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Preface
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The master thesis project at Jan Dekker International was part of the double degree program set up
jointly by the University of Technology in Eindhoven (TU/e) and the Institut National Polytechnique
in Grenoble (INPG). For me this program was the opportunity to learn more about a different culture
other than the Dutch one, and in particular the French culture.

Jan Dekker International is a Dutch organization with affiliates in several European countries. I have
spent one month in the head office in the Netherlands and five months in the French affiliate. This
Dutch-French combination was the perfect opportunity to experience the two cultures in a professional
environment.

During my internship I noticed that it was quite difficult to manage the two cultures. The geographical
distance and the different languages caused difficulties in communication between the two parties.
Employees tended to stick to their "geographical silos", which led to a company culture in which one
spoke about "the French" and "the Dutch".

An important learning experience for me was to keep communicating with people even when it is hard
due to differences in languages and the geographical locations. Misunderstandings quickly occur,
leading to unpleasant situations. I learned that it is important to reveal the misunderstandings to create
a better cooperation between both parties.

The topic of my research perfectly fitted this situation. The analytical tool I designed was developed
from two perspectives, i.e. the demand and the supply perspective. These two perspectives were
conflicting, where as the demand perspective wished for more stock items, while the supply side
wished for less stock items. The two perspectives were also linked to one of the two nationalities. The
demand perspective represents the French customers and the French sales affiliate. The supply
perspective represents the supply chain department, which is centralized in the Netherlands.

Although it was quite difficult to complete the research, I have perceived the internship as positively.
The most important thing is that I have learned a lot about this cultural experience. I would therefore
like to thank Jan Dekker International for this opportunity, in particular the French employees and my
Dutch company mentor Han Botterhuis. Furthermore, I would like to thank my French university
mentor Jean-Philippe Gayon and my Dutch university mentor Jan Fransoo for their support during the
project.

Last, but certainly not least, I would like to thank my friends and family for their support during the
hard times in my master thesis project. I'm really glad that you have not forgotten me after being away
for 1,5 year. In particular, I would like to thank Berte van Heemst and Lisa Koster for their efforts to
revise my thesis.
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The customer order decoupling point is an analysis method how to match demand and supply. The
decision where to position the CODP in the value-adding process is a decision that goes beyond the
area of production planning and inventory management. It includes not only production and inventory
considerations, but it also includes marketing and sales characteristics.

Not all CODP literature discusses the CODP decision itself. A part of the literature take the result of
the CODP decision making as a given. For instance the CODP literature investigates the effects of
adding a make-to-order item to a make-to-stock production system, or whether to accept or to reject
orders for MTO items. This master thesis will not elaborate on the impact of the CODP decisions on
production systems or lead times, but it will focus on the CODP decision itself. In particular, it will
focus on the analytical tools supporting the customer order decoupling point decision. Based on the
literature review the following observations can be made:

• The literature does not provide sufficient guidelines how the demand perspective can be
described.
Only a handful of analytical tools consider the supply as well as the demand perspective of the
CODP decision. CODP literature that includes the demand perspective in the analytical tools
insufficiently explain how the demand perspective can be described or they simply state that
management judgment is needed to describe the perspective. An idea is to describe the demand
perspective by customer characteristics. More important customers should be delivered faster.
However, quantitative criteria to distinguish the customer groups are missing and determination of
the importance of the customers is based on management judgment. Furthermore, the supply
perspective is based on product characteristics, while the demand perspective is based on customer
characteristics, which leads to complex decision making since a lot of product-customer
combinations exist.

• The literature prescribes insufficiently how the supply and the demand perspective should
be combined.
Combining the supply perspective described by product characteristics and the demand
perspective described by customer characteristics leads to many product-customer combinations
and therefore many different CODP decisions. These different decisions are complicated to
manage and only partly described by literature.

• The literature gives little guidelines how the customer order decoupling point decision
changes when the demand perspective is added in the analytical tool.
The CODP literature has not analyzed the consequences for the CODP decision when the demand
perspective is included in the analytical tool.

These gaps indicate that it will be a contribution to the literature when an analytical tool will be
developed that supports the customer order decoupling point decision, which does not only take into
account the supply perspective, but also the demand perspective. This analytical tool will provide
guidelines how to describe the demand perspective. It will show how the demand perspective should
be included and it explains the consequences of adding the demand perspective. The research
objective will therefore be:

Research objective

Develop an analytical tool that supports the customer order decoupling point decision from the
supply and the demand perspective

Susanne Koster - Master thesis - January 2008 5



An analytical tool supporting customer order decoupling point decisions TUle

To reach this research objective, three research questions are formulated. These research questions
follow directly from the literature gaps.

1. How should the demand perspective be described?
2. How should the demand perspective be included III the analytical tool supporting CODP

decisions?
3. What is the impact on the customer order decoupling point decision when the demand perspective

is included in the analytical tool?

The research methodology to develop the analytical tool contains four steps, and each step leads to a
hypothesis, that will be tested in practice by means of a case study. The first step of the theoretical
column will describe the demand perspective. In the second step, an analytical tool developed from the
supply perspective will be presented. In the third step, an analytical tool developed from the supply
and demand perspective will be presented. Finally, in step 4 the last research question will be
addressed. The figure below shows the research methodology and the hypotheses. The result of
the research methodology is an empirically tested analytical tool developed from the supply and the
demand perspective, which will mean that the research objective is reached. To obtain empirical
evidence it is chosen to use a case study. The case study company is Jan Dekker International, a
distributor and producer of cosmetic, food, and feed ingredients. The company faces the problem that
customers are unsatisfied by the lead times. It should be decided which items should be stocked in the
Netherlands. A trade off should be made between the customer satisfaction with respect to lead times
and the required inventory investment.

Practice:
hypothesis testing--

Il___ t\
H1: The demand perspective should bey------- v described by product characteristics.

l
A ~ H2: The four quadrants of the analytical tool

l'l II developed from the supply perspective
represent the right CODP decisions.

l
1,1 ~ H3: The demand perspective should be

added by setting different CoY bordersl'l II
for each product group.

!
1,1 t\ H4: The demand perspective only has
I'~ II consequences for MTS items of quadrant 1.

-

!

Demand perspective
description

Consequences of adding the
demand perspective

Analytical tool developed from the
supply and demand perspective

l
Analytical tool developed from the

supply perspective

Theory:
___--.-!:yp~thes i~__~!!!in~L_. _

Research methodology and hypothesis

Hypothesis 1 is accepted, because empirical evidence is found that the demand perspective can be
described by product characteristics. Jan Dekker International adapts the decision whether to stock or
not to stock an item in the warehouse in the Netherlands to the product characteristics. Items, for
which it is assumed that they have a higher lead time competition, are stocked in the warehouse in the
Netherlands.
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The analytical tool developed from the supply perspective resulted in a matrix with on the axes the
coefficient of variance (CoV) and the turnover per month. The matrix is divided in four quadrants and
each quadrant recommends a CODP decision. Hypothesis 2 is accepted, because the theoretical
analytical tool developed from the supply perspective recommends the right CODP decisions in the
case of Jan Dekker International. With the support of quantitative measures CODP decisions for the
case of Jan Dekker International are determined, which correspond to the CODP decisions of the tool
developed from the theoretical point of view.

Hypothesis 3 is accepted, because by setting different CoV border for each product group, items are
positioned in a quadrant that better fits to the market characteristic. Finally, hypothesis 4 is accepted,
because the case study has provided empirical evidence that the demand perspective only has
consequences for MTS items of the quadrant that recommends MTO.

The case study has provided empirical evidence that the analytical tool is relevant in practice, because
it can be implemented to support the CODP decision at Jan Dekker International. The analytical tool is
developed from the theoretical point of view based on insights of the CODP literature. This means that
the tool is not only applicable at Jan Dekker International, but it could also provide guidelines for
other practical situations. The empirical results of the case study have lead to the following answers to
the research questions:

1. How should the demand perspective be described?

The demand perspective should be described as a product characteristic. The supply perspective is
described as well as a product characteristic, which leads to less complicated decision making. The
case study provided empirical evidence that it is possible to describe the demand perspective as a
product characteristic.

2. How should the demand perspective be included in the analytical tool supporting CODP
decisions?

The analytical tool developed from the supply perspective resulted in a matrix with on the axes the
coefficient of variance (CoV) and the turnover per month. The matrix is divided in four quadrants and
each quadrant recommends a CODP decision. By setting different CoY borders (i.e. borders that
separate items having a high CoV value from items having a low CoV value) among product groups
which are defined by the demand perspective, the demand perspective can be included. The case study
showed that by setting different CoV border for each product group, items are positioned in a quadrant
that better fits to the market characteristic. This simple adjustment is possible, because the demand
perspective can be described by product characteristics. In short, the demand perspective can be
included by accepting higher inventory levels for product groups that have a higher degree of lead
time competition.

3. What is the impact on the customer order decoupling point decision when the demand perspective
is included in the analytical tool?

When adding the demand perspective to the analytical tool developed from the supply perspective,
only the MTS items of the first quadrant are affected. This is confirmed by the empirical results of the
case study. The demand perspective "prevents" that these MTS are classed as MTO items. More
generally said, when the demand perspective is included in the analytical tool, MTS items that should
formerly be changed into MTO items, might now remain MTS items.

The analytical tool developed in this thesis has shown how the demand perspective should be
described and how this perspective can be included in the analytical tool developed from the supply
perspective. Analytical tools presented in the literature either mention that management judgment is
needed for each item or each product-customer combination, or no guidelines for management
judgment are given. This tool indicates exactly where management input is needed, meaning that not

Susanne Koster - Master thesis - January 2008 7
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all items should be analyzed by the management. Furthermore, the analytical tool provides guidelines
how the management judgment can be supported by quantitative measures. This insight considerably
decreases the management judgment that is needed.

The analytical tool shows that adding customer characteristics is not needed to describe the demand
perspective. It also indicates exactly where management input is needed to include the demand
perspective, meaning that not all items should be analyzed by the management. The analytical tool
provides a quick insight into the CODP decision. Management input is minimized to setting the
borders of the quadrant and the interpretation of the results after the quick insight of the analytical tool.
It is preferable to minimize management judgment in the analytical tool, because of the subjective
nature of this form of input. Different managers have different opinions. It is also very time
consuming for managers to include a lot of management judgment into the tool. In short, the analytical
tool developed in this master thesis has included the demand perspective of the CODP decision. It has
minimized the management judgment by means of using quantitative criteria as much as possible, by
means of indicating exactly where management input is needed to include the demand perspective,
and by providing guidelines how management judgment can be supported by quantitative measures.

The analytical tool should be a general tool, which can be applied in various practical environments. It
is aimed that this tool addresses the CODP decision in a theory driven way. Therefore, an analytical
tool has been developed based on the insights of the literature. It has not been developed in the context
of the case study to keep the tool a general tool. Then, the analytical tool has been implemented in
practice. The empirical research results showed that the tool is relevant in practice.

Susanne Koster - Master thesis - January 2008 8
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1. Introduction

Already in the seventies the Customer Order Decoupling Point (CODP) was developed by Hoekstra &
Romme (1992). In the nineties their originally Dutch book was translated into English and therefore
the attention on this topic has increased. But in the 21 sl century, researchers still remain interested in
conducting research in the CODP.

The customer order decoupling point is an analysis method how to match demand and supply. The
decision where to position the CODP in the value-adding process is a decision that goes beyond the
area of production planning and inventory management. It includes not only production and inventory
considerations, but it also includes marketing and sales characteristics. Analytical tools will be helpful
in supporting this complex CODP decision. Several analytical tools are presented in the literature.
These tools have their limitations. Most tools only take into account the production and inventory
considerations and not the marketing and sales characteristics. The literature provides little guidelines
how to add market characteristics to the analytical tools. This master thesis will extend the insights
obtained from previous analytical tools presented in the literature. It will first show why the analytical
tools, currently presented in literature, insufficiently include marketing and sales characteristics. Then
a new analytical tool will be developed, which includes production and inventory considerations as
well as marketing and sales characteristics. A case study is conducted, in which the tool is applied to
obtain empirical evidence how marketing and sales characteristics can be described and included in
the analytical tool. Also the consequences of including these characteristics on the CODP decisions
will be analyzed.

This section will first introduce the customer order decoupling point decision. In the literature the
CODP is defined in different ways. The CODP definitions are supplementary and the characteristics of
the CODP can be taken from these definitions. These characteristics will be described in Section 1.1.
Afterwards, the characteristics of the CODP decision and the decision variables will be described,
which leads to a definition of the CODP decision. This definition also includes the characteristics of
the CODP (Section 1.2). Finally, the research will be more detailed (Section 1.3).

1.1 The characteristics ofthe customer order decoupling point

In the CODP literature, the custom~r order decoupling point is defined in different ways. This section
describes the characteristics of the CODP, which can be taken from these definitions.

The first characteristic found in definitions of customer order decoupling points is that this point
assigns customer orders to products. Olhager & Ostlund (1990) define the CODP as "the point in the
manufacturing process where the product is assigned to a customer order". Ashayeri & Selen (2005)
define the CODP as "the point in the production process that indicates how deep an order penetrates
the flow of materials". Skipworth & Harrison (2006) use almost the same definition, except that they
define the application field in a broader way, i.e. "the point in the value-adding process where a
product is linked to a specific customer order". Olhager (2003) and Hallgren & Olhager (2006) agree
with these definitions by defining the CODP as "the point in the manufacturing value chain for a
product, where the products become linked to a particular customer".

Some authors explicitly mention the importance of the inventory buffer position that is associated with
the CODP. Blecker & Abdelkafi (2006) define the CODP as "the point that separates the pull and push
parts of the production system. At this point the company keeps inventories of subassemblies and
semi-finished products". Ashayeri & Selen (2005) have the following definition: "It is the point that
separates the activities based on forecasts from those based on orders, and impacts the subsequent
logistics structure. The CODP is an important buffer position in the supply chain." Wikner et al.

Susanne Koster - Master thesis - January 2008 9
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(2007) use the APICS definition, which is "the point where inventory is held to create independence
between processes or entities".

The previous definitions also show that the activities before and after the important buffer position are
different. Van Donk (2001) defines the CODP as "the point that separates the part of the organization
oriented towards activities for customer orders from the part of the organization based on forecasting
and planning or, in other words, how deeply the order penetrates into the goods flow". Giesberts &
Van der Tang (1992) focus on the production when defining the CODP as "the point in the goods flow
where forecast driven production and customer order driven production are separated". Rudberg &
Wilkner (2004) define the CODP as "the point that separates decisions made under uncertainty from
decisions made under certainty concerning customer demand".

To illustrate the characteristics the framework of Rudberg & Wikner (2004) is used (figure 1.1).
Within the value added material flow, in which raw materials are turned into finished products, the
triangle represents the customer order decoupling point. The triangle symbolizes the inventory buffer.
It can also be seen that the activities before and after the CODP are different. Decisions before the
CODP are based on speculations. Decisions after the CODP are based on commitment to customer
orders. This latter part also represents the customer assignment characteristic.

Speculation

Speculation

Speculation

Raw
materials

Commitment

Commitment

Finished
products

Figure 1.1 General framework of the CODP concept (Rudberg & Wikner, 2004)

Four possible CODP can be identified, resulting in the production strategies Make-to-Stock (MTS),
Assemble-to-Order (ATO), Make-to-Order (MTO), and Engineer-to-Order (ETO). In a MTS situation
end items are stocked, which means that when an order arrives, it can be immediately delivered if
stock is available. In an ATO situation only semi-finished items are stocked. In a MTO situation the
item is made, when a customer orders it. In an ETO situation a product is engineered when a customer
orders it.

1.2 The customer order decoupling point decision

This section describes how the CODP literature deals with the CODP decision. This will lead to a
definition of the CODP decision in which also the characteristics of the CODP are included, which
were described in Section 1.1.

Figure 1.1 shows that the value added material flow can be seen from two different perspectives, i.e.
the supply perspective and the demand perspective. These two perspectives determine where to
position the CODP for which a trade off should be made. Rudberg & Wilkner (2004) mention the
trade-off between productivity and flexibility. The authors argue that customers put two major
pressures on companies. "First of all, many customers want products that fit their specific needs

Susanne Koster - Master thesis - January 2008 10
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(flexibility), and second, customers are not willing to pay high premiums for these customized
products compared to competing standard products in the market (productivity)." According to
Rudberg & Wikner (2004) a company can not perform well on both flexibility and productivity, and
therefore a trade off should be made.

In older CODP papers the decision where to implement the CODP was based on only one criterion, Le.
demand pattern. Williams (1984) makes a distinction between fast movers, which are standard
products (make-to-stock) and slow movers (make-to-order). Slow movers should be made to order.

Nowadays, most authors agree that a trade off should be made, when deciding where a customer order
decoupling point should be positioned. According to Blecker and Abdelkafi (2006) a trade off should
be made between the level of customization and delivery time. Van der Vorst et al. (2001) make a
trade off between lead times and inventory.

Van Donk (2001) has studied the different decision variables described in the literature and classifies
these variables in three main categories Product, Market, and Process. The classification made in
Table 1.1 has detailed this classification. The class "Product" distinguishes product characteristics and
demand characteristics of a product. The class "Market" is not further detailed. The class "Process" is
divided in production, stock and supplier risk characteristics. This leads to the following categories:

Product: modular product design, product structure, customization
Demand: variability, predictability, number of customers per product
Market: speed and reliability of delivery, product range, penalty cost
Production: throughput, productivity, capacity utilization, production lead time, lead time
variation
Stock: holding costs, risk of obsolete stock
Supplier risk

Table 1.1 An overview of CODP decision variables
Author Product Demand Market Production Stock Supplier

Risks
Arreola-Risa & De Croix (1998) x x x x

Ashayeri & Selen (2005) x x x x x x
Huiskonen et al. (2003) x x

Olhager (2003) x x x x
Rudberg & Wikner (2004) x x

Skipworth & Harrison (2006) x x x x
Van der Vorst et al. (2001) x x

Van Donk (2001) x x x x x x

Table 1.1 shows that all authors take market characteristics into account. This variable has a
downstream effect on the CODP. The requirement that deliveries should be fast and reliable moves the
CODP closer to the customer. This variable is traded off against other variables, which poses
restrictions to moving the CODP downstream. Unpredictable demand, high capacity utilization and
set-up times, high holding costs, high risk of obsolete stock, and high supplier risks limit the
possibilities of moving the CODP as downstream as possible. In the remainder of this thesis, the
decision variables that have an upstream effect on the CODP are called the decision variables of the
supply perspective. The decision variables that have a downstream effect on the CODP are the
decision variables of the demand perspective.

Finally, the CODP literature remarks that the CODP decision is a strategically oriented decision.
Soman et al. (2004) state that the CODP decision is "a strategically oriented decision, which is
complicated due to various factors involved". Ashayeri & Selen (2005) agree that the CODP is a long
term decision, interfacing with the external environment through extensive market analysis, which
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serves as input for capacity planning. Soman et al. (2007) add that "no CODP decision can be claimed
optimal".

In the remainder of this thesis the following definition for the CODP decision will be used:

The customer order decoupling point decision is a strategically oriented decision how to match the
requirements ofthe demand perspectives and the supply perspective by making a trade offbetween
various decision variables in order to position an inventory buffer, which divides forecast and order

driven activities, and where the customer order is assigned to the product.

1.3 Research outline

The literature offers several guidelines concerning the decision where to position a customer order
decoupling point by means of defining the trade-offs and by describing decision variables. Analytical
tools that support the CODP decision are presented in the literature. These analytical tools will be
described in Chapter 2. This literature review will show that these tools mainly describe the supply
perspective of the CODP decision. This master thesis will therefore develop an analytical tool that
includes the supply as well as the demand perspective of the CODP decision. The master thesis will
create more insights in how to describe the demand perspective, and in how this perspective should be
included in the analytical tool. It will also create insights in the consequences for the CODP decision,
when the demand perspective is included. The research objective, the research questions and the
research methodology will be described in Chapter 3. Chapter 4 describes from the theoretical point of
view how the demand perspective should be described, how this perspective should be included in the
model, and what the consequences on the CODP decision are, when the demand perspective is
included in the analytical tool. This theoretical point of view on the analytical tool will lead to
hypotheses, which will be tested by means of a case study. Chapter 5 will describe the case study
conducted at Jan Dekker International. In Chapter 6 the analytical tool which is developed in Chapter
4 will be applied in the case study. The hypotheses set in Chapter 4 will be tested by means of a case
study. Finally, in Chapter 7 the theoretical and the managerial insights of the tools will be presented
and recommendations are made for further research.

Susanne Koster - Master thesis - January 2008 12



An analytical tool supporting customer order decoupling point decisions TU/e

2 Analytical tools presented in the literature

The introduction of the master thesis showed that the decision where to position the customer order
decoupling point (COOP) is a strategically oriented decision. A trade off should be made between
decision variables of the supply and the demand perspective. This chapter gives an overview of the
analytical tools supporting the COOP decision that are currently presented in the literature. It will
show that these tools are mainly developed from the supply perspective and that the literature provides
little guidelines for the demand perspective.

Not all the literature on the COOP addresses the decision where to position the customer order
decoupling point. For instance, Soman et al. (2004) consider the outcome of this decision as a given
and they investigate combined MTO-MTS production situations. Also Federgruen & Katalan (1999)
consider the outcome of the COOP decision as a given. They investigate the impact of adding a make
to-order item to a make-to-stock production system. This work is similar to the work of Carr &
Ouenyas (1998), who have focused on whether to accept or reject orders for MTO items and on
deciding contractual quantities for MTS items. Li (1992) has developed a model to investigate the role
of inventory on the lead time competition, which expand the scope of inventory models to include the
interaction between a company and its competitors. This master thesis will not elaborate on the impact
of the COOP decision on production systems and the lead times. It will focus on the COOP decision
itself, and in particular on the analytical tools supporting the customer order decoupling point decision.

The analytical tools presented in the literature can be classified in two categories, i.e. analytical tools
developed from the supply perspective, and analytical tools developed from the supply and the
demand perspective. The first group of tools only takes into account the decision variables that have
an upstream effect on the COOP. The second group of tools takes into account the decision variables
that have an upstream effect on the COOP as well as the decision variables that have a downstream
effect on the COOP. Section 2.1 will describe the analytical tools developed from the supply
perspective and Section 2.2 will describe the analytical tools developed from the demand perspective.
Section 2.3 will address the literature gaps regarding analytical tools supporting the customer order
decoupling point.

2.1 Analytical tools developed from the supply perspective

This section describes the analytical tools developed from the supply perspective. The decision
variables of this perspective have an upstream effect. Examples of decisions variables based on the
categories described in Table 1.1 and the effects of these variables are given below:

Product: The more customized the product, the more stock is needed to store all different products.
Customization therefore has an upstream effect on the COOP.
Demand: The more variable the demand, the more stock is needed to cope with the demand
uncertainty. Oemand uncertainty therefore has an upstream effect on the COOP.
Stock: The more costly it is to stock a product, the less attractive it is to stock that product. Higher
holding costs therefore have an upstream effect on the COOP.

Silver et al. (1998, pp 373-378) describe a basic model for the decision whether to stock or not to
stock an item. The decision rule is the following:
00 not stock the item if either of the following two conditions holds, otherwise stock the item:

A
c >--

S E(i)
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2AE(t)vr A
/----'--'-->--

E(i) E(i)

rU!e

(4.2)

Where,
Cs = system cost (file maintenance, forecasting etc.), in dollars per unit time of having the item stocked
A = fixed setup cost, in dollars, associated with a replenishment
E(i) = expected (or average) interval (or time) between demand transactions
E(t) = expected (or average) size of a demand transaction in units
v = unit variable cost of the item, in euros/unit
r = carrying charge in euros/euro/unit time

The decision rule takes into account the relevant cost of the stocking and the non-stocking situation,
which are, according to the authors, the holding costs, the ordering costs, and the system cost.

,----

A . 2AE(t)vr
The costs of nonstocking are--. The costs of stocking are Cs in equatIOn (4.2) or Cs +

E(0 E(0
in equation (4.2), which are the system costs for having an item stocked and the total relevant costs
(holding cost + ordering cost) when the economic order quantity is ordered. When the costs of
nonstocking are lower then the costs of stocking, then an item should not be stocked. The difference
between equations (4.1) and (4.2) is that in equation (4.1) only the system cost is taken into account,
while in equation (4.2) also the holding costs and ordering costs are taken into account. However,
when equation (4.1) is true, then automatically equation (4.2) is true. The decision rule is based on the
cost in which the economic order quantity is used. When determining this quantity, one assumes
deterministic demand. Therefore, the decision rule fits a situation with deterministic demand.

Williams (1984) was one of the first authors that addressed the question whether to stock or not to
stock a product in a stochastic environment. By means of a queuing model he investigates the
relationship between the manufacturing and demand uncertainties of products, and the production
capacity. This model has shown that the CODP decision should be based on one criterion: the demand
pattern. Williams (1984) makes a distinction between "fast movers" and "slow movers". Fast movers
are items that have a low demand variability. These items should be made to stock. Slow movers are
items that have a high demand variability. These items should be made to order.

Rajagopalan (2002) believes that it is too simplistic to make a CODP decision that is only based on
demand variability. In his model he allows other factors to impact this decision. The author has
developed a mathematical model that minimizes the inventory costs of a MTS items subject to the
service constraint of a MTO item. In this model capacity is taken into consideration and a trade off is
made. "Making an item to order reduces inventory for that item, but has negative impact on the other
items for the following reasons: There may be more setups, and hence higher capacity utilization; also,
the variability in order processing times may be higher" (Rajagopalan, 2002). In short, the inventory
levels are trade off against the number of setups. Rajagopalan (2002) makes a trade off for the CODP
decision, but this is not the trade off that is meant by the CODP. In Table 1.1 it could be seen that the
CODP literature does not make a trade off between production and inventory decision variables, but it
includes market characteristics. Therefore, the model of Rajagopalan does not make the trade off
between decision variables of the supply perspective and the demand perspective, but it takes only into
account the decision variables of the supply perspective.

D'Alessandro & Baveja (2000) have developed a matrix that supports the CODP decision, which is
based on demand variability. The matrix is shown in Figure 2.1. On the x-axis the average demand in
kilogram per period is taken. On the y-axis the coefficient of variance is shown, which is the standard
deviation of the demand divided by the average demand. Typical MTO candidates have a high CoV
value and a low average demand per period. Typical MTS candidates have a high average demand per
period and a low CoV value. In the case of a high CoV value and a high average demand per period
also MTS is recommended, but one should take into account higher inventory level and one should
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look for closer ties with customers. D'Alessandro & Baveja have linked demand variability to
inventory levels. Therefore, the authors implicitly make the CODP based on inventory considerations.
For the low CoV value and low average demand quadrant no recommendations are made. In the case
study in which the authors apply the matrix, this quadrant contains almost no products.

High

>
8

Low

01 02

MTS
MTO Higher inventory

Closer ties with customers

03 04

No COOP decision
This quadrant contains MTS

almost no products

Low High

Average demand per time period (kg)

Figure 2.1 Matrix supporting the CODP decision (D'Alessandro & Baveja, 2000)

Van Donk (2001) has explicitly mentioned suggestions for typical MTO candidates, which are:
Products contributing little or irregular work load to the manufacturing system, e.g. export orders
and tenders
Items with low set-up times
Items with high holding cost
Customized products
Highly perishable products

Difficulties with this list arise when determining what is low or high, so that a good distinction
between MTO and MTS items can be made.

Soman et al. (2007) have also applied the tool of Figure 2.1 in a case study. The authors mention the
difficulties that arise when drawing up the lines that partition high-demand items from the low
demand items and high-demand variability and low demand variability. They advise that sales and
production departments should jointly decide how these lines should be defined. The matrix is applied
in the food processing industry and the line that separates low-demand from high demand is based on
the batch size. D'Alessandro & Baveja (2000) mention a reason why the batch size is used to partition
the y-axis. The authors have found a significant positive correlation between manufacturing yield and
frequency of production. Batch sizes that cover the demand of more than one week showed production
yields that were consistently high. It is not clear how the y-axis is partitioned by Soman et al. (2007).
It is possible that they use the same partitioning as D'Alessandro & Baveja (2000). These authors have
used an 80/20 approach to separate high variability products from low variability products, because
the authors argue that much of the academic and practice literature suggest that this Pareto principal is
an effective method for segregating products.

The authors that have presented analytical tools developed from the supply perspective take into
account decision variables that pose restrictions to the downstream movement of the customer order
decoupling point. The most explicitly used decision variable is demand variability, which is used by
Williams (1984), Rajagopalan (2002), D'Alessandro & Baveja (2000), Soman et al. (2007), and Van
Donk (2001). Three authors link the demand variability to inventory. D'Alessandro & Baveja (2000)
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and Soman et al (2007) mention the consequences of the CODP decision for the inventory in the
matrix of Figure 2.1. Rajagopalan (2002) explicitly takes into account the inventory by describing the
CODP decisions as a minimization function of the inventory cost. Soman et al. (2007) and
D'Alessandro & Baveja (2000) implicitly take into account production characteristics by setting one
of the borders of their matrix on the value of the batch size. In short, to represent the decision variables
of the supply perspective, the literature mostly uses inventory levels, for which the quantitative
criterion demand variability is used.

For the customer order decoupling point decision a trade off should be made between the decision
variables of the supply perspective and of the demand perspective. A criticism on analytical tools
developed from the supply perspective is therefore that they only model a part of the CODP decision
making. Silver et al. (1998) acknowledge that the stock/no stock decision is a decision that goes
beyond the area of production planning and inventory management, but he does not make any
recommendations how to add decision variables of the demand perspective.

Soman et al. (2007) and D'Alessandro & Baveja (2000) make recommendations on the demand
perspective. Soman et al. (2007) address the issue that decision variables of the demand perspective
are not included in the CODP decision. The authors advice that the sales department can influence the
decision by shifting the partitioning lines and by discussing whether a certain item can be shift from
MTO to MTS and vice versa. They therefore mention that adding customer characteristics is the result
of management judgment.

The CODP decision affects the lead time to the customer. D'Alessandro & Baveja (2000) mention two
problems with this phenomenon: "First, how should be determined what would be an appropriate lead
time that ensures adequate customer service (on-time-delivery), and second, how to get customers to
accept longer lead times (and potentially higher levels of inventory)." The authors mention that as the
front-line interfaces with customers, customer service representatives (CSRs) would be responsible for
managing the new business policies, but sales and marketing would have to educate customers and
emphasize the value of the policies at every opportunity. They believe that lead time is a part of the
negotiation process and that customers should be educated.

Soman et al. (2007) and D'Alessandro & Baveja (2000) both mention that additional judgment is
needed to take into account the demand perspective. A criticism is that it is too simplistic to say that
additional judgment is needed. Certainly in the case of the CODP decision in which the demand
perspective is an essential part of the decision making. No guidelines are mentioned how this
additional judgment should be done. Section 2.2 will therefore describe the analytical tools that are
developed from the supply and the demand perspective that are currently known by literature.

2.2 Analytical tools developed from the supply and demand perspective

This section describes the analytical tools that are developed from the supply and the demand
perspective.

Huiskonen et al. (2003) has extended the matrix of Figure 2.1 by adding explicitly market
characteristics. The framework in Figure 2.2 shows how this is done. In their framework they first
analyze product characteristics (demand pattern and sales volume), and after a qualitative analysis of
the customer attractiveness is done. Then the customers are grouped. The customer and product
analyses are combined to decide which product/market combinations are MTO or MTS.
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Figure 2.2 Framework for MTO/MTS decisions (Huiskonen et aI., 2003)

Figure 2.3 shows the 2-dimensional matrix that is used at stage 1 of the framework. The matrix of
Figure 2.3 is similar to the matrix of Figure 2.1. The y-axis distinguishes discrete and continuous
demand, which is determined by the inventory turnover rate. Both the inventory turnover rate and the
CoV of Figure 2.1 indicate demand patterns. On the x-axis the annual sales volume is shown. In
Figure 2.1 the monthly sales volume is taken. The boundary values are based on management
judgment and ABC analyses, but it is not detailed how this is done.

Typical MTS items have continuous demand and high annual sales volume, which is like the matrix in
Figure 2.1 where typical MTS have a low CoY value and a high average demand per period. Typical
MTO items have discrete demand and low annual sales volume in Figure 2.3. This is not like in Figure
2.1, where typical MTO items have a high CoV and a low average demand per time period. The
authors of Figure 2.1 and 2.3 disagree on the quadrant high average demand (high annual sales
volume) and high CoY value (discrete demand). Figure 2.3 shows that MTS is unacceptably expensive
and products should be made to order. Figure 2.1 shows that MTS is recommended, but that one
should take into account higher inventories and that the company should strive for closer ties with
customers in this situation. The matrix of Figure 2.1 has been applied in case studies of companies
where capacity is limited. A possible explanation is that in these cases higher inventory levels are
accepted, because capacity restrictions are a more important issue. Huiskonen et ai. (2003) do not
describe the characteristics of the company of their case study. Huiskonen et ai. (2003) recommend
two decisions, i.e. "potential periodical make to order products" and "potential products to be
discarded", which are not part of the 4 different CODP production strategies (MTS, MTO, ETO, and
ATO). The authors do not describe what is exactly meant by "periodical make to order". Potential
products to be discarded are described as products that should be produced uneconomically, since the
production lot sizes need to be small. A criticism is that it is not clear why the authors have chosen
other production strategies than those that are presented in the CODP literature.
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Figure 2.3 Matrix supporting the CODP decision (Huiskonen et a\., 2003)
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Figure 2.4 shows the customer attractiveness analysis (stage 2 of the framework), which is used by
Huiskonen et a\. (2003) to include market characteristics in the CODP decision. On the x-axis the
customer purchasing volume is shown. On the y-axis the customer purchasing potential is shown,
which is qualitatively evaluated by management. An assumption is made that customer purchasing
potential is determined by the service level and delivery time that the company offers. The matrix is
divided into four quadrants. Each of the quadrants represents a customer group, i.e. new opportunities,
utilizers, chance customers, and partners. A short description of each group can be found in the matrix
of Figure 2.4. Huiskonen et a\. (2003) neither describe how the values of the customer purchasing
potential and the customer purchasing volume are determined, nor how the borders of the four
quadrants are drawn up.
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Figure 2.4 Customer attractiveness analysis (Huiskonen et aI., 2003)
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Huiskonen et al. (2003) assumes that the importance of delivery time as an order-winning criterion for
a specific customer is different in each group. In stage 3 of their framework the customers are grouped
in 3 new groups "improve", "maintain", and "reduce" customers. For the "improve" group, which
contains "utilizers" and "new opportunities", the delivery service should be improved, because the
authors assume that these customers have a high potential for additional business. For the "maintain"
group, which contains the "partners", delivery service should be maintained, because the authors
assume that the current lead time service is sufficient. For the "reduce" group, which contains "chance
customers", delivery service should be reduced, because the authors assume that the risk of missing
any important business is very small. The classification is based on management judgment.

In stage 4, the two matrices of Figure 2.3 and 2.4 are combined to determine the inventory strategy.
For each product-customer group combination it is decided whether the item should be made to stock
or to order. According to Huiskonen et al. (2003) this should be a management decision. Because 2
matrices are used, each containing four quadrants, 16 different CODP decisions are possible. The
analysis is therefore very extensive and it requires a lot of managerial input. The model is applied in a
small firm with 185 items and 384 customers. A drawback is that companies with a larger product
range have trouble finding resources to do this analysis. Furthermore, Huiskonen et al. (2003) do not
describe all 16 possible inventory strategies. Only the quadrants of potential MTO items and the
potential periodical MTO items were evaluated, which are respectively 17 and 27 items. It is
mentioned that these quadrants are chosen as an example to show the results of the analysis. A
criticism is therefore that the framework developed by Huiskonen et al. (2003) is complex in terms
that 16 possible inventory strategies exist, and incomplete because not all these 16 possible strategies
are described.

More simple analytical tools are also presented in the literature. In Figure 2.5 a matrix developed by
Olhager (2003) is shown. On the x-axis the P/D ratio is shown, which is the production to delivery
time ratio. On the y-axis the relative demand volatility is shown, for which coefficient of variance
(CoV) is used. The CoY is the standard deviation of the demand divided by the average demand.
Based on the matrix the customer order decoupling point is positioned. Typical MTS items are items
with a low CoY, and a high P/D ratio. Typical MTO items are items with a high CoY, and a low P/D
ratio. The quadrant in Figure 2.5 that corresponds to high demand volatility and a high P/D ratio is the
least desirable and an intermediate solution is recommended, i.e. Assemble-to-Order.

It is not clear why CoV and the P/D ratio are used to represent the decision variables. The matrix is not
applied in a case study. Another criticism is that the article does not make clear how the P/D ratio is
determined. Furthermore, it might be possible that customers always desire a delivery lead time that is
shorter than the production lead time. In this case the P/D ratio will be larger than 1 for all items.

Relative
dernand
volatiUty

HIgh

Low

MTO

1'.1TO
(ATO)

MTS

P/D < 1

ATO

MTS

pm:> 1
.. PID ratio

Figure 4.3 Matrix supporting the CODP decision (Olhager, 2003)
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The model of Arreola-Risa & DeCroix (1998) takes into account the inventory and backorder cost of
an item. The authors prove that it is optimal to make-to-order product i if and only if:

~? Al (2.3)
Pi

with,
hi the unit inventory cost rate of product i
Pi the unit backordering cost of product i
Ai the average demand per unit time for product i

This mathematical model takes the inventory costs as a decision variable from the supply perspective
and the backorder costs as a decision variable from the demand perspective. The model is similar to
the matrix of Figure 2.1. D'Alessandro & Baveja (2000) mention that items with a high CoV cause
high inventory levels. They compare the CoV to the average demand per month. This is also done in
formula 2.3: the inventory costs are weighted to the average demand per unit time. The difference is,
however, that a "demand perspective variable p/' is used, which represents the importance of having
an item on stock, because it represents the backordering costs. A high Pi means that the item is earlier
classified as a MTS item. Arreola-Risa & DeCroix (1998) do not describe how Pi is determined.
Therefore, the criticism on this model is the same criticism as on the analytical tool of Figure 2.1. The
analytical tool provides too little guidelines how to add the decision variables of the demand
perspectives.

2.3 Literature gaps

Not all CODP literature discusses the CODP decision itself. A part of the literature take the result of
the CODP decision making as a given. For instance the CODP literature investigates the effects of
adding a make-to-order item to a make-to-stock production system, or whether to accept or to reject
orders for MTO items. This master thesis will not elaborate on the impact of the CODP decisions on
production systems or lead times, but it will focus on the CODP decision itself. In particular, it will
focus on the analytical tools supporting the customer order decoupling point decision. Based on the
literature review the following observations can be made:

• The literature does not provide sufficient guidelines how the demand perspective can be
described.
Only a handful of analytical tools consider the supply as well as the demand perspective of the
CODP decision. The demand perspective of the CODP decision is included in the analytical tools
of Arreola-Risa & DeCroix (1998), and Olhager (2003). However, both papers insufficiently
explain how the demand perspective can be described. The analytical tool of Huiskonen et al.
(2003) describes the demand perspective, but according to the authors this perspective needs a lot
of management judgment to obtain a representative image. Quantitative criteria to distinguish the
customer groups are missing. Furthermore, Huiskonen et al. (2003) argue that the supply
perspective is based on product characteristics, while the demand perspective is based on customer
characteristics, which leads to complex decision making since a lot of product-customer
combinations exist.

• The literature prescribes insufficiently how the supply and the demand perspective should
be combined.
In Huiskonen et al. (2003), combining the two perspectives has lead to 16 product-customer
combinations and therefore 16 different CODP decisions. These different decisions are
complicated to manage and only partly described.
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• The literature gives little guidelines how the customer order decoupling point decision
changes when the demand perspective is added in the analytical tool.
Huiskonen et al. (2003) have only detailed the changes for 8 of the 16 product-customer
combinations. They have made no recommendations how the CODP decision for the other 8
product-customer combinations should be made.

This master thesis will address these three literature gaps. The next chapter will describe the research
questions and the research method.
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3. Research questions and methodology

This chapter describes the research project. Section 3.1 describes the research objective and the
research questions that resulted from the literature gaps defined in Chapter 2. Section 3.2 explains the
methodology that is used to find answers on the research questions.

3.1 Research objective & research questions

This section describes the research objective and the research questions of the master thesis project.
Both the research objective and the research questions follow from the literature gaps defined in
Chapter 2.

The literature review conducted in Chapter 2 has revealed the following literature gaps:
• The literature does not provide sufficient guidelines how the demand perspective can be described.
• The literature prescribes insufficiently how the supply and the demand perspective should be

combined.
• The literature gives little guidelines how the customer order decoupling point decision changes

when the demand perspective is added in the analytical tool.

These gaps indicate that it will be a contribution to the literature when an analytical tool will be
developed that supports the customer order decoupling point decision, which does not only take into
account the supply perspective, but also the demand perspective. This analytical tool will provide
guidelines how to describe the demand perspective. It will show how the demand perspective should
be included and it explains the consequences of adding the demand perspective. The research
objective will therefore be:

Research objective

Develop an analytical tool that supports the customer order decoupling point decision from the
supply and the demand perspective

To reach this research objective, three research questions are formulated. These research questions
follow directly from the literature gaps.

1. How should the demand perspective be described?
2. How should the demand perspective be included In the analytical tool supporting CODP

decisions?
3. What is the impact on the customer order decoupling point decision when the demand perspective

is included in the analytical tool?

3.2 Research methodology

This section describes the research methodology that will be used to reach the research objective and
to answer the research questions.

The analytical tool should be a general tool, which can be applied in various practical environments. It
is aimed that this tool addresses the CODP decision in a theory driven way. First, an analytical tool
will be developed based on the insights of the literature. Then, the analytical tool will be implemented
in practice. To obtain empirical evidence it is chosen to use a case study.
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One could argue that a case study provides too little evidence to validate the analytical tool. It is,
however, aimed for a tool, which is applicable in practice. Therefore, it should be verified whether the
tool is relevant in practice. By means of a case study it can be verified whether the analytical tool is
relevant in practice. It could also be argued that the analytical tool will be too context bound, when it
is developed by means of a case study. Therefore, it is chosen to first develop the tool by means of the
current insights of literature. Based on these insights new ideas are developed. The case study tests the
new theoretical insights of the analytical tool. Therefore, the tool will be more general applicable and
less context dependent. The case study is used to obtain empirical evidence whether the tool can be
implemented in practice. Furthermore, (Voss et aI., 2002) mention the following reason to use a case
study: "the case method allows the questions why, what, and how, to be answered with a relatively full
understanding of the nature and complexity of the complete phenomenon". One of the aims of the
study is to understand the demand perspective and to find out how this perspective should be described.
The case study allows that the demand perspective will be understood in the complexity of the
customer order decoupling point decision.

The research methodology to develop the analytical tool is depicted in Figure 3.1.

Theory:
hypothesis setting

Practice:
hypothesis testing

Demand perspective A 1\ Demand perspective
description

\r..~ v description

t
A 1\

~
Analytical tool developed Customer order

from the supply perspective ~ v decoupling point decisions

~ tAnalytical tool developed A 1\
Method to add thefrom the supply and ~ v

demand perspectivedemand perspective

~ !
Consequences of adding /1 1\ Changes in

the demand perspective ~ v COOP decisions

Figure 3.1 Research methodology

Figure 3.1 depicts two columns, i.e. a theoretical and a practical column. First, the analytical tool will
developed by the steps of the theoretical column. The theoretical column contains four steps, and each
step leads to a hypothesis, that will be tested in practice.

The first step of the theoretical column will describe the demand perspective. This step addresses the
first research question. This step criticizes the demand perspective descriptions that are currently
presented in the literature, and it develops a new description. This new description leads to a
hypothesis. In practice it will be tested whether the new demand perspective description fits well to the
CODP decision.

In the second step, an analytical tool developed from the supply perspective will be presented. This
tool is based on insights of the tools presented in the literature, and it serves as a basis tool to which
the demand perspective will be added. The analytical tool developed from the supply perspective will
lead to CODP decisions. It will be tested whether these CODP decisions fit to the practical situation.
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In the third step an analytical tool developed from the supply and demand perspective will be
presented. This step addresses the second research question. A method is developed that integrates the
demand perspective, described in step 1, into the analytical tool developed from the supply perspective,
presented in step 2. This method will be tested in practice.

Finally, in step 4 the last research question will be addressed. From the theoretical point of view the
consequences to the CODP decision will be investigated when the demand perspective is added to the
analytical tool. It will be tested in practice whether these changes in CODP decisions actually take
place.

Step 1, 3, and 4 will lead to answers to the research questions. The result of the research methodology
is an empirically tested analytical tool developed from the supply and the demand perspective, which
will mean that the research objective is reached.

Chapter 4 will present the analytical tool that is developed from the theoretical point of view. Chapter
5 will describe the case study and in Chapter 6 the empirical results of the hypotheses test will be
presented. Chapter 7 concludes by describing the theoretical and managerial insights of the analytical
tool, and suggestions for further research are made.
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4. Analytical tool supporting customer order decoupling point
decisions

To answer the research questions an analytical tool supporting customer order decoupling point
decisions will be developed. The research methodology described in Chapter 3 will be followed. First,
the demand perspective will be described in Section 4.1. In Section 4.2 an analytical tool developed
from the supply perspective will be presented. In Section 4.3 the demand perspective is added to the
tool of Section 4.2. It is shown how the demand perspective is included in the tool and what the
consequences for the CODP decision will be. In Section 4.4 recommendations are made regarding the
implementation of the analytical tool. In Section 4.5 the analytical tool will be discussed. Finally, in
Section 4.6 the theoretical part of the master thesis is concluded by setting hypotheses for the
empirical study.

4.1 Demand perspective

The demand perspective contains the decision variables that have a downstream effect on the customer
order decoupling point. In Chapter 2 it can be read that the literature does not provide sufficient
guidelines how the demand perspective can be described. This section will therefore provide
guidelines how the demand perspective should be described. These guidelines lead to a hypothesis that
will be tested by means of empirical research results of the case study. The section explains how the
demand perspective should be described.

Only a handful of analytical tools consider both the supply and the demand perspective of the CODP
decision. The demand perspective should describe why certain items should be positioned more
downstream than others. The demand perspective of the CODP decision is included in the analytical
tools of Arreola-Risa & DeCroix (1998), and Olhager (2003). However, both papers insufficiently
explain how the demand perspective should be described. In Section 2.2 it can be read that both
Arreola & DeCroix (1998) and Olhager (2003) assume that this depends on the item characteristics.
Arreola & DeCroix (1998) state that for each item the backordering cost Pi can be determined, which
is shown in formula (2.3). Olhager (2003) assumes that for each item a PID ratio can be defined,
which is the ratio of the production time and the delivery time.

Huiskonen et al. (2003) have a different opinion. These authors were the only authors who have
described the demand perspective in more detail. Their analytical tool assumes that the demand
perspective is based on customer characteristics; i.e. different customers demand different levels of
logistical service. According to the authors, the demand perspective should be described by means of
customer characteristics. "When attempting to locate inventories so that customer service
improvements are directed to the most important customers, a supplier has to analyze what the relative
importance of different customers is to its business. The most relevant factors to determine this are the
customer's profit contribution, total purchases from the supplier, and the growth potential of the
business with the supplier" (Huiskonen et aI., 2003). The analytical tool has leaded to complex
decision making, since a lot of product-customer combinations exist (16 in total). Therefore, the
following question arises: Should the description of the demand perspective be based on customer or
item characteristics?

Huiskonen et al. (2003) describe only the importance of the customer to the supplier. The importance
of the supplier to the customer is not taken into account. It is reasonable that shorter lead times should
be offered to more important customers, because the supplier does not wish to lose these customers.
However, the probability of losing the customers depends on the degree to what short lead times are a
competitive advantage. As lead time competition increases, the supplier is more forced to shorten the
lead times. Li (1992) has investigated the role of inventory in delivery time competition. His analysis
shows that lead time competition can breed a demand for MTS. The customer order decoupling point
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should therefore be positioned more downstream in the supply chain in the case of stronger lead time
competition.

When taking the lead time competition aspect into account, it makes less sense to describe the demand
perspective based on customer characteristics. When a product is offered by multiple suppliers, the
lead time needs to be short to obtain competitive advantage. Therefore, it is more logical that the
description ofthe lead time competition is based on product characteristics.

The supply perspective of the analytical tools presented in the literature is described by product
characteristics. In the analytical tool developed from the supply perspective of Section 4.2, this
perspective will therefore also be described by product characteristics. In Section 2.2, it can be read
that Huiskonen et al. (2003) use customer characteristics to describe the demand perspective.
Combining the two perspectives had lead to 16 product-customer combinations and therefore 16
different CODP decisions. These different decisions are complicated to manage and only partly
described. It is therefore preferable to describe both the supply and the demand perspective by product
characteristics, because less CODP decisions should be defined, making the analytical tool better
manageable. Section 4.5 will discuss the issue of the omission of customer characteristics in the
analytical tool.

In short, the demand perspective should be described by the degree of lead time competition. This
decision variable is like the decision variables of the supply perspective a product characteristic, which
leads to less complex decision making. Stronger lead time competition has a downstream effect on the
customer order decoupling point. Empirical evidence for this theoretical observation will be presented
by means of a case study. The following hypothesis will be tested:

Hypothesis 1

The demand perspective should be described by product characteristics.

4.2 Analytical tool developed/rom the supply perspective

In Chapter 2 it can be read that most analytical tools are developed from the supply perspective. The
decision variables of the supply perspective pose restrictions to the downstream movement of the
customer order decoupling point. In Section 2.1, it can be remarked that to represent the decision
variables of the supply perspective, the literature uses mostly inventory levels, for which the
quantitative criterion demand variability is used. This section develops the analytical tool from the
point of view of the supply perspective. First, quantitative criteria are chosen for the inventory levels.
Then, the form of the analytical tool is presented. Finally the customer order decoupling point
decisions are presented in the tool.

As quantitative measure of the inventory levels the inventory investment (value of the inventory in
Euros) is chosen. When stocking an item inventory levels should be chosen in such a way that they
fulfill the average demand during the replenishment period plus a certain safety stock to cope with
demand uncertainty. Obviously, items that generate more turnover need more inventory investment,
because the average demand per replenishment period is high. Also items with variable demand
patterns need more inventory investment, because the safety stock level needs to be set high to obtain
a certain service level, i.e. the percentage of orders that can be fulfilled immediately from stock. It is
preferable to stock items with regular demand, because safety stock levels are not high compared to
the stock needed to cover the average demand.

For demand variability the quantitative measure coefficient of variance (CoV) is taken. The CoY is the
standard deviation of the demand divided by the average demand. When the demand is fluctuating
more heavily, the CoV will be higher, because the standard deviation of the demand will be relatively
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high compared to the average demand. More variable demand requires higher inventory levels to reach
the desired service level. Therefore, the coefficient of variance gives an indication of the investment
needed for safety stock. The CoV is a measure that is easier to calculate than the needed safety stock
levels. The inventory level calculation is based on assumptions about order moments and order sizes.
Therefore, the CoY is taken as a measure for "inventory investment". The CoY avoids making false
assumptions, while it is giving a good indication of the investment needed for safety stock. The CoV
value of an item will be compared to the average turnover to get an insight whether an item needs a
relatively high inventory investment or not.

A two-dimensional matrix is chosen as a form for the analytical tool supporting customer order
decoupling point decisions. This is done, because two criteria determine the needed inventory
investment, Le. CoV and the average turnover per time period. Also, because the customer order
decoupling point decision is a strategically oriented decision, a matrix form is practical. The matrix
can be seen as a portfolio, which easily and clearly shows where a certain item is positioned. The
matrix is divided into 4 quadrants and for each of these quadrants a different CODP strategy will be
recommended. The matrix is shown in Figure 4.1.
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Figure 4.1 Analytical tool developed from the supply perspective

The matrix of Figure 4.1 is similar to the matrices presented in the literature (Figure 2.1 of
D'Alessandro & Baveja (2000) and Figure 2.3 of Huiskonen et al. (2003). The y-axis represents the
demand variability. D'Alessandro & Baveja (2000) use the CoV. Huiskonen et al. (2003) chose to use
the inventory turnover rate. In Figure 4.1 it is chosen to represent the demand variability by the
coefficient of variance. On the x-axis Huiskonen et al. (2003) chose to use the annual sales volume in
Euros (this means the turnover) and D'Alessandro & Baveja (2000) use the average demand per
period expressed in weight. It is chosen to use the average turnover per time period in Euros, because
this better fits the decision variable inventory investment, since this decision variable is also expressed
in Euros. The CODP decisions that follow from the analytical tool of Figure 4.1 will be compared to
the tools of Huiskonen et al (2003) and D'Alessandro & Baveja (2000).

In the first quadrant, the items have a high CoV value and a low turnover per month. This means that
these items need a relatively high inventory investment, but they do not generate much turnover. This
quadrant has the least favorable conditions to stock items. Therefore, these items should be made to
order. The first quadrant corresponds to quadrant 1 of Figure 2.1 and quadrant d of Figure 2.3.
D'Alessandro & Baveja (2000) recommend that the items of the quadrant should be made to order.
Huiskonen et al. (2003) recommend that the items of this quadrant should be discarded. Since this
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latter recommendation is not a part of the CODP decision, the recommendation of D'Alessandro &
Baveja (2000) is followed.

The forth quadrant has the most favorable conditions to stock items, i.e. a low CoV value and a high
average turnover per month. The items in this quadrant should therefore be made to stock. This
quadrant corresponds to quadrant 4 of Figure 2.1 and quadrant a of Figure 2.3. Both figures
recommend MTS for this quadrant. Therefore quadrant 4 of Figure 4.1 will also recommend MTS.

For the second quadrant, representing a high CoY value and a high average turnover per month, it is
not obvious which CODP decision should be made. For this quadrant relatively much inventory
investment is needed compared to the turnover that is generated. This quadrant corresponds to
quadrant 2 of Figure 2.1. For this quadrant D'Alessandro & Baveja (2000) recommend MTS, but one
should take into account higher inventory levels and one should look for closer ties with customers.
The quadrant is also similar to quadrant c of Figure 2.3. Huiskonen et al. (2003) recommend that for
this quadrant making items to stock is unacceptably expensive. However, the authors also mention that
it is preferable to stock items for important customers, i.e. customers that generate or will generate a
large part of the turnover. The same reasoning can be followed for items instead of customers.
Because the items of the second quadrant in Figure 4.1 generate a large part of the turnover, it is
chosen that these items should be made to stock, but one should take relatively high inventory
investment into account.

Finally, for the third quadrant, it is recommended to make no CODP decision. The items of this
quadrant generate a low turnover, but they require only low inventory investments. It's not worthwhile
to further analyze these items, because they neither have a large impact on the turnover nor on the
inventory investment. The third quadrant corresponds to quadrant 3 of Figure 2.1, where also no
changes are made, because in the case study of Alessandro & Baveja (2000) almost no items are
positioned in this quadrant. The third quadrant also corresponds to quadrant b of Figure 2.3.
Huiskonen et al. (2003) recommend making to order the items of this quadrant periodically. Since this
recommendation is not part of the CODP decision, it is chosen to make no CODP decision for the
items of this quadrant as in Alessandro & Baveja (2000).

The analytical tool developed from the supply perspective has leaded to a matrix, which can be
divided in four quadrants. Each quadrant recommends a customer order decoupling point decision.
This has lead to the formulation of hypothesis 2, which is depicted below. Empirical evidence will be
gathered to test this hypothesis.

Hypothesis 2

The four quadrants of the analytical tool developed from the supply perspective represent the right

CODP decisions.

4.3 Analytical tool developed from the supply and demand perspective

In Section 4.1 it can be read that the demand perspective will be described by the degree of lead time
competition. Stronger lead time competition has a downstream effect on the customer order
decoupling point. This decision variable is a product characteristic. Therefore, product groups will be
created. Each group represents a different degree of lead time competition. This section will show how
the supply and demand perspectives are integrated into one analytical tool supporting the customer
order decoupling point decision.

From the point of view of the demand perspective it is desirable that items which are classed in the
group, that has a high degree of lead time competition, will be made to stock. For items that are
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classed in the group that has a low degree of lead time competition, the need to make these items to
stock is less strong. To integrate these requirements in the analytical tool developed from the supply
perspective, it is chosen to differentiate the borders, which separate the items having a low CoV value
from the items having a high value, among product groups. For product groups that have a high lead
time competition, the CoY border will be set high. For product groups that have a less strong lead time
competition, the CoY border is set low. This leads to hypothesis 3, which will be tested in the case
study.

Hypothesis 3

The demand perspective should be added by setting different CoV borders for each product group.

When heightening the CoV borders for certain product groups, consequences for the outcome of the
CODP decision exist. Items that were formerly positioned in quadrant 2, might be positioned in
quadrant 4. However, since for both quadrants MTS is recommended, it will have no consequences for
the outcome of the CODP decision. Items that were formerly positioned in quadrant 1, might be
positioned in quadrant 3. The outcome of the CODP decision might change. A MTS item that was
formerly positioned in quadrant 1 should be changed into a MTO item when applying the analytical
tool developed from the supply perspective only. When taking into account the demand perspective,
the item might be positioned in quadrant 3, which means that the item remains a MTS item.

It is not desirable to have a matrix for each product group, because this is complicated to manage. For
each different product group 4 new CODP decision should be taken. It is also not necessary to have a
matrix for each group, because adding the demand perspective to the analytical tool has only
consequence for the CODP decision of the items of quadrant 1. Therefore, only one CoY border
should be maintained, i.e. the CoV border of the product that has the least strong lead time competition.
This is the border that has the lowest CoV value. The advantage is that not all items should be classed
into product groups according to their degree of lead time competition. Only the MTS items in
quadrant 1 should be analyzed, whether the MTO status is feasible for them when taking into account
the degree of lead time competition. The analytical tool developed from the supply and demand
perspective is presented in Figure 4.2. The only difference compared to the analytical tool developed
from the supply perspective is that the MTS items of quadrant 1 should be further analyzed whether
MTO is possible when taking into account the lead time competition.
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Figure 4.2 Analytical tool developed from the supply and demand perspective
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The consequences of adding the demand perspective to the analytical tool will be tested by means of
hypothesis 4.

Hypothesis 4

The demand perspective only has consequences for MTS items of quadrant 1.

4.4 Implementation ofthe analytical tool

This section describes how the analytical tool should be implemented. It explains which data are
needed, and how the borders of the analytical tool should be set.

To determine the value of an item on the x-axis and y-axis demand data should be used. It is chosen to
use the monthly demand data. Annual demand data is too imprecise and weekly demand data will be
too detailed to fit the strategically oriented CODP decision. The coefficient of variance (CoV) can be
determined by the following formula:

Co V = (J"(demand per month) in €

average demand per month in €

The monthly demand data will also be used to determine the x-axis, i.e the average turnover per month
in €.

The borders should be set by means of management judgment, but quantitative criteria are able to
support the judgment. To determine what should be considered as a low or high turnover per month,
the ABC-turnover analysis can be used. In the ABC-turnover analysis, the items are classed in A, B,
and C items based on the turnover they generate. A items generate the largest part of the turnover, and
C items generate the lowest part. The border can be set in such a way that items that are classed as A
and B items will be considered as items having a high average turnover per month, while C items will
be considered as items having a low average turnover per month. The border that distinguishes items
having a high CoY from the items having a low CoY can be set in a similar way, i.e. by using an
ABC-CoV analysis.

MTS items that are positioned in quadrant 1 of the tool should be changed into MTO items dependent
on the lead time competition of an item. Managers should judge whether it is feasible to change these
MTS items into MTO items, but quantitative criteria can help to distinguish product groups based on
the degree of lead time competition. Examples of quantitative criteria to distinguish these products
groups are the number of competitors. If the number of competitors is higher, the lead time
competition will be stronger. A disadvantage of this criterion might be that it is complicated to count
the number of competitors for each product. Another qualitative criterion is the margin of a product,
which is the difference between the selling price and the cost price. When the lead time competition is
stronger, it might be that the competition is in general stronger, and therefore the margin is smaller.
Another criterion is the selling price. A more expensive product is seen as a more special product,
which is offered by fewer competitors. Less expensive products are seen as commodities, which are
offered by a lot of suppliers. The selling price therefore represents the degree of lead time competition.

4.5 Discussion ofthe analytical tool

The analytical tool developed in this chapter has shown how the demand perspective should be
described and how this perspective can be included in the analytical tool developed from the supply
perspective. The tool also shows the consequences on the CODP decision when the demand
perspective is added. This section discusses the analytical tool developed from the supply and demand
perspective.
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In Figure 4.2 it can be seen that the demand perspective has only lead to a minor change compared to
the tool in Figure 4.1. Only the MTS items in quadrant 1 need management judgment when taking into
account the demand perspective. Analytical tools that are currently presented in the literature either
mention that management judgment is needed for each item or each product-customer combination, or
no guidelines for management judgment are given. This tool indicates exactly where management
input is needed, meaning that not all items should be analyzed by the management. Furthermore, the
analytical tool provides guidelines how the management judgment can be supported by quantitative
measures. This insight considerably decreases the management judgment that is needed.

Off course, the tool remains a tool and one can not blindly rely on the recommendations of the tool.
The items should be further analyzed before making the CODP decision. For instance, a reason not to
class a MTO item as a MTS item when the tool recommends MTS, is that the item is too perishable
and the risk for obsolete stock is too high. A reason not to class a MTS item as a MTO item might be
that an item has a sales potential in the coming months, while it has not been sold much before.
Another reason might be that the MTS item is sold to an important customer.

Huiskonen et al. (2003) have included these latter two criteria (sales potential and importance of
customer) in their analytical tool. The authors prescribe that these criteria should be determined by
management judgment. Huiskonen et al. (2003) has included these criteria by means of management
judgment into their tool. The tool of this chapter has not included the importance of the customer, but
the importance of the item in terms of the generated turnover. Items that generate a high part of the
turnover are classed MTS. This will also cover a large part of the importance to the company in terms
of turnover, but the importance of the item is easier to combine with the supply perspective, since this
perspective is based on item characteristics. The tool of Huiskonen et al. (2003) is more complicated,
because 16 different CODP decisions exist caused by the customer characteristics and these decisions
are only partly described. The analytical tool in this chapter shows that adding customer characteristics
is not needed to describe the demand perspective.

The tool has not included the sales potential directly into the tool as in Huiskonen (2003). The sales
potential is in their tool determined by management judgment. The tool developed in this chapter has
not included this criterion into the tool, because it is aimed to exclude management judgment from the
tool as much as possible. It is seen as an advantage that the analytical tool of Figure 4.2 is based on
quantitative criteria. The analytical tool provides a quick insight into the CODP decision. Management
input is minimized to setting the borders of the quadrant and the interpretation of the results after the
quick insight of the analytical tool. In the tool of Huiskonen et al. (2003) management input is needed
to group all customers in the matrix of Figure 2.4. It is preferable to minimize management judgment
in the analytical tool, because of the subjective nature of this form of input. Different managers have
different opinions. It is also very time-consuming for managers to include a lot of management
judgment into the tool.

In short, the analytical tool developed in this chapter has included the demand perspective of the
CODP decision. It has minimized the management judgment by means of using quantitative criteria as
much as possible, and by means of indicating exactly where management input is needed to include
the demand perspective. Furthermore, the analytical tool provides guidelines how the management
judgment can be supported by quantitative measures.

4.6 Hypothesis setting

The next chapters will demonstrate the implementation of the tool. This chapter has described the
theoretical point of view of the analytical tool and hypotheses are set. By means of the case study
empirical data will be obtained to test the hypotheses. Figure 4.3 summarizes the hypotheses in the
research methodology, which is used to describe the research methodology. When the four hypotheses
are accepted, the analytical tool developed from the supply and demand perspective is relevant in
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practice. Since the tool is developed based on theoretical insight of the COOP literature, the tool will
also be generally applicable.
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Figure 4.3 Research methodology and hypotheses

Chapter 5 describes the case study at Jan Dekker International. Chapter 6 presents the empirical
research results of the case study, in which the hypotheses will be tested. The insights of the tool will
be discussed in Chapter 7.
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5. Case study description

This chapter describes the case study company, which is Jan Dekker International, a distributor and
producer of cosmetic, food, and feed ingredients. The company encounters the problem that customers
are not satisfied by the lead times that are offered. This chapter shows that the problem can be
modeled as a customer order decoupling point problem. Therefore, the Jan Dekker International is an
interesting case study in which the analytical tool developed in Chapter 4 can be tested.

The chapter is organized as follows. Section 5.1 describes this company. Section 5.2 describes the
supply chain organization of Jan Dekker International. The research has focused on the supply chain
of cosmetic ingredients for French customers. Section 5.3 describes the supply chain for French
customers. It will appear that the French customers are not satisfied by the lead times offered by Jan
Dekker International. Section 5.4 describes the current lead time strategy. Finally, in Section 5.5 it will
be explained why the lead time problem of Jan Dekker International can be modeled as a customer
order decoupling point problem.

5.1 General description ofJan Dekker International

Jan Dekker International is an organization specialized in producing and distributing a broad range of
added value ingredients to provide solutions for the cosmetic, food and feed industry. Its expertise is
on the product applications. Value is added in the following ways:
• By producing its own blends;
• By its own sourcing of ingredients;
• By selling products of principals. Manufacturers might not have the expertise in applications for

their ingredients, or they might not have the skills for distributing fast and at a high service level,
or might not they have the right contacts. Jan Dekker International can be seen as a sales extension
of these manufacturers.

Jan Dekker International has approximately 85 employees. The head office is located in Wormerveer,
the Netherlands. In France, Germany, the United Kingdom, Poland, and Spain sales affiliates are
located. The company has a business unit structure, i.e. Business Unit Cosmetic Ingredients and
Business Unit Food Ingredients. The Business Unit Food Ingredients provides shelf life solutions by
blending natural antioxidants and extracts. The Business Unit Cosmetic Ingredients provides cosmetic
solutions by providing emulsifiers, oils, waxes, butters, and organic natural ingredients. Food
ingredients represent approximately 20% of Jan Dekker International's turnover and cosmetic
ingredients represent 80% of the turnover. The 2006 turnover was 32 million Euros.

The departments Finance & Organization, Supply Chain Management, EHSQ (Environment, Health,
Security, and Quality), and Communication support the business units. The organization structure can
be depicted as in Figure 5.1.
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Figure 5.1 Organization structure of Jan Dekker International

5.2 Jan Dekker International's supply chain organization

The supply chain consists of a centralized and a decentralized part, which is shown in Figure 5.2.
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Figure 5.2 Jan Dekker International's supply chain organization

Customer Service
Poland

Customer Service
Spain

The decentralized part consists of the customer services, which are geographically organized. The
customer service receives orders from the customers. After communication with the centralized part of
the supply chain has taken place, it is decided whether an order is accepted. This means that a realistic
lead time is agreed. The order is released in the information system, which activates the centralized
part of the supply chain. Furthermore, the customer service informs the customers on the lead times.
The affiliates in France, the UK, Spain and Poland have their own local warehouse, which serves as an
intermediate storage.

The central warehouse is located in the Netherlands and it is part of the centralized part of the supply
chain. In the central warehouse all products are stored before being distributed. Quality checks are
made in this warehouse. Besides warehousing the centralized part of the supply chain contains also a
production facility, which produces 16% (650 tons per year) of the distributed volume. Furthermore,
this centralized part contains Material Management and ICT. Material Management is responsible for
the operational purchasing. This department has intensive contact with the customer services
concerning the lead times that can be given to the customer. This communication is supported by an
information system for which the ICT department is responsible. The information system displays the
stock levels, the outstanding sales orders, and the outstanding purchasing orders.
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5.3 Supply chainfor French customers

This research has focused on the supply chain of Jan Dekker France for cosmetic ingredients. Jan
Dekker France is the largest sales affiliate of Jan Dekker International. This affiliate serves mainly
French customers of the cosmetic industry (90% of the turnover of Jan Dekker France). The affiliate
generates approximately 40% of the turnover of the Business Unit Cosmetic Ingredients. This
corresponds to approximately 90 orders per month.

When looking at the supply chain, a French customer can be served in two ways. Suppliers always
deliver to the warehouse in the Netherlands, where ingredients are centrally stored and quality checks
are made. French customers are either delivered directly from the Netherlands or via the warehouse in
France. The supply chain towards French customers and the corresponding lead times are shown in
Figure 5.3
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Figure 5.3 Supply chain for French customers and the corresponding lead times
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When a product is stocked in the local warehouse in France, French customers can be delivered within
2 days. When the product is stocked in the central warehouse in the Netherlands, they can be delivered
within 3 days. When the product is not on stock, the lead times depend on the supply lead times. These
lead times depend on the item, i.e. where the item is sourced and whether it should be produced. The
supply lead times range between 1 and 16 weeks.

To discover the logistical needs of the French customers a customer survey has been conducted. 20%
of the customers generate almost 90% of the turnover. Therefore, the customers of this top 20% group
are chosen for the survey. In total, 15 customers have responded, meaning a response rate of 37,5%.

The survey consisted of two parts. The first part contained closed questions. Nine supply chain
services were mentioned and the customers had to give a mark between 1 and 5 to each service. The
second part of the survey contained open questions. The strengths and weaknesses of the supply chain
service were asked. The questionnaire method can be found in appendix A.

The survey has revealed that the biggest gap between customer needs and the offered supply chain is
the lead time and therefore the flexibility to react on customer needs. Eight customers were prepared
to detail their lead time need. For items that are generally not stocked in the warehouse in the
Netherlands or in France, meaning that these items have long lead time,S of the 8 customer desire a
lead time between 1 and 4 weeks. The remaining 3 customers are more flexible and they wish for a
lead time between 5 and 8 weeks.

Figure 5.3 showed the lead times towards French customers. When an item is stocked in the
warehouse in the Netherlands or in France, the lead times are 2 or 3 days, meaning a fit with the
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customer needs. When an item is not on stock, the lead time is dependent on the supply lead time. The
percentage of items and their lead times are shown in Figure 5.4. It can be seen that most of the items
have a lead time that is longer than the requested lead time. Only 25% of the items correspond to the
lead time of 1-4 that is wished by 5 of the 8 customers. This means that the French customers wish
that their ingredients will be stocked either in the warehouse in the Netherlands or in France.

13-16 weeks
26%

1-4 weeks
25%

E1111-4 weeks

.5-8 weeks

09-12 weeks

013-16 weeks

Figure 5.4 Percentage of the items and their supply lead times

5.4 Current lead time strategy

This section describes the current lead time strategy at Jan Dekker International. It describes how lead
time agreements with the customer are made, how the decision is made whether to stock or not to
stock an item in the warehouse in the Netherlands, how the inventory policy can be described. Finally,
it is described how the decision is made whether to stock in the warehouse in the Netherlands or in the
warehouse in France.

When discussing lead times the French sales managers proposed a standard lead time of 2 weeks when
the ingredient is on stock in the warehouse in the Netherlands or 2 months when the ingredient is not
on stock in the Netherlands. The customer is informed which items are stocked and which ones are not
stocked. This information is item specific. When a customer orders a stock item, it might be possible
that this item is not on stock due to a stock-out. In this case, the customer will be informed by
customer service.

Currently, 177 items are stocked. The decision which product should be stocked is based on the sales
figures. If an item is sold regularly, it is put on stock. Whether an item is classified as a regularly sold
item is a judgemental decision supported by an overview of the sales figures.

Jan Dekker International has a product portfolio of 1043 items. However, in 2007 only 449 items were
sold. Only 354 items were sold more than one month per year. And of this group 315 items belong to
the Business Unit Cosmetic Ingredients. These 315 are used for analysis and their turnover analysis is
shown in Figure 5.5. Sales data is used from the months January to October 2007. It can be seen that
20% ofthe items generate 80% ofthe turnover.
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Figure 5.5 Turnover analysis of items of the Business Unit Cosmetics

Table 5.1 gives more insight in the stock/non stock partitioning. The analysed items are the 315 items
that are sold in 2007 and that are sold more than one month. This selection deleted 6 of the current
stock items. The coefficient of variance (CoV) is taken as a measure of sales regularity. The CoV is
defined as the standard deviation of the demand per month divided by the average demand per month.
Table 5.1 shows which percentage of the items having a certain CoV value that are stock items. The
table confirms that the current stock/non stock partitioning is based on "sales regularity". The group
that contains items having a CoY value between 0 and 0.5 are all stock items, while the group
containing items having a CoV value that is larger than 2 consist for 19% out of stock items. It can be
seen that the percentage of stock items decreases as the CoV value increases.

Table 5.1 Partitioning stock/non stock items at different CoV levels
Percentage

CoV of stock items
0:5CoV<0.5 100
0.5:5CoV<1 83
1:5CoV<1.5 56
1.5:5CoV<2 26

2:5CoV 19

The inventory policy is that for the stock items two months of the forecasted quantity is stocked in the
central warehouse in the Netherlands. In addition, a judgmentally determined safety stock is also put
on stock to cope with demand uncertainty.

At the French affiliate the forecast for the coming 12 months is made by customer service. The
forecast figures are based on confirmed orders and on the forecasts that are shared by six of the
customers. Historical data is not systematically used as forecast input. The forecast is sent to Material
Management, who also collects the forecasts of the other affiliates. Material Management freezes the
forecast for the coming 3 months to order the items. But before ordering, the forecast are checked for
possible irregularities, for instance, for orders that are not filled in. The forecast system is
implemented in March 2007, and it has therefore still its "growing pains", causing large forecast errors
of sometimes more than 50%. The forecast error is measured as the sold volume minus the forecasted
volume as a percentage of the forecasted volume.

At the moment the distinction whether a French customer is served in a direct or an indirect way is
based on whether customers wish to pick up their ingredients themselves from a French warehouse,
and the geographical location of the customer.
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Customers who wish to pick up the products themselves are not willing to go to the Netherlands, but
they wish to pick up their products at a location in France. This group of customers represents
approximately 20% of the order stream for Jan Dekker France. Customers located in the north of
France are supplied directly from the warehouse in the Netherlands. Customers located in de middle
and south of France are supplied via the warehouse in France. Cosmetic ingredients that are delivered
indirectly to French customers are stocked for approximately one week before transported further to
the customers. This is done to create buffer time for delivery failures, because it is believed that the
number of OTIF deliveries (On Time In Full) increases. However, when the customer wishes a lead
time that does not allow that the requested item is first stocked for one week in France, than the item is
delivered directly from the Netherlands to the customers. Appendix F describes the role of the
warehouse in more detail.

At the moment no stock is held in the decentralized warehouse for customers who desire a lead time of
2 days. In Section 5.3 it appeared that customers were medium satisfied with lead times. However, the
customers spoke more about lead times in terms of weeks, than in terms of days. Also, it is advised to
have centralized stock, so that synergies in safety stock can be reached. Therefore, the decision
centralized/decentralized stock will not be part of the lead time problem.

5.5 Customer order decoupling point decision

Customers are not satisfied by the lead times offered by Jan Dekker International for two reasons:
1. The requested item is a stock-item, but it has a stock out.
2. The requested item is not a stock-item.
The first reason is caused by the current inventory policy. Inventory levels are not chosen well to cope
with demand uncertainty. The second reason is caused by the decision whether to stock or not to stock
an item. To scope the research it is chosen to further analyze the decision to stock or not to stock items
in the warehouse in the Netherlands.

The lead time problem of Jan Dekker International can be modeled as a customer order decoupling
point (CODP) problem. The customer order decoupling point decision is a strategically oriented
decision (Soman et aI., 2007) how to match demand and supply, which is in the case of Jan Dekker
International the decision how to match the lead times requested by the customer and the lead times
needed to deliver the cosmetic ingredients. At the customer order decoupling point an inventory buffer
is positioned, which divides forecast and order driven activities (Ashayeri & Selen, 2005). At this
point the customer order is assigned to the product (Olhager, 2003). In the case of Jan Dekker
International the important inventory buffer would be in the warehouse in the Netherlands. The
customer order decoupling point decision is the decision whether to stock an item in this warehouse or
not. The problem is gra hically depicted in Figure 5.4.

Non stock
items

driven

Stock

Order driven

Order driven

Value added material flow

Figure 5.4 Customer order decoupling point problem for Jan Dekker International
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The decision where to position the customer order decoupling point is a trade off between decision
variables from the supply perspective and the demand perspective. The demand perspective has a
downstream effect of the CODP and the supply perspective has an upstream perspective on the CODP.
In the case of Jan Dekker International the demand perspective represents the customers demanding
shorter lead times and therefore having items stocked in the warehouse in the Netherlands. From the
supply perspective it is not desirable to have many items stocked in the Netherlands, because having
items stocked brings along more inventory investment, i.e. the value of the inventory will increase.
Therefore a trade off should be made between customer satisfaction with respect to lead times and the
inventory investment that is needed.

The case of Jan Dekker International shows that the decision where to position the customer order
decoupling point is a complex decision having multiple conflicting decision variables. Therefore, this
company problem is an interesting case study to test the analytical tool supporting the customer order
decoupling point decision.
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6. Empirical research results

The previous chapter showed that when making a customer order decoupling point decision Jan
Dekker International should make a trade off between decision variables of the supply perspective and
the demand perspective. In the case of this company it concerns the decision whether to stock or not to
stock an item in the warehouse in the Netherlands for which a trade off should be made between
customer satisfaction with respect to lead times and the required inventory investment. The analytical
tool will be developed from the two perspectives described in Figure 5.4, i.e. the supply perspective
and the demand perspective. The supply perspective reasons from the point of view of inventory
investment and the demand perspective reasons from the point of view of customer satisfaction.
Section 6.1 describes the demand perspective at Jan Dekker International and the first hypothesis will
be tested. In Section 6.2 the analytical tool developed from the supply perspective is presented and the
second hypothesis will be tested. In Section 6.3 the demand perspective is added to the tool presented
in Section 6.2 and hypothesis 3 and 4 are tested. Section 6.4 concludes the empirical research by
summarizing the tested hypothesis.

6.1 Demand perspective

This section describes the demand perspective at Jan Dekker International. The first hypothesis, i.e.
"the demand perspective should be described by product characteristics", will be tested.

Huiskonen et al. (2003) describe the demand perspective as a customer characteristic. Important
customers, in terms of the (potential) turnover generated by the customers, should be delivered faster.
It is investigated whether this type of reasoning is also present at Jan Dekker International. To do this,
an interview is held with the senior sales manager, who is located in the French sales affiliate. During
the interview the following question was asked: "How are customers managed?" The senior sales
manager answered that the customers are classified into 3 groups: A, B, and C customers. A customers
are the 20 most important customers in terms of the amount of turnover they generate. B customers are
of medium importance, and C customers are the least important customers in terms of the amount of
turnover they generate. The classification into Band C customers is not a clear one, because the senior
sales manager reports that B customers might change into C customers the next year and vice versa.
Based on this answer the following question was asked: "How do the supply services offered by Jan
Dekker International differ among the 3 different customer groups?" The senior sales manager
responded that the logistical service only differs for A customers. The items that are sold to these
customers are stocked in the Netherlands. This means that for A customers a shorter lead time is
offered.

Based on this observation at Jan Dekker International it can be said that the statement of Huiskonen et
al. (2003) is correct. In practice, the demand perspective can be described by customer characteristics.
Important customers, in terms of the amount of turnover they generate, are delivered faster than less
important customers. A criticism on the analytical tool of Huiskonen et al. (2003) was that combining
the supply perspective described as an item characteristic and the demand perspective described as a
customer characteristics lead to complicated decision making. The analytical tool of Huiskonen et al.
(2003) leads to 16 different CODP decisions, which are not all defined. Therefore, it will be verified
whether the demand perspective can also be described as an item characteristics. To do this, interviews
were held with the senior sales manager, the business unit manager of cosmetic ingredients, and 3
customers (customer A, B, and C). These customers are the number 1,3, and 4 regarding the turnover
they generate. Also, a quantitative data analysis is conducted.

The customers were questioned by means of an unstructured interview. This has lead to a logistical
analysis of the customers, which can be found in appendix D. The customers were asked how the
customer's purchasing department is organized. Customer A classes items into standard, semi-
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standard and non standard items. Non standard items are described as the strategic items, which are
more expensive. Standard products are ingredients that are offered by multiple suppliers. Semi
standard products are classed in between. For standard items the supplier prefers to do the least effort
to purchase these items. It is strived to a reduction of ordering moments. Customer B does not make a
classification of items. For this customer all items should be delivered fast, because the purchasing
department is informed at the last moment when an item should be available for production. Customer
C also classes the items into three groups: A, B, and C items. A items are the more expensive strategic
items. B items are of medium importance, and C items are the non strategic commodities. For A items
the most effort is spent. These items are purchased more frequently. To C items the least effort is spent
and these items are purchased the least frequent.

The interviews show that customer A and customer C have adapted their purchasing strategy based on
the item characteristics. For items, that are more important in terms of strategic importance, the most
effort is spent. For standard products the least effort will be spent. Based on this observation an
interview is held with the business unit manager and the senior sales manager to verify how Jan
Dekker International deals with this observation.

Both the business unit manager and the senior sales manager divide the items into 3 groups, i.e.
commodities, semi-commodities, and specialties. Commodities are standard cosmetic ingredients for
which a lot of suppliers exist. Semi-commodities are items with more special characteristics, which are
not offered by many suppliers. Specialties have unique product characteristics and they are offered
only by Jan Dekker International. In general, commodities are the least expensive items and specialties
are the most expensive items. Both the managers assume that for commodities lead time is an order
winner. Commodities are non strategic products to customers to which not much attention will be paid.
A product should ''just be there". Products with too long lead times are therefore hard to sell. For
specialties it is assumed that lead time is a less important criterion. Customers are more willing to wait,
because they can not buy the product elsewhere. From the demand perspective commodities should be
stocked in the warehouse in the Netherlands, where as the need to stock semi-commodities in the
Netherlands is less strong, and for specialties this need is the least strong.

After these insights, a quantitative analysis is conducted to verify whether Jan Dekker International
actually differs the CODP decision among product groups. A measure is chosen to divide these 3
groups. After consultation with the manager of the Business Unit Cosmetic Ingredients, the measure
"sales price per kg" is taken. Commodities are items which cost less than or equal to 10 Euros per kg.
Semi-commodities cost between 10 and 45 Euros per kg. Specialties cost more than 45 Euros per kg.
Table 6.1 shows whether a difference exists in the stock/non stock strategy between the 3 different
groups. The table shows that all groups contain a large percentage of stock items for CoV values lower
than 1. Commodities are, however, different than the other two groups in the sense that still 50% of
the items having a CoY value between 1.5 and 2 are stock items, while in the semi-commodities and
specialties group these percentages are considerably lower (21 and 18 percent respectively). This
observation leads to empirical evidence that practice uses product characteristics to describe the
demand perspective.

d tC V Id'ffck'fa e ercentage 0 stoc Items at I erent 0 eve s among pro uc groups
Percentage of stock items

number O::;CoV< 0.5::; 1::;CoV< 1.5::;
Group of items Overall 0.5 CoV<1 1.5 CoV<2 2::;CoV

Commodities 109 71 100 86 65 50 20
Semi-commodities 115 49 100 75 56 21 23
Specialties 90 42 100 89 48 18 16
Total 314 54 100 83 56 26 19

T bl 6 1 P

The case of Jan Dekker International shows that the demand perspective can be described by item
characteristics. Based on the criterion sales price per kilogram, three product groups can be
distinguished, i.e. commodities, semi-commodities, and specialties. For the product group for which
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the highest lead time competition is assumed, a higher CoY is accepted when making the CODP
decision. In Chapter 4 it is shown that it is more practical to describe the demand perspective by
product characteristics. The case study shows that it is possible to describe the demand perspective by
product characteristics. Therefore, hypothesis 1 is accepted.

One could doubt whether 3 different product groups are needed. Table 6.1 shows that currently Jan
Dekker International does not clearly differ the CODP decision between the group of the semi
commodities and the group of the specialties. To decide whether the items are stock items or not,
slightly higher CoY values are accepted for semi-commodities. Still, because the business unit
manager, the senior sales manager, and customers A and C divide the items into 3 groups, 3 product
groups will be maintained.

One could also doubt whether the sales price is the right measure to divide the product groups. The
margin, for instance, might be a more "pure" measure to distinguish the items based on their degree of
lead time competition. One could take the percentage of the margin as a criterion. However, in the
case of Jan Dekker International, the sales prices per kg range between 1 and 10.000 Euros. It is
therefore difficult to compare the margins percentage of I Euro with the margins of items of 10.000
Euros. For instance, 40% means in the former case 0.40 Eurocent margin and in the latter case 4000
Euros margin. Therefore, the absolute margin can be chosen. Figure 6.1 shows the relation between
the sales price per kg and the margin. The figure shows that the two parameters are highly correlated.
88% of the variance of the margin is explained by the sales price per kg (R2=0,8797). Therefore, both
the absolute margin and the sales price per kg will class the items in approximately the same product
groups.
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Figure 6.1 Relation between sales price per kg and margin
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6.2 Analytical tool developed from the supply perspective

This section implements the analytical tool developed from the supply perspective, which was shown
in Figure 4.1. Hypothesis 2 will be tested, i.e. testing whether the four quadrants of the analytical tool
developed from the supply perspective represent the right CODP decision. As a decision variable of
the supply perspective, the inventory investment is chosen. This section first discusses whether this
decision variable is well chosen or whether other decision variables might be relevant. In the analytical
tool developed from the supply perspective the coefficient of variance and the average turnover per
month is calculated to define the customer order decoupling point decision. It will first be shown how
these two variables are related in the case of Jan Dekker International. Then it will be explained how
hypothesis 2 will be tested and how the borders of the matrix are set.

The decision variable of the supply perspective is the inventory investment. One could doubt whether
this is the only relevant cost criterion. To calculate the inventory investment the cost price of an item
is used. This cost price includes the purchasing price, the transportation costs to get the item from the
supplier to the Dutch warehouse, and the purchasing costs. One could think that the fixed ordering
costs are relevant cost for the CODP decisions. One could say that when an item has high ordering
costs, one should stock this item, because the MTO status means that the item should be ordered each
time an order arrives. Ordering costs are determined by the order moments and order sizes. The less
one orders, the larger the order sizes will be, and therefore the less the ordering costs will be. In the
case of Jan Dekker International the fixed ordering costs are related to the time spent by employees on
ordering the items. These fixed ordering costs are equal for all items, therefore the fixed ordering costs
are not seen as relevant costs for the CODP decision. Furthermore, handling costs of the Dutch
warehouse, transportation costs to the French customers are no relevant costs, since stock items as
well as non stock items pass by the Dutch warehouse. Finally, one could also think of quantity
discounts offered by the supplier when ordering high quantities. In the case of Jan Dekker the cost
price changes with 1 or 2% as the order size increases. Whether the discount is applicable depends on
whether the order size is higher than the breakpoint quantity (Silver et aI., 1998, pp. 159-164). The
breakpoint quantity is the minimum quantity that one should order in order to profit from the discount.
Since the order size depends on the inventory policy and not on the CODP decision, quantity discounts
are considered as not relevant in the CODP decision.

Monthly demand data is used to calculate the CoV and the average turnover per month in Euros.
Figure 6.2 shows a scatter plot of the items and the two variables. The two decision variables seem to
be related, because the "cloud" goes from the upper left corner to the lower right corner. This means
that the more turnover an item generates, the lower the CoY will be. The R2 of the logarithmic
regression line is 0.34, meaning that 34% of the variance of the variable CoY is explained by the
variable Average turnover per month. This is logical, because when an item generates more turnover,
it is likely that the items are sold in more than one month, resulting in less lumpy demand and a lower
CoY. This "cloud" has also been found by D'Alessandro & Baveja (2000) and Soman et al. (2007),
who have used a similar matrix, that was presented in Figure 2.1.
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Figure 6.2 The average turnover per month and the CoY of the items
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The matrix is divided into four quadrants and for each of these quadrants a different CODP strategy is
recommended, as was described in Chapter 4. Hypothesis 2 will be tested by means of the
turnover/inventory investment ratio. This ratio will first be explained. Then the borders of the matrix
are set and finally the hypothesis is tested.

The border high/low turnover per month divides items that generate a low percentage of the total
turnover from the items that generate a high percentage of the total turnover. The percentage of the
total turnover per month that is generated by the items of a quadrant is represented by the variable T.
For instance in quadrant 1, a T of 4.0% means that 4.0% of the total turnover is generated by the items
of this quadrant.

The high/low CoV border separates the items that need relatively high inventory levels from items that
need relatively low inventory levels compared to the turnover they generate. The percentage of the
maximum inventory investment (i.e. the case that all items are stocked) needed for a group of items is
represented by the variable I. The inventory investment is the value of the inventory in Euros. For
instance in quadrant 1, when all items would be stocked, the items of quadrant 1 would represent 6.1 %
of the inventory investment. To calculate this inventory investment an inventory model is formulated.
An (R,S) model is used (Silver et aI., 1998, pp 275). Jan Dekker International uses a rule thumb that
one should order up to two months of average demand plus a judgmentally determined safety stock on
stock, which is the order-up-to level S. The review period R is zero, because at any moment in time the
inventory levels can be checked due to an information system. Safety stocks are set in such a way that
all items have a service level of 95%. The inventory model is more detailed in appendix B.

The ratio T/l gives a quantitative measure of how the turnover and the inventory investment are related.
For instance in quadrant 1, a T/l of 0.60 means that 1% of the maximum inventory investment will
generate 0.6% of the total turnover.

The borders of the quadrants are set in the following way:
High/low CoV: In Table 5.1 it was shown that within the group with CoY value between 0.5 and 1
83% were stock items, while in the group of CoY value between 1 and 1.5 this percentage was
only 56%. The distinction between stock items and non stock items is more explicit in the group
with CoY values between 0.5 and 1 than in the group of CoV value between 1 and 1.5. Therefore
the CoV value of 1 is chosen as the border that separates low CoV items from items with a high
CoY value.
High/low turnover per month: The border is set with the help of the turnover analysis of Figure
5.5 at an average turnover of 1900 Euros per month. All items that generate more than 1900 Euros
per month generate together 95% of the turnover, and they represent 47% of the items.

The division of these four quadrants leads to different turnover and inventory characteristics, which is
shown in Figure 6.3. The first and the second quadrant have low T/l values, meaning that these items
generate a low turnover relatively to their inventory investment. The third and forth quadrant have
high T/l values. These items generate a high turnover relatively to their inventory investment. In
absolute sense, quadrant 1 and 3 generate a low turnover, and quadrant 2 and 4 generate a high
turnover.
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Figure 6.3 Four different quadrants of the matrix

For each of the four quadrants a CODP decision is recommended, which is based on the Til ratio. In
the first quadrant the items have a high CoV and a low turnover per month. This means that these
items need a relatively high inventory investment, but they do not generate much turnover. Hence,
quadrant I has a low Til value. This quadrant has the least favorable conditions to stock items.
Therefore, these items should not be stocked. The forth quadrant has the most favorable conditions, i.e.
a low CoY value and a high average turnover per month (a high Til ratio). The items in this quadrant
should therefore be stocked. For the second quadrant, representing a high CoY value and a high
average turnover per month, it is not very obvious which strategy should be taken. This quadrant has a
low Til ratio, meaning that relatively much inventory investment is needed compared to the turnover
that is generated. Currently, 64% of the items of this group are classified as stock item. For Jan Dekker
International, it is preferable to stock the items of this group, because of the high turnover it generates,
but one should take into account that the inventory investment increases considerably. Finally, for the
third quadrant, it is recommended to make no changes in the stock/non stock partitioning. The items of
this quadrant generate a low turnover, but they require only low inventory investments. It's not
worthwhile to further analyze these items, because they neither have a high impact on the turnover nor
on the inventory investment. The CODP decisions made in the case of Jan Dekker International are
summarized in Figure 6.4.
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Figure 6.4 CODP decisions for Jan Dekker International
Figure 6.4 shows that the CODP decisions recommended by the analytical tool developed from the
supply perspective are the right decisions for Jan Dekker International. The CODP decisions of the Jan
Dekker International case are compared to the analytical tool developed from the supply perspective
which is presented in Chapter 4. Quadrant I of the theoretical tool recommends MTO, which fits the
non stock item recommendations. Quadrant 2 and 4 recommend MTS which fits the decision to stock
items. For quadrant 2 one should take into account higher inventory investment, which is also the case
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for Jan Dekker International. Finally, the theoretical tool recommends no CODP decision for quadrant
3, which is in accordance with the tool of Figure 6.3 that recommends no changes.

Therefore, hypothesis 2 will be accepted, which state that the four quadrants of the analytical tool
developed from the supply perspective represent the right CODP decisions.

Figure 6.5 shows the implementation of the analytical tool. Within the figure the matrix is shown in
which the items are positioned. It also shows the current stock/non stock partitioning; the blue dots
represent the stock items and the pink dots represent the non stock items. According to the tool
currently 79% of the items are well positioned. Quadrant 1 contains 37 stock items which should be
made non stock items. Quadrant 2 contains 22 non stock items that should be made stock items.
Quadrant 4 contains 6 non stock items that should be made stock items.
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Figure 6.5 Application of the analytical tool

6.3 Analytical tool developed from the supply and demand perspective

This section tests hypothesis 3 and 4. Hypothesis 3 states that the demand perspective can be added by
means of setting different CODP border for each product group. Hypothesis 4 states that including the
demand perspective only has consequences for MTS items in quadrant 1.

To make a difference between groups, the borders for the high/low CoY are different for each product
group. The border for the commodities is set higher, meaning that an item will be classed earlier as an
item with relatively low inventory. Since still a large percentage of the items having a CoY value
between 1.5 and 2 are still stock items, the border with CoV value 2 is chosen (cf. Table 6.1). The
border for the specialties will remain the same at CoV value one, since this group has the least strong
lead time competition. For the semi-commodities a value in between is chosen, i.e. CoY value 1.5,
because more than half of the items in the group having a CoY value between 1 and 1.5 are stock
items. By setting the borders in this way, the stock/non stock partitioning will be more adapted to the
current situation. It is assumed that the current situation is well adapted to the market characteristics.

Figure 6.6 shows the matrices for each product group. It can be seen that the Til ratio is the highest in
the fourth quadrant in all three product groups. The Til ratio is the lowest in the first and second
quadrant in all product groups. This is in accordance with the matrix of Figure 4.2. Therefore, the
customer order decoupling point decision per quadrant of the matrix will not change among product
groups when different CoV borders are set per product group
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Figure 6.6 The different quadrants of the matrix per product group
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Figures 6.7-6.9 show the current stock/non stock partitioning placed in the two-dimensional matrix for
each product group.
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Figure 6.7 Analytical tool for commodities
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Figure 6.8 Analytical tool for semi-commodities
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Figure 6.9 Analytical tool for specialties

In the analytical tool developed from the supply and the demand perspective 41 items do not have the
right stock/non stock partitioning, which is 13% of the total number of items. In the model developed
from the supply perspective only, this percentage was 21 %. Table 6.2 shows the stock I non stock
changes of the analytical tool developed from the supply perspective and the analytical tool developed
from the demand perspective. Because the CoY value border has changed, non stock items that were
first classed in quadrant 3 are now in quadrant 4. Also remarkable is the decrease in the number of
stock items in quadrant 1 that should be made non stock items. 24 items of this quadrant should
remain stock items according to the analytical tool developed from the two perspectives.

ve an rom t e supply an eman perspective
Analytical tool Quadrant 1 Quadrant 2 Quadrant 4
Supply perspective 37 22 6
Supply and demand perspective 13 17 11

Table 6.2 Stock/non stock changes per quadrant for the analytical developed from the supply
perspecti d fi hidd d

Having an analytical tool developed from the supply perspective only means that 34 stock items of
quadrant 1 should be changed into non stock items. When having the analytical tool developed from
both the supply and the demand perspective, less stock items of quadrant 1 should be changed into non
stock items.

Based on this observation it can be said that hypothesis 3 is accepted. By setting different CoV borders
for each product group, items are positioned in a quadrant that better fits to the market characteristic.
Hypothesis 4 is also accepted, because Table 6.2 shows that the demand perspective only has
consequences for MTS items of quadrant 1.

Figure 6.10 shows the analytical tool developed from the supply and demand perspective for the Jan
Dekker case.
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Figure 6.10 Analytical tool developed from the supply and demand perspective for the Jan Dekker
International case

The analytical tool in figure 6.10 results in the same CODP decisions as in the tool of Figure 6.4.
However, because one CoV border is kept (i.e. at CoV value 1), additional judgment is needed for
stock items of quadrant 1. For the stock items that should be made non stock items one should
consider the degree of lead time competition of these items, i.e. whether they are commodities, semi
commodities, or specialties. For commodities and semi-commodities a higher CoY value should be
accepted (CoV value 2 and 1.5 respectively) than for specialties (CoV value of 1).

6.4 Consequences ofthe CODP decision for Jan Dekker International

The previous sections have developed an analytical tool supporting the customer order decoupling
point decision at Jan Dekker International. This section describes the consequences of the decision for
the two variables "customer satisfaction" and "inventory investment", which result from the supply
and demand perspective of the CODP problem. These will support the managerial insights of the
analytical tool in Section 7.2.

The following performance measures are used for the two variables:
Inventory investment: By means of the (R,S) model described in Section 6.2 and detailed in
appendix B the inventory investment (value of the inventory in Euros) can be calculated. Because
it is a model, the values resulting from this model will not be exactly according to reality.
Therefore it is chosen not to take absolute values but the indexed value of the inventory
investment with the current stock/non stock partitioning set at 100.
Customer satisfaction: It is assumed that customers are more satisfied with respect to lead times
when more of their ordered items are stocked in the warehouse in the Netherlands. However, not
all items are equally important regarding the degree of satisfaction they can generate. Items that
generate much turnover have a higher preference to be stocked than items that generate less
turnover. Items having a high turnover are either purchased by many customers or they are
purchased by one or more important customers in terms of the turnover that these customers
generate. Therefore, as a quantitative measure for "customer satisfaction" the percentage of
turnover covered by stock items is taken. This statement assumes that the more turnover an item
generates, the more this item satisfies customer needs regarding lead times when it is stocked.

Susanne Koster - Master thesis - January 2008 49



An analytical tool supporting customer order decoupling point decisions lU/e

Table 6.3 shows the performances of the stock/non stock partitioning resulting from each analytical
tool. For each scenario the number of stock items, the percentage of the total turnover covered by
stock items and the indexed inventory investment needed to stock the items (current situation = 100)
are calculated. Currently 171 items are stocked which cover 88.6% of the turnover. When all items are
stocked, the inventory investment should increase with 20.1 %. The stock items of the partitioning that
resulted from the analytical tool cover 96.7% of the turnover and cause an increase of 14.1 % in the
inventory investment.

I fit IthIf tIt k rfffth t k/T bl 63 P tIa e er ormances 0 e s oc non s oc pa llOnmg resu mg orm e analYllca 00 s
Percentage indexed

number of turnover covered inventory
Scenario stock items by stock items investment
Current situation 171 88,6 100,0
Stock all items 314 100,0 120,1
Analytical tool supply and demand perspective 186 96,7 114,1

Table 6.3 shows that in order to get a higher percentage of the turnover covered, a lot more inventory
investment is needed. One can also choose partial solution that result from the analytical tool. Table
6.4 describes different partial solutions resulting from the analytical tool developed from the supply
and demand perspective. The scenario "minus qI" means that the items of quadrant I that are
currently stock items are changed into non stock items. This scenario results in a decrease of 0.5% in
the turnover covered by stock items, and an inventory decrease of 0.9%. In scenario "plus q4" the non
stock items of quadrant 4 are changed into stock items. This scenario leads to a turnover coverage of
93.3%, while increasing the inventory investment with 7.2%. In scenario "plus q3" the non stock items
of quadrant 3 are turned into stock items, leading to a turnover coverage of 91.6% and an inventory
investment increase of 6.4%.

t e supply an eman perspective
Percentage indexed

number of turnover inventory
Partial solution stock items covered investment
minus q1 158 88,1 99,1
plus q4 183 93,3 107,2
plus q3 188 91,6 106,4
minus q1 plus q4 168 92,8 106,3
plus q3 plus q4 199 97,2 114,9
Minus q1 plus q4 plus q3 (whole solution) 186 96,7 114,1

Table 6.4 Partial solutions of stock/non stock partitioning resulting from the analytical tool developed
from hidd d .

In Appendix C table C.I shows the items that are candidates for changing the stock/non stock strategy
which are determined by the analytical tool developed from the supply and demand perspective.

6.5 Hypothesis testing

This section concludes the empirical study by summarizing the results of the hypothesis tests.
Figure 6.11 shows the research methodology and the hypotheses as it was presented in
Chapter 4.
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Figure 6.11 Research methodology and hypothesis

From a theoretical point of view, an analytical tool supporting the customer order decoupling point
decision is developed from the supply perspective as well as the demand perspective. The
methodology consisted of 4 steps. Each step developed new theoretical insights, which leaded to
hypotheses. These hypotheses are tested in the case of Jan Dekker International. This chapter showed
that all hypotheses are accepted.

Hypothesis 1 is accepted, because empirical evidence is found that the demand perspective can be
described by product characteristics. Jan Dekker International adapts the decision whether to stock or
not to stock an item in the warehouse in the Netherlands to the product characteristics. Items, for
which it is assumed that they have a higher lead time competition, are stocked in the warehouse in the
Netherlands.

Hypothesis 2 is accepted, because the four quadrants of the analytical tool developed from the supply
perspective, which are presented in Chapter 4, represent the right CODP decisions in the case of Jan
Dekker International. With the support of quantitative measures CODP decisions for the case of Jan
Dekker International are determined, which correspond to the CODP decisions of the tool developed
from the theoretical point of view.

Hypothesis 3 is accepted, because by setting different CoV border for each product group, items are
positioned in a quadrant that better fits to the market characteristic. Finally, hypothesis 4 is accepted,
because the case study has provided empirical evidence that the demand perspective only has
consequences for MTS items of quadrant 1.

The case study has provided empirical evidence that the analytical tool is relevant in practice, because
it can be implemented to support the CODP decision at Jan Dekker International. The analytical tool is
developed from the theoretical point of view based on insights of the CODP literature. This means that
the tool is not only applicable at Jan Dekker International, but it could also provide guidelines for
other practical situations.
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7. Insights of the analytical tool

This chapter concludes the master thesis by presenting the insights of the analytical tool. Section 7.1
describes the theoretical insights and Section 7.2 describes the managerial insights. Finally,
suggestions for further research are presented in Section 7.3.

7.1 Theoretical insights

The literature review conducted in Chapter 2 has revealed the following literature gaps:
• The literature does not provide sufficient guidelines how the demand perspective can be described.
• The literature prescribes insufficiently how the supply and the demand perspective should be

combined
• The literature gives little guidelines how the customer order decoupling point decision changes

when the demand perspective is added in the analytical tool.

These gaps indicate that it would be a contribution to the literature when an analytical tool will be
developed that supports the customer order decoupling point decision, which does not only take into
account the supply perspective, but also the demand perspective. This analytical tool should provide
guidelines how to describe the demand perspective. It should show how the demand perspective
should be included and it should explain the consequences of adding the demand perspective. The
research objective is therefore:

Research objective

Develop an analytical tool that supports the customer order decoupling point decision from the
supply and the demand perspective

To reach this research objective, three research questions were formulated, which will now be
answered.

1. How should the demand perspective be described?

The demand perspective should be described as a product characteristic. The supply perspective is
described as well as a product characteristic, which leads to less complicated decision making. The
case study provided empirical evidence that it is possible to describe the demand perspective as a
product characteristic.

2. How should the demand perspective be included in the analytical tool supporting CODP
decisions?

The analytical tool developed from the supply perspective resulted in a matrix with on the axes the
coefficient of variance (CoV) and the turnover per month. The matrix is divided in four quadrants and
each quadrant recommends a CODP decision. By setting different CoV borders (i.e. borders that
separate items having a high CoV value from items having a low CoV value) among product groups
which are defined by the demand perspective, the demand perspective can be included. The case study
showed that by setting different CoV border for each product group, items are positioned in a quadrant
that better fits to the market characteristic. This simple adjustment is possible, because the demand
perspective can be described by product characteristics. In short, the demand perspective can be
included by accepting higher inventory levels for product groups that have a higher degree of lead
time competition.
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3. What is the impact on the customer order decoupling point decision when the demand perspective
is included in the analytical tool?

When adding the demand perspective to the analytical tool developed from the supply perspective,
only the MTS items of the first quadrant are affected. This is confirmed by the empirical results of the
case study. The demand perspective "prevents" that these MTS are classed as MTO items. More
generally said, when the demand perspective is included in the analytical tool, MTS items that should
formerly be changed into MTO items, might now remain MTS items.

The analytical tool developed in this thesis has shown how the demand perspective should be
described and how this perspective can be included in the analytical tool developed from the supply
perspective. Analytical tools presented in the literature either mention that management judgment is
needed for each item or each product-customer combination, or no guidelines for management
judgment are given. This tool indicates exactly where management input is needed, meaning that not
all items should be analyzed by the management. Furthermore, the analytical tool provides guidelines
how the management judgment can be supported by quantitative measures. This insight considerably
decreases the management judgment that is needed.

The analytical tool shows that adding customer characteristics is not needed to describe the demand
perspective. It also indicates exactly where management input is needed to include the demand
perspective, meaning that not all items should be analyzed by the management. The analytical tool
provides a quick insight into the CODP decision. Management input is minimized to setting the
borders of the quadrant and the interpretation of the results after the quick insight of the analytical tool.
It is preferable to minimize management judgment in the analytical tool, because of the subjective
nature of this form of input. Different managers have different opinions. It is also very time
consuming for managers to include a lot of management judgment into the tool. In short, the analytical
tool developed in this master thesis has included the demand perspective of the CODP decision. It has
minimized the management judgment by means of using quantitative criteria as much as possible, by
means of indicating exactly where management input is needed to include the demand perspective,
and by providing guidelines how management judgment can be supported by quantitative measures.

The analytical tool should be a general tool, which can be applied in various practical environments. It
is aimed that this tool addresses the CODP decision in a theory driven way. Therefore, an analytical
tool has been developed based on the insights of the literature. It has not been developed in the context
of the case study to keep the tool a general tool. Then, the analytical tool has been implemented in
practice. The empirical research results showed that the tool is relevant in practice.

7.2 Managerial insights

The CODP decision is a complex decision, because different decision variables should be included.
The analytical tool provides guidelines how to make the CODP decision The guidelines are based on
the demand as well as on the supply perspective of the customer order decoupling point problem.

The CODP decision is hard to manage in the case when a company has product portfolio including a
large number of items. Also the company of the case study Jan Dekker International had a product
portfolio of more than 1000 items. Even when only the items of the Business Unit Cosmetic
Ingredients, which are sold more than one month per year, are chosen, still 315 items remain to be
analyzed. With the current lines that are chosen to separate the low and high turnover generating items,
and to separate the items that need relatively low and high inventory investment, the analytical tool
developed from the demand and the supply perspective shows that 87% of the items are well
positioned. The analytical tool has decreased the number of items that need further analysis from 315
to 41 items. Furthermore, scenarios can be developed which show the consequences for the percentage
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of the turnover covered by the stock items. It also shows how the inventory investment changes when
certain stock items are made non stock items and vice versa.

However, the tool remains a tool and one can not rely blindly on the recommendations of the tool. The
items should be further analyzed before making the decision whether to stock or not to stock them. For
instance, a reason not to stock an item when the tool recommends to stock the item is that the item is
too perishable and the risk for obsolete stock is too high. A reason to stock an item when the tool
recommends not to stock an item might be that an item has a sales potential in the coming months,
while it has not been sold much before. The analytical tool provides a quick insight which items are
candidates for stock/non stock item changes, so that not items should have this more detailed analysis.
This case study provided therefore a good example how the analytical tool supports the complicated
CODP decision.

The case of Jan Dekker International showed that in the scenario of the analytical tool the percentage
turnover covered by stock items is 96.7%, which needs 14.1% more inventory investment. The
increase in inventory investment needed to reach the ideal situation is quite large. Partial solutions can
be chosen but managers could also look for other ways to decrease inventory levels.

One of the possibilities is to look for closer ties with customers. It should be made clear that a win-win
situation can be created by sharing forecasts. Customers are more sure that their items will be
available on stock. Forecast sharing means that the forecast error can be reduced, which has a direct
effect on the safety stock. The use of forecasts by customers might be, however, quite different. Some
of the customers have no forecast, and some of them have forecast which is not reliable. Therefore, it
should be verified whether the forecast are indeed reliable or not. For customers who offer a reliable
forecast, it is possible to decide that the items for these customers are made to stock. For the other
customers who wish a short lead time but who do not have a reliable forecast, it remains an interesting
question how to satisfy their customer needs. In this case it is important to educate the customers. It
should be made clear that customers can not always expect to be delivered in a short time period.
Appendix D gives three examples of the case study company how to analyze customers to find out
their opinion concerning logistics and how to analyze the reliability of their forecast.

Another interesting possibility to decrease inventory levels is to start a research, which should show
how to set adequate inventory levels in order reach an acceptable service level, i.e. the percentage of
orders that can be fulfilled immediately from stock. It is important to have high service levels for MTS
items. Lead times are communicated to the customers. When it is communicated that an item is a MTS
item, the customer will take a short lead time into account. Long lead times for MTS items will
therefore cause customer dissatisfaction.

Also, the quality of the forecast could be further researched. It would be worthwhile to know why
forecast errors are made and how the quality could be improved. An example of this analysis is given
in Appendix E. Potential causes of the forecast errors, which are mentioned by the French employees
of Jan Dekker International are depicted in a fish diagram.

7.3 Suggestions for further research

As already stated in Section 7.2, the tool remains a tool and one can not blindly rely on the
recommendations of the tool. The items should be further analyzed before making the CODP decision.
A suggestion for further research is, therefore, to develop an analytical tool which includes more
decision variables.

The analytical tool is a reactive tool. It describes the current situations. Further research should
develop a tool that can describe future situations, so that it will be proactive. For instance, one could
use the forecasted average turnover per month for the coming months. This needs accurate forecasts.
However, the CoV will be less relevant when the forecast quality is good, because less safety stock is
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needed when the forecast error is low. Would less forecast errors result in more MTS items? At Jan
Dekker International this question will be positively answered. Appendix D shows that the items that
are ordered by customers that provide reliable forecasts should be MTS items. Future research on the
impact of reducing forecast errors on the CODP decision.

Figure 1.1 has shown that 4 different customer order decoupling point decisions are possible. This
analytical tool has only included the MTO and MTS possibility. Further research can be conducted to
create insights how the Assemble-To-Order and the Engineer-To-Order possibility can be included in
the analytical tool.

And finally, more case studies can be conducted to obtain more empirical evidence. This master thesis
has presented the insight that the demand perspective should be described by product characteristics.
More evidence is needed to strengthen the arguments that this statement can be generalized.
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Appendix A: Supply chain services questionnaire

TU/e

To discover the gap between the customer needs and the supply chain offer a customer survey is
conducted. Because Jan Dekker France has around 200 active customers, it is too time consuming to
question them all. To create a good view on the supply chain performance customers are chosen that
are working on a regular basis with Jan Dekker France and customers that are important to Jan Dekker
France. The turnover per customer is taken as a selection measure. In figure A,1 the graph of the
cumulative percentage of customers vs the cumulative percentage of the turnover of Jan Dekker
France is shown. It can be seen that 20% of the customers generate almost 90% of the turnover.
Therefore, the customers of this top 20% group are chosen for the survey. In total, 15 customers have
responded, meaning a response rate of 37,5%. The customers were questioned by telephone. The
persons who responded to the questions were either purchasers or operational purchasers. Depending
on the openness of the customers, the questionnaires took between 5 and 30 minutes.
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Figure A,1 The cumulative percentage of customers vs the cumulative percentage of the turnover

The survey consisted of two parts. The first part contained closed questions. Nine supply chain
services were mentioned and the customers had to give a mark between 1 and 5 to each service. The
supply chain services were the following:
1. Lead time: The time that passes from the moment that an order is placed until the moment that the

products are received by the customer;
2. OTIF delivery: Delivery On Time In Full, which means that the right products are received by the

right customer at the right time;
3. Flexibility: The flexibility in terms of the possibility to change the delivery date or the order

quantity;
4. Communication: The communication on the delivery date and the lead times;
5. Problem Solving: The speed of taking preventive and corrective actions when problems occur;
6. Follow-up of forecasts and contracts;
7. Remaining shelf life: The period that is left until the best before date;
8. Specific customer demands: The demands of customers that are different than the standard wishes,

like special packaging or special pallets;
9. Urgent deliveries: The response when a delivery is urgent.
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To introduce part I of the questionnaire the following question was asked:
"Je vais enumerer quelques service logistiques actuels. Voudriez-vous donner un note au chaque
service entre I et 5, Ie I etant tres mauvais et Ie 5 la meilleur note."

This question was followed by naming all supply chain services mentioned above. The questions were
noted by the researcher in table A,I. Some customers wanted to make remarks and these were noted
too. When customers gave a low mark to a certain service, an explanation was asked. For instance, in
the case when customers were not satisfied regarding lead times, the following questions were asked:
"QueI delai de livraison souhaitez-vous?" and "Travaillez-vous avec des previsions?"

The second part of the survey contained open questions. The strengths and weaknesses of the supply
chain service were asked.
This part of the questionnaire was started with the following question: "Pourriez-vous donner les
points forts et les points faibles de notre service logistique?" Again, an explanation was asked why
customers thought that certain supply services had strengths and weaknesses.

The questionnaire was ended by the final question "Est-ce que vous avez d'autres remarques
concernant nos service logistiques ?" Then the customers were thanked for their participation.

The results of part 1: closed questions

Figure A,2 shows the results of the first part, in which customers were asked to give a mark between I
and 5 to each supply chain service.
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Figure A,2 The average mark of each supply chain service

In general it can be said that customers are quite satisfied with the supply chain services of Jan Dekker
International. All average marks are higher than 3. The figure shows that OTIF deliveries, problem
solving, and the communication are important strengths. Lead time, flexibility, and urgent deliveries
have obtained the lowest average marks. The response rate was low on the services follow-up forecast
and contracts, remaining shelf life, and specific customer demands, because the persons interviewed
did not know the answer or the question was not applicable for their situation (e.g. they do not have
forecasts).
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Results part 2: open questions

rU!e

Figures A.3 and AA show the results of the second part of the survey in which customers were asked
to give the strengths and weaknesses of the supply chain service. The answers are grouped in several
main classes.
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Figure A.3 Strengths of the supply chain service

Figure AA also support the findings of part 1 of the survey. Communication, OTIF deliveries, and
Problem solving are important strengths. Besides this, also the knowledge about products, customers
and orders are mentioned as a strength.
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Figure AA Weaknesses of the supply chain service

Also figure AA supports the results of part 1 of the survey. Lead time and flexibility are mentioned as
weaknesses. The air freight cost which should be paid in cases of urgent deliveries is also mentioned
as a weakness.
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Societe:

Responsable Achats:

Performance de Jan Dekker

TU/e

Service Logistique

Points forts:

Points faibles:

Table A.I Questionnaire supply chain services
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Appendix B: Inventory model

As a rule of thumb Jan Dekker International has an inventory level for stock items that covers two
months average demand. Furthermore safety stock is held which is judgmentally determined and
differs per item. This stock policy is modeled as a (R,S) inventory strategy (Silver et aI., 1998, pp 275).
Assumptions are made that the lead time is deterministic and two months for all items, which is
approximately the average lead time for all items (see figure 2.4). Because Jan Dekker International is
working with an information system to manage inventory levels, which can be accessed at any
moment in time, a review period R of 0 is chosen.

The order-up-to-Ievel S is chosen in such a way that the average demand is covered during the review
period (or during the lead time) plus a safety stock. The level of the safety stock is based on customer
service. It is assumed that the fraction of replenishment cycles in which a stock out does not occur
should be 95%. The formula D.l shows the safety stock calculation (R=O):

(D.l)

(D.2)

ss is the safety stock (kg)
k is the safety factor

CYi,L is the standard deviation of the demand during the lead time (kg)

CYi is the standard deviation of the demand per month for item i (kg)

It is assumed that the demand is normally distributed and the demand is independent and therefore the
safety factor k is 1.65 to have a service level of95%.

The order-up-to-Ievel S for item i is therefore:

Si = (R + L)· Di+ kCYi,R+L

Si is the order-up-to-Ievel for item i (kg)

R is the review period (months)
L is the lead times (months)

Di is the average demand per month (kg)
k is the safety factor
CYi,L is the standard deviation of the demand per month during the lead time for item i (kg)

The average inventory level Xi of item i is:
lo+R+L

Xi = fXidt
1=10

Xi is the average inventory level

t is the time (months)
R is the review period (months)
L is the lead time (months)
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This average inventory level is approximated by assuming that the demand is linearly
decreasing. At t=to the inventory level if item i is Si and at t=to+R+L the inventory level of
item i is SSi. The average inventory level of item i in this (R,S) system (R=O, L=2, k=1.65) is:

- S +ss (R+L)·Di+k·(JiL +k'(JiL L·Di r;: - r;::;
X. = I 1= " =--+k'-vL'(J. =Di+1.65·-v2·(J. (D.4)

I 2 2 2 I I

The inventory investment expressed as a percentage of the maximum inventory investment (i.e. the
case that all items are stocked) is therefore:

Lci,Xi
I(Q)=iEQ .100% (D.5)LC} ·X}

}

I(Q) is the percentage of the maximum inventory investment needed to stock items of quadrant Q.
Ci is the cost price of item i (Euros per kg)
.Ai is the average inventory level of item i (kg)

Model discussion

With the current stock/non stock partitioning the modeled inventory has a value of 5.4 million Euros.
During the months September until November 2007 the average value of the inventory held at Jan
Dekker International was 4.6 million Euros, meaning a deviation of 15%. This might have several
reasons:

The model assumptions are not realistic. The demand is not independent and normally distributed.
A gamma distribution and a correction factor for the interdependency of demand might be more
appropriate;
The model has a mechanical character, but in reality more flexibility is possible. For instance in
case of emergency items can be flown in, which means that lower inventory levels are needed to
cope with these emergency cases. Also, it might be possible to foresee larger orders, so that
inventory levels can be adjusted;
Not all products have a safety stock which guarantees a 95% service level. Currently the safety
stock level is judgmentally determined and no standard safety stock policy is applied. To give an
impression or current service level it is measured which percentage of the order meets the delivery
date requested by the customer. During week 36 and week 46 the requested delivery date and the
delivery date promised by Jan Dekker International were measured. When these two dates are
equal, the requested delivery date is met. There can be two reasons why the requested delivery
date is earlier than the promised delivery date. First, the customer can request unrealistic delivery
dates, for instance by asking a 1 week lead time for a non stock item. Second, the item can be
stocked out. Currently around 17% of the orders do not meet the requested delivery date, but it is
not known which part is caused by a stock out.
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Figure B.1 Percentage of the order meeting the requested delivery date per week in 2007

It will be very complex to model all different replenishment policies and the flexibility possibilities.
The model will also be more difficult to understand, when mathematical adjustments are made. The
purpose of the model is not to know the exact value of the inventory investment, but to get an
impression what would happen in different scenarios. Therefore it is chosen not to change the model.
But because the model estimates a higher inventory investment, the value of the inventory investment
is not taken as an absolute value, but as a percentage. For instance, the modeled inventory investment
of the stock items is taken as a percentage of the modeled inventory investment in the case all items
are stocked, which is done in paragraph 4.2. In this case it is not important to know the absolute value
of the inventory, but the fraction it represents of the whole to get an indication whether a group of
items needs relatively high or low inventory levels. Also, an increase or decrease of the modeled value
of the inventory investment is indexed with the modeled current situation taken as the value 100. This
gives an indication what would happen in reality. For instance, in the modeled situation an indexed
value of 110 will mean an increase of 10% of real inventory investment, i.e. 0.46 million Euros.
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Appendix C: Stock item and non stock item changes
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Table C.I shows the stock item and non stock item changes proposed by the analytical tool developed
from the supply and the demand perspective.

stock item sold 0 quadrant 1 stock quadrant 2 non quadrant 4 non
or 1 months in items to be made stock items to be stock items to be
2007 non stock items made stock items made stock items

49211 29500 28668 33698
49639 49004 49140 49382
54702 49013 49279 49630
56022 49141 49282 52067
56050 49187 49316 55270
70259 49248 49322 55330

49383 49325 55331
49604 49427 55504
49651 49537 55508
52300 49631 56048
55066 49671 59016
58030 52152
99085 55272

55507
58054
58601
70179

Table C.I Candidate items for stock/non stock item changes
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Appendix D: Logistical analysis of customers
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In this appendix the logistical aspects of the customer interviews at Customer A, Customer B, and
Customer C are described. Given the information of the interviews recommendations are given
concerning the key performance indicators OTIF (on time in full delivery) and Stock Availability
(should stock be held for customers to deliver fast?). A summary of the findings is given in Table D.l.

Customer OTIF Stock availability
Customer A Communication about delivery dates Stock can be held, because forecasts are

and quantities is extremely important reliable and the obsolete stock risk is small.
and it confirms the partnership.

Customer B Communication about delivery dates in The customer is inexperienced in forecast
terms of weeks is important. Delivery sharing. Holding stock for non-stock items
date deviations in terms of days for non is very risky and only worthwhile when the
urgent deliveries are acceptable. customer appreciates it. A close follow-up

on the forecast is needed.
Customer C OTIF IS an important criterion to Stock can be held, because forecasts are

evaluate the performance of suppliers. reliable and the obsolete stock risk is small.
Confirming delivery dates as soon as
possible is important. This decreases the
uncertainty for Customer C.

Table D.I Summary of the logIstIcal analySIS of customers

Customer A

(Interview with the raw materials and subcontracting purchasing manager)

General customer information
Customer A generates the highest turnover per customer for Jan Dekker France. The company sells
two brands: X and Y. X is a luxury brand on a niche market, whereas Y is a mass market brand
focused on young women. Because of the market characteristics Y should respond faster to the market
developments than X. The Jan Dekker International turnover partitioning between X and Y is 94% to
6%, implying that Jan Dekker International is mainly dealing with a customer in the luxury cosmetic
industry.

Customer's operational purchasing organization
Purchasing is done centrally for all production sites in France. When purchasing three goals are taken
into account: high quality, low price, and high deliver reliability. Because X is in the luxury cosmetic
industry quality is very important, resulting in tight and dedicated quality specifications. Price is seen
as the easiest goal to control. Deliver reliability is the hardest goal to control. Customer A sends
supplier evaluation sheets every year, which depict Jan Dekker International's performance on the
three goals.
Forecasts are made for the coming 9 months. Because of seasonal influences and the introduction of
new products it remains hard to forecast accurately. The forecast is however frozen for the upcoming 3
months. Freezing the forecast of 3 months is needed, because for ordering standard ingredients
Customer A strives to a reduction of ordering moments to 3 of 4 times a year. Because the forecast is
frozen, the predicted demand for the upcoming 3 months is relatively predictable. It is not likely that
Customer A changes suppliers in short term, because ingredients of different suppliers have different
impacts on the product fonnula, leading to quality and safety risks. The biggest problem is the case
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when a product is more successful then was forecasted. This means that at least the forecasted amount
will be purchased.

View on suppliers
Customer A sees suppliers as partners. Transparency and good communication are the most important
aspects of the partnership. It is very important that the correct delivery dates are communicated. The
focus lies on availability to avoid production stops. At the moment the management of Customer A
has no objective to reduce inventory and consequently also no objective to reduce supplier lead times.
Long and reliable lead times are preferred over short and unreliable lead times. Even when an order
can be partially delivered, it should be communicated and Customer A accepts partial deliveries. It is
also important that the right estimated lead times are communicated, so that the right order moment
and order quantity can be chosen.
Forecasts should be seen as a tool for the supplier and it is not an engagement. Because Customer A
has more than 100 suppliers, forecasts are not sent to every supplier automatically. Jan Dekker
International can ask for a forecast and for an explanation on the forecast.

Conclusion
Customer A is an important customer that wishes for a partnership with Jan Dekker International.
Good communication and transparency are the most important ingredients of this partnership.
Forecasts are reliable for the upcoming 3 months, because the forecast is frozen for this period and
Customer A will not change their supplier easily. It remains possible that more is ordered than was
forecasted because of successful selling of products. Having products stocked for Customer A will
therefore not lead to obsolete stock.
Because of the reliability of the 3 month forecast and the low risk of obsolete stock, stock availability
of products ordered by Customer A should not be an issue. Effort should be put on the communication
about the delivery reliability, because this is the most important criterion of Customer A.

Customer B

(Interview the production and raw materials purchasing director, and the raw material purchaser)

General customer information
Customer B sells luxury cosmetic brands on a niche market (mainly Europe) and is the number 4
customer of Jan Dekker France regarding turnover.

Customer's operational purchasing organization
Purchasing is done by a purchasing manager, who is also the production manager. R&D informs the
purchasing manager when a product should be produced.
It is difficult to forecast which quantities should be purchased in the upcoming months. R&D informs
Purchasing at the last moment and no meetings are organized concerning the raw material needs. Only
on about 5-10% of the products Purchasing is informed well. These products are the principal "action
products", which are used for important marketing objectives.
Each week the production schedule is adjusted and therefore it is necessary to recalculate each week
what should be purchased. Hence, it is possible that the requested delivery date changes. When
production is advanced, the order is advanced. However, when production is postponed, often the
delivery date is not changed, because this is too much work.
Although it is difficult, it is possible to make a reliable forecast for the upcoming 3 or 4 months for
standard products. But for new products it remains difficult, because Purchasing is informed at the last
moment about the production needs of new products.

View on suppliers
Customer B has a few hundred suppliers. To limit the risk of raw material stock out, approximately 2
months of stock is held. Besides this, Customer B has at least two suppliers for the most important raw
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materials. However, around 90% of the raw material purchasing volume is done at only 40 preferred
suppliers. Most of the ingredients are bought at European distributors. The role of purchasing is seen
as a battle with the suppliers to get the raw material on time at low cost. The supplier performance is
not measured and only the errors that are recently made are remembered.
For Customer B it is important to be well informed about the delivery dates in terms of weeks. It is not
an absolute criterion in terms of a few days. Deliveries that arrive I or 2 days too early are not refused
even when they are not informed, because Customer B understands that each supplier deals with
transport uncertainties. Also late deliveries are accepted when this does not influence the production.
In the case that the ingredients are urgently needed, late deliveries are not accepted and the supplier is
contacted immediately. Customer B is willing to accept partial deliveries when stock is not available
but urgently needed.
Besides delivery time information the quality of the packaging is important. Recommendations about
desired lead times are not made.
Sharing forecast is a sensitive subject, because it is believed that the information influences price
negotiations. Up until now forecast are not shared with Jan Dekker International. But when a forecast
sheet is sent, Customer B is willing to fill in the forecast.

Conclusion
Because Purchasing is informed at the latest moment orders might look as urgent rush orders. It is
important to agree a realistic delivery date in terms of weeks. In terms of days Customer B seems to be
quite flexible when it concerns a delivery date deviation of a few days for non critical products.
Regarding stock availability it is hard to forecast how much and when Customer B the products needs.
A forecast sharing project will be started, but the forecasts should be treated with caution, since
Customer B is not experienced in forecast sharing. It is very risky to keep the forecasted products on
stock when it concerns non stock items. Also, because the supplier performance is not evaluated and
only errors are noticed, it is doubtful if Customer B really appreciates fast and on time deliveries. It
will be a challenge to change the relationship with Customer B from a battle to a partnership. Perhaps
it is an idea to evaluate Jan Dekker International's own logistical performance for deliveries to
Customer B. This way they get a better view of JDI's logistical capabilities and not only the negative
aspects.

Customer C

(interview with the raw material purchaser)

General customer information
Customer C is the number 3 customer of Jan Dekker France regarding turnover and it sells different
luxury brands.

Customer's operational purchasing organization
Customer C classes the raw materials into three groups: A, B, and C items. A items are strategic items,
which have much attention of the purchaser. Customer C strives for an increase in the order frequency
for these items. B items are of medium importance and C items are non strategic commodities, which
are purchased every 2 or 3 months.
Customer C works with forecasts, which are in general reliable for the upcoming 6 months. It is
however hard to forecast the needed ingredients for products that have just been launched on the
market. Also, because one of the brands informs the purchaser at the last moment, it is hard to forecast
the needed ingredients for this brand. In general, Customer C does not order less than was forecasted,
because changing the supplier is difficult and they will produce what is forecasted. It is however
possible that more is ordered than forecasted when a product is more successful than forecasted. To
give an indication what Customer C is going to order in the upcoming year, the 6 months forecast
multiplied by two can give a good estimation. It is always possible to ask for an explanation on the
forecast.
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View on suppliers
Customer C expects a good cooperation between Customer C and their suppliers. Customer C
measures the OnF of their suppliers and treats it as an important criterion to evaluate suppliers. The
OnF target is 90%. Most of the suppliers of Customer C have reached this performance level. Jan
Dekker International has scored 88%, which is judged as good. Customer C also measures the extent
to what their supplier meets the list of specifications. When problems occur Customer C strives for
cooperative problem solving.
It is important for Customer C to confirm delivery dates as fast as possible. Not confirmed delivery
dates mean uncertainty for Customer C. If Jan Dekker International can not deliver on time, it is
possible to deliver partially to avoid a production stop.
According to Customer C Jan Dekker International should improve their lead times.

Conclusion
Customer C expects good collaboration with their suppliers. Jan Dekker International scores well on
OTIF, but it should improve the lead times. Forecasts can help doing this. In general forecasts are
reliable for the upcoming six months. It is not likely that less than forecasted will be ordered. Hence
items for Customer C can be stocked, because the risk of obsolete stock is small. It is possible that
more than forecasted will be ordered. In this case partial deliveries are a solution.
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Appendix E: Potential causes of forecast errors
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Figure E.! shows potential causes of forecast errors mentioned by the employees of the French
affiliate. The causes are listed in more detail below.
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Figure E.! Potential causes of the forecast inaccuracy

Too time consuming
Forecasts given by customers vary a lot per month. Delivery dates, order lines, quantities
of product are changed a lot by the customer;
Even confirmed orders are changed regularly;
The task to manage forecast of 200 clients is not feasible.

Missing Navision support
The sales department is discouraged when forecasted demand can not be delivered
because of forecast errors at other sales departments. The sales departments order from the
stock in the Netherlands. The orders are fulfilled, regardless whether the order was
forecasted. This implies that when stock in not sufficient, the order of the sales department
that ordered last will not be satisfied, even if this order was forecasted;
It is not possible to enter contracts in Navision, but only orders. So orders are not linked to
contracts;
The Sales department receives information per customer, while the forecast should be
entered on SKU level, which causes a lot of manual data changes.

Missing information
Customer information arrives in different forms at different persons. Sales managers
receive information about the contracts and long term agreements, while Customer
Service receives information about the distribution of demand. It is not clear whose
responsibility it should be to make these forecasts: Sales Managers, Sales Support or
Customer Service;
Historical data is not analyzed;
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The Sales department should know its forecast already at least 3 months ahead, which is a
long period;
The forecast accuracy is partly evaluated and no feedback is given to the Sales department.

Missing skills
It is not clear how the Excel file should be filled in, i.e. how to deal with orders, contracts,
historical data, forecasts of customers;
Help and tools are missing;
No feedback is given on the forecast;
The sales department has little knowledge about logistics. Forecasting is not seen as an
important aspect to improve the logistical performance.
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Appendix F: The role of the French warehouse

When looking at the supply chain, a French customer can be served in two ways. Suppliers always
deliver to the warehouse in the Netherlands, where ingredients are centrally stored and quality checks
are made. French customers are either delivered directly from the Netherlands or via the warehouse in
France. The supply chain towards French customers and the corresponding lead times were shown in
Figure 5.3. This appendix presents the results of the analysis of the role of the French warehouse.

Figure F.l shows the average values of the number of deliveries, the weight per delivery and the lead
times are shown. The warehouse in the Netherlands is called JDNL. The warehouse in France is
outsourced and it is called MG. It can be seen that larger deliveries in terms of weight are delivered
directly from the warehouse in the Netherlands. The smaller deliveries are first delivered in groupages
to the French warehouse There, the groupages are dispatches and further transported in the form of
"messagerie deliveries" (light weight freight) and groupages.

....----------------3(Iays'---------------_

deliveries perr.-·---------.-·-------.--....---'9=51 kg per delive~:ry:·-..---·----·-----·------,

Warehouse C
MG ustomer

j-- ._oo.__oo:: groupages por week . ~ '" m• ...,,"""",",,W.'" ("",_-'f-
3751 kg per grolJpage -- .\\;/ 5,5 g,oupages per week (1277 kg) )\

...---------3days.---------_.......------1 or 2 days-----_""

Figure F.I Average values of the number of deliveries and weight per deliveries, and lead times

The items are stocked for approximately one week in the warehouse in France before being
transported further. Interviews are held with the French employees of the departments Customer
Service, Finance, and Sales to analyze the role of the French warehouse. Mentioned reasons why
inventory is held in a warehouse in France are the following:

Double product check. MG can verify the quantity, the quality of the packaging, whether the labels
correspond to the number of the batch and if all documents are complete. Stock is held for
approximately one week for more security. There is no quantitative analysis available how many
errors are prevented by MG and whether MG checks every order. The double check is not included in
the contract of MG, but it is done as a service. Each week an employee of customer service visits MG
to check the problems, but the problems are not registered. The number of errors made by the
warehouse in the Netherlands is measured by means of non-conformity reports (NCRs), which are
whon in Figure F.2. The most occurring NCRs (24 in total resulting from approximately 630 orders) in
2007 are:

product non-conformity: products are not according to customers specifications
damages: damaged packaging
missing documentation / labeling, like missing or wrong Certificate of Analysis
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Types of NCRs in 2007
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Figure F.2 Types ofNCRs in 2007

Table F.l shows the cost of the French warehouse. Messagerie and groupage costs are transport costs.
Inventory costs are holding costs. The invoiced inventory per month is calculated as the end month's
inventory plus all deliveries of that month. Warehousing costs are product and order handling costs. In
2006 an increase in the number of groupage deliveries is noticeable.

)AfMG (20022007 2007 Jost 0 - , anuary - u ust
Total Cost Messagerie Groupage Inventory Warehousing Total

2002 43844 25752 7536 47188 124321
2003 50311 29847 8805 51615 140578
2004 51973 25476 10189 59491 147129
2005 72102 46698 14693 71406 204898
2006 74001 70875 25087 101121 271085
2007 36168 21512 7973 37661 103314

Table F 1 C

A difference can be seen in the stock patterns of 2006 and 2007, which can be seen in Figure F.3 and
Table F.2. Invoices of MG from November 2005 to May 2007 are used to analyze inventory levels.
When assuming that all deliveries arrive at the beginning of the month and that demand occurs equally
during the month, the stock levels at MG can be showed as in Figure F.3. In 2006 more deliveries have
taken place via the warehouse ofMG than in 2007. Figure F.3 shows higher inventory levels. A given
explanation is that the number of delivery failures for deliveries from the Netherlands to MG has
increased. Therefore, customers, who were formerly directly delivered, were delivered via MG. This
information confirms the idea that the more delivery failures take place, the more deliveries will be
done via the French warehouse.
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Figure F.3 Inventory levels at MG (November 2005 to May 2007)
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Being a hub. Every day a truck arrives in France and almost immediately the good are transported to
the customers by MG. These deliveries concern last moment orders and products that need special
warehousing (e.g. oils). Table F.2 represents the costs of MG in percentages. It can be seen that the
warehousing costs represent a large part of the costs. It is therefore doubtful if indirect transport is
cheaper than direct transport.

MG (2002 2007)fcentage 0 costs -
Percentage of
total cost Messagerie Groupage Inventory Warehousing

2002 35 21 6 38
2003 36 21 6 37
2004 35 17 7 40
2005 35 23 7 35
2006 27 26 9 37
2007 35 21 8 36

Table F.2 Per

Buffer for late deliveries. The transport to the French warehouse and the direct deliveries is
outsourced to the company Road Air. On average, Road Air delivers 2.8 times per week to the French
warehouse (average weight of3751 kg per groupage) and it delivers 5.6 times per week directly to the
customer (average weight of 951 kg per delivery). In the first 27 weeks of 2007 the average
performance (on time deliveries plus non controllable failures) of Road Air was 94%. 88% of the
deliveries were on time. According to the transport company, these percentages are market conform.
The overall performance of Road Air (deliveries to all customers), the performance of deliveries to
French locations and the on-time deliveries to French locations are represented in Figure F.3. Causes
of controllable failures of Road Air in 2007 (13 in total) are presented in Figure FA and are mainly
classified as planning problems, e.g. wrong date, or delays at former tours.
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Figure F.3 Road Air's performance (January to July 2007)
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Causes of controllable transport failures
of Road Air in 2007
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Figure FA Causes of controllable transport failures of Road Air in 2007

Pick-up by the customers themselves. Some customers have their own pick-up transport service,
which are not willing to go to the Netherlands. Stock should be available in France so that the
customer can pick it up the next day. An estimation of the percentage of this type of orders is 15-20%
(709 pick-ups in 2005).

Complexity of ordering dates groupage. Orders for groupage deliveries can only be transferred 3
times per week. As a consequence, goods are delivered only 3 times a week at MG. To avoid this
complexity, a groupage order arrives already about 1 week before delivery date. It is doubtful that this
is an acceptable reason to have a warehouse.

Buffer for little delivery time changes. Sometimes a customer asks to have a delivery a few days
earlier. This is now possible, because products are already in stock in France. When a customer
postpones the delivery date a few days, there is no need to change this in the information system, but it
can easy be organized by the French customer service. Some customers also ask for an appointment to
deliver at certain hours. It is doubtful whether this occurs often or whether it can not be negotiated
with the customer that delivery date changes at the last moment are not possible.

Being sure of stock. Because of the central warehouse system the different sales centers have to share
the stock. Forecasted products for France might be delivered to another sales centre who didn't
forecast, because the information system can not cope with this problem. The inventory in France is
seen as the only method to be sure that France will get the products they have forecasted or ordered.
Again, the French warehouse is used as an error prevention.

Easy problem solving. Due to the good long term relationship, problems detected by MG are
communicated quickly and solved easily. MG is located about 20-25 minutes in the northern direction
of the office in France. It is preferred to have a warehouse located close to the office, because one can
easily visit to have a look on the products. It is to the French employees not known whether problems
could also be solved easily by the company Road Air.

Conclusion

At the moment the distinction whether a French customer is served in a direct or an indirect way is
based on whether customers wish to pick up their ingredients themselves from a French warehouse,
and the geographical location of the customer. Customers who wish to pick up the products
themselves are not willing to go to the Netherlands, but they wish to pick up their products at a
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location in France. This group of customers represents approximately 20% of the order stream for Jan
Dekker France. Customers located in the north of France are supplied directly from the warehouse in
the Netherlands. Customers located in de middle and south of France are supplied via the warehouse
in France.

Cosmetic ingredients that are delivered indirectly to French customers are stocked for approximately
one week before transported further to the customers. This is done to create buffer time for delivery
failures, because it is believed that the number of OTIF deliveries (On Time In Full) increases. The
NCR analysis and the performance analysis show that the number of errors is not very high (24 NCRs
out of 630 orders and a transport performance of 94%). It is therefore doubtful that the costs of an
additional warehouse in France provide the worthwhile to correct the errors. It might be a better idea
to invest the money in error preventive actions than into error corrective actions like the warehouse.
However, for the customers that like to pick up their items themselves, the warehouse in France serves
as a service towards customers, which is an acceptable reason to have a warehouse in France.

The French employees have not responded that one of the reasons to have a warehouse in France is
that customers expect such a short lead time that the products can not be delivered from the
Netherlands. At the moment no stock is held in the decentralized warehouse for customers who desire
a lead time of 2 days. The customer survey of Appendix A confirms this. It appeared that customers
were medium satisfied with lead times. However, the customers spoke more about lead times in terms
of weeks, than in terms of days. Also, it is advised to have centralized stock, so that synergies in safety
stock can be reached. Therefore, the French warehouse is not considered as a potential customer order
decoupling point.
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