prices. Therefore keeping prices at a constant
level will also keep demand at a constant level. It should be emphasized that
also the prices relative to a competitor need to be taken into account.
Reduction of lead times through methods such as cross-docking or using

improved EDI techniques to reduce information lead time.

2.12 The economic ordering quantity in SCM

Closely related to the bullwhip effect is the economic ordering quantity. The goal,

especially when ordering a quantity is associated with additional costs, is restocking

at the optimum moment. This moment is usually seen as a tradeoff between the cost

of ordering and the quantity which is purchased. This can be easily seen in Figure 4

(Hugos, 2003)Figure 4 - Economic Order Quantities .
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Line A designates the cost which is involved in ordering a specific number of items.
This cost is very high for only small lot sizes. Compared to the total volume of the
order this cost will decrease with large lot sizes since large lot sizes can for example

reduce production costs.

Line B designates the costs which are involved in keeping a number of items in stock.
Keeping items in stock will add costs because the required capacity in the warehouse

will grow and it is possible that these goods might lose value over time.

The optimum point is at or around the intersection between line A and line B where

the total cost (Line C) is a minimum. This point is named Economic Order Quantity.

A
A
1
\
ﬁé \ EOQ
S \ c, -’
£ 7
5 \ -
— \ /
O <~ _ _ - B
)
Order Quantity

Figure 4 - Economic Order Quantities (Hugos, 2003)
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3 SUPPLY CHAIN MANAGEMENT IN SMALL AND MEDIUM
ENTERPRISES

3.1 Introduction

The topic Supply Chain Management is a topic which can be found in many
industries and enterprises of different scales. Especially large enterprises have
established a well-functioning supply chain from their first supplier of raw materials
to the final end-customer. For large companies, this can become a fairly complex
system. The goal for this thesis is to evaluate how such elaborate and powerful
processes can be introduced in Small and Medium Enterprises with as little work as
possible. To achieve this, in this chapter we will first define SMEs and then outline
specific needs and problems of SMEs when dealing with the supply chain. We will
also look at efficient and effective processes and why the supply chain is so

important especially for SMEs.
3.2 Small and Medium Enterprises in the European Union

When talking about Small and Medium Enterprises (SMEs), 1 will follow the
definition of the EU commission, especially Article 2 in (Erkki Liikanen, 2003).

“The category of micro, small and medium-sized enterprises (SMEs) is made up of
enterprises which employ fewer than 250 persons and which have an annual turnover
not exceeding EUR 50 million, and/or an annual balance sheet total not exceeding

EUR 43 million.

Within the SME category, a small enterprise is defined as an enterprise which
employs fewer than 50 persons and whose annual turnover and/or annual balance

sheet total does not exceed EUR 10 million.

Within the SME category, a microenterprise is defined as an enterprise which
employs fewer than 10 persons and whose annual turnover and/or annual balance

sheet total does not exceed EUR 2 million.”
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3.3 Supply Chain Systems in Small and Medium Enterprises

Introducing such a system in an enterprise usually also means a reduction of
flexibility. First of all, the processes involved — which usually span the whole
enterprise — need to be systematized. Apart from the negative aspect of being not so

flexible anymore, this can be seen from two different positive aspects.

On the one hand, this will bring structure into the company. Basically, all purchase
requests will have to be routed through the purchase department — or at least through
the person who is responsible for purchasing — which will then have to take care of
assigning the correct allowances for a department and controlling these. On the other
hand, these are tasks which support the quality management by introducing processes
which can be measured and evaluated. This will help in introducing a systematic
approach to deal with different pricing strategies of suppliers in case more than one

supplier is available for a specific product.

Especially when transitioning from a microenterprise — according to the definition of
the European Union as stated in (Erkki Liikanen, 2003) around less than ten
employees — there aren’t any well described processes for purchasing existing
already. In the recent past, I have talked to the CEOs of a few small enterprises — all

of them located throughout Austria - which went through this transition process.

In three of these cases, there haven’t been any written instructions or defined
processes on how to purchase goods, neither for internal use, nor for usage in
conjunction with a customer. Basically, whoever needed an item went on to purchase
it himself and then gave the bills to bookkeeping. Items which were purchased in
these cases were never related to customers or projects, which in turn were not
reimbursed from the customer. This led to higher expenses for projects than

ncecessary.

In two cases of small enterprises there were ongoing discussions how to introduce
defined processes into the company to eliminate such issues. These discussions did
not only include the purc