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PREFACE

This report is the result of the last challenge of my Master studies at Delft University of
Technology, entitled Systems Engineering, Policy Analysis and Management (SEPAM) at the
Faculty of Technology, Policy and Management. This report forms the graduation thesis thereof.
The research described in this report was conducted from April 2009 until November 2009.
Based on my research a scientific paper has also been written. My research was supported by
KPMG IT Advisory; | really appreciate it that they offered me the opportunity to write my thesis
with them. KPMG offered me a great help with my thesis and also made it fun due to several
social events that were organized during my stay: they really kept me motivated!

The topic of this research is inventory management and in particular the performance
measurement thereof. This report also made a first attempt to see what influence the use of

Enterprise Resource Planning (ERP) software has on inventory activities.

| worked on this project with great pleasure. | am personally very proud of the final result and |
sincerely hope that you as a reader will also enjoy reading this thesis!

Delft, December 2009,
Guido van Heck
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EXECUTIVE SUMMARY

Over the past decade, the Enterprise Systems (ES) industry has proven to be an enormous
growth market. The broad adoption and enormous attention from the business world in ES is
considered the most important development in the corporate use of information technology
during the 1990s. The ES market has become significant. The last couple of years the attention
paid to this phenomenon in literature is slowly increasing again as well.

Enterprise Resource Planning (ERP) is an example of a typical ES software application. ERP
software packages aim to integrate and support as many information flows in organisations as
possible. ERP typically integrates business processes with information technologies. ERP is
strongly related to Business Intelligence (BI), because the gathering and centralised storage of
data in order to create more business insight is a key characteristic of Bl. Furthermore, most of
the reporting that is done within ERP concerns Bl. Because ERP covers a wide range of domains,
it is chosen to focus on one specific domain: inventory management in this case. The
expectations of ERP are generally quite high. Organising the internal logistics using ERP software
is aimed at the improvement of processes and creates greater performances. However, where
the exact benefits are and how it is possible to measure those is still quit unclear: a good Bl tool
is lacking. Although there is only limited insight into the actual benefits available, many large
companies implemented ERP packages. The Bl tools available in ERP which should provide insight
into the improvements are not always used optimal. With the proper use of Bl tools a lot more
can be gained from the implemented ERP-systems. Currently the descriptions in literature on
how to measure performance are generally too specific (e.g. focussing on single metrics only) or
take a perspective that is too broad for inventory management (e.g. focussing on the whole
supply chain). An effective Bl-tool, applicable for measuring the performance of inventory
management and which provides a good insight into the operational coherence of different
factors, does not seem to be available in today’s literature.

Due to the absence of an inventory management specific performance measurement evaluation
tool, this research is conducted to acquire that knowledge. Still some interesting improvements
can be made in this field. ERP claims to provide several improvements at this point and a good
performance measurement tool would help to evaluate those statements.

GOoAL

A good performance measurement tool is needed to provide a structured way to gain insight in
inventory management’s business processes by monitoring relevant metrics. Such a tool would
also complement existing Business Intelligence literature. Here lies the challenge of this research
and therefore the corresponding research goal was formulated as follows:

The research goal is to design a tool for assessing inventory
management’s performance.

Besides the goal stated above, this research also entailed a first attempt to actually find
guantitative proof for the possible improvements yielded by ERP.

RESEARCH STEPS

To achieve the above goal, several research activities were performed subsequently. First the
theoretical background was investigated and described based on literature. Within ERP,
information is kept from an entire organisation: using business intelligence tools this information
can be used to create advantageous insights in the operations of an organisation. Due to the
centralised storage of data from all departments within an organisation, an integrated, real-time
and centralised environment is created which makes faster, more accurate and more extensive
business (intelligence) monitoring possible. Here lies the potential strength of ERP. ERP might be
used to actively monitor inventories in order to make sure that the costs of keeping inventories
do not become too high and the offered service levels are not becoming too low either. These
two objectives form the two main goals of optimal inventory management. The main reason for
keeping inventories is uncertainty: stocks create a buffer to cope with that. An inventory
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management performance measurement tool could offer more insight into the source of these
uncertainties and helps to improve this process. Furthermore performance measurement makes
benchmarking between situations, and before and after changes, possible.

The theoretical background was followed by an analysis. To design a performance measurement
tool, first a good analysis of the current situation and the information-need is necessary. The
analysis focused on the mapping of the typical business process steps taking place within
inventory management. The following five main processes were found:

MRP-parameters
+ Orders Forecasting Purchase Goods receipt Storage Goods issue

Each process step was described in detail: within some of these steps, several activities took
place again. Next the potential benefits provided by ERP where investigated and allocated to the
above process steps. The figure below shows the entire inventory management process; with
each identified potential ERP benefit, allocated to a specific process step:

Link with Quality Management,

. Link with Finance,
Link with Sales Link with Finance

Link with Purchase

11.Less
faults due to
master data

.
\

Goods receipt 5.Three-
2.Vendor 3.Assign N P S way-match

1.MRP contracting approved
(Improved registration suppliers

planning)
l

MRP-parameters
+ Orders

Forecasting /
Planning

l Goods receipt Quality Check '

4. 6.Supplier
Advanced reliability
budget monitoring N

control

Link with Finance Link with Purchase

8.Dead
7.Inventory S

turnover stock
Visibility’ visibility
Record Stock

Storage

10.Better
handling

rush orders H
Goods

Issue '

Move
g

9.Less waste
due to better

information

The structured allocation of the potential benefits provided by ERP within the inventory process
steps created hypotheses. In total eleven points of optimization offered by ERP were found.
These benefits are actually potential benefits, because it still has to be proven that the identified
benefits are actually achieved in reality; therefore these eleven potential benefits formed
hypotheses. The hypotheses functioned as a test for the final performance measurement
framework, because it shows how the model might be used.

To evaluate the performance in each process step a specific method must be followed. What
technique is best suitable for this application was therefore evaluated accordingly. Listing
existing performance measurement techniques resulted into the following techniques:

e Key performance indicators

e Balanced scorecard

e  Return oninvestment

e Net present value

e  (Critical success factors

e SCOR

XIV | INVENTORY MANAGEMENT



From the above techniques, Key Performance Indicators (KPIs) are chosen as the most suitable
measure to use, because other measurement techniques basically all rely on this method as well
and with KPIs the designer can freely chose and categorize relevant metrics which is seen as an
advantage. This freedom makes this technique suitable to create an own categorization which
suits the process steps identified earlier.

THE FRAMEWORK

To construct a measurement tool (a framework), first a large number of different sources of
literature were consulted to acquire a large set of KPIs, relevant for inventory management. This
created a long-list of relevant KPIs. Next a selection was made, based on duplication and most
popular KPIs, but also based on interviews with experts and the theoretical background
described at the beginning. Finally the selected KPIs were mapped on one of the five process
steps identified during the analysis. At the top of the framework the two goals of optimal
inventory management are displayed. This is basically how the final inventory performance
measurement framework is constructed. The final result looks as follows:

( N\
2\
'/ Optimal Inventory Management \
[ Appropriate service level ] Vs [ Optimal (investment) cost control j
/
7 N N [ N7 \
Process focus on: Process focus on: Process focus on: Process focus on: Process focus on:
- Cost control - Cost control - Service level - Cost control - Service level
- Service level - Service level
Supplier on time deliveries Total stock value
Forecasting accuracy pp! Average inventory Order issue time
Forecasting interval Supplier too late deliveries e e fpoere Goods issued on time
Verification mismatches AL Goods i d too late
Order lead time Number of days inventory 0ods issued too late
KPls Order cycle time 9 i Stockouts Order fill rate
Frequency of deliven ! Q\:a (37 n(ejjecuqns ’ Safety stock usage Rush orders
mber of supplier-contradts ncompReetIeu ror: oerL:JSeCtluns Overstocking
Budget;verruns Approved orders Scap perrcen(age I
f Quarantine
- For in, A n
MRP-parameters orecasting / Purchase  Hpt{ Goods receipt Quality Check Record Stock Move Goods Issue
+Orders Planning
Forecasting Purchase Goods receipt Storage Goods issue
\ J J \ J
General KPIs
Total trade value Labour Number of different items in stock
L Inventory value Labour Percentage Number of storage locations )

INVENTORY PERFORMANCE MEASUREMENT FRAMEWORK

To validate the designed framework, case studies were performed at two hospitals with different
environments. An ERP and a non-ERP environment were chosen as cases to put the developed
framework to the test with the hypotheses formulated during the analysis. This should create
insight in the applicability of the framework and creating more insight in the impacts of ERP
indirectly as well. Next to the case studies, three experts reflected on the KPIs used in the model
and indicated for each metric how important it is to measure a specific KPI. This evaluation was
added because the 33 KPIs present in the framework might be too much to implement all at
once. Based on the importance assigned to each KPI by the three experts, a TOP-10 of most
interesting KPIs to measure was constructed.

From the case studies it was concluded that it was not possible to validate all hypotheses due to
a lack of data. Looking at the metrics, it seemed that the hospital with ERP however performed
slightly better. Three (out of the eleven) hypotheses were not rejected:

e The forecasting accuracy seemed to be improved with ERP.

e  With ERP there is better support for the registration supplier-contracts.
e  ERP simplifies the three-way-match process.

Most differences between both hospitals were seen at the forecasting, purchase and goods
receipt processes: at the hospital with ERP these process steps were automated compared to
(mostly) manual operations in the non-ERP cases. These advantages are reflected in the number
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of personnel, which is far less at the ERP hospital if it is compared to the amount of stock that
has to be managed. The hospital with ERP was already in an advanced stage of arranging and
automating their processes and therefore only a few recommendations were made to them. The
most recommendations were reserved to the hospital without ERP: there was still room for
several improvements.

It was also remarkable that both hospitals currently measured hardly anything on a regular basis.
A recommendation towards both hospitals is therefore to perform periodic measurements of
KPIs. It is strongly advised to at least measure the TOP-10 KPIs in order to gain more insight in
their own process: this should be done periodically, ideally on a monthly basis.

CONCLUSIONS

The aim of this research was to develop a performance measurement tool for inventory
management. As a result a unique framework is developed which enables organisations to
measure their inventory management’s performance. Contrary to existing literature the
designed model provides a business process overview of inventory management and the
relevant metrics. The structure provided by the framework gives organisations something to hold
on to and prescribes them what to measure and how to measure it. Furthermore the framework
is unique in its design, because different process steps are represented due to its span. This is a
good aspect, as it makes sure that the accent is not on a single process or output only, but really
serves the two goals of good inventory management.

Overall the framework provided a structured way to measure the performances in two cases and
made an orderly comparison of the results possible. As a final conclusion it can be put that the
strength of the developed model lies within the structured, holistic measurement approach
which the framework represents. If the full framework is too much to implement at once, it is
strongly recommended to measure at least the TOP-10 KPIs. Off course, if it is possible one
should measure all the metrics present in the framework to gain the best insight in inventory
management processes.

GENERALIZATION OF THE RESULTS

In this research the framework was applied to hospitals, however the framework can be applied
to other industries as well, because at other organisations the same main basic processes take
place within inventory management. The framework represents inventory management process
steps which are quit generic and not very detailed, which creates the possibility to apply the
framework to various types of industries or organisations.

A second interesting opportunity for the framework lies with its possibility to test other
technologies as well. In this research the framework is used to validate hypotheses concerning
the improvements caused by ERP. Yet it is considered possible to use the framework for studying
the effects on inventory management caused by other technologies as well. Additionally in this
research the framework is used to compare two organisations, but an opportunity for applying
the framework would also be to analyse changes over time.

FURTHER RESEARCH

The framework offers several opportunities, but unfortunately limitations should be remarked as
well. First of all, the framework is developed based on various kinds of literature and expert
interviews. The list of KPIs that was comprised is not exhaustive. It is however very hard and
probably even an impossible job, to create a framework that is complete towards all situations
and scenarios. More research in other industries and with other technologies is therefore
advised to validate the completeness and applicability of the framework even further. Further
research is also recommended to test the hypotheses towards ERP even more. Finally further
research on aggregating the operational KPIs presented in the framework could be conducted.
Such a research could create a higher level ‘above’ the current KPIs, which is interesting for top
management for instance and provides an even quicker insight in the performances of the
inventory management process.
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1 INTRODUCTION

“Enterprise systems appear to be a dream come true” — Thomas H. Davenport

Over the past decades the there were huge developments in the field of information systems.
The broad adoption and enormous attention from the business world in Enterprise Systems (ES)
is considered the most important development in the corporate use of information technology
during the 1990s (Davenport, 1998), (Gable, 1998), (Kumar & Hillegersberg, 2000). The ES market
has become significant (Klaus et al., 2000), (Umble et al., 2003) and the last four years the
attention paid to this market in literature is again increasing slowly as well (Pairat &
Jungthirapanich, 2005).

Enterprise Resource Planning (ERP) is an example of a typical ES software application. ERP
software, which is commercially available, aims to integrate and support all information flows in
organisations. An ERP application typically integrates business processes with information
technologies (Wier et al., 2007). One ERP application is (in theory) able to replace dozens of
legacy systems which cost a lot to maintain because of the different expertise required. For
managers who have to deal with numerous legacy information systems and duplicate,
incompatible information, these standardised ERP software package solutions could provide the
perfect solution to their problems if these promises are indeed met (Umble et al., 2003). SAP,
Oracle and Microsoft are the three biggest vendors of ERP software. They offer various software-
packages that support many different business activities ranging from operations & logistics to
sales & marketing, to financials and human resource management for example (Davenport,
1998), (Umble et al., 2003). ERP is strongly related to Business Intelligence (Bl), because the
gathering and centralised storage of data in order to create more business insight is a key
characteristic of Bl. Furthermore, most of the reporting that is done within ERP concerns BI.

Due to the wide range of possibilities and the well-presented promises made by vendors,
expectations of ERP packages are high. The promise of a standardised (off-the-shelf) solution to
business integration problems seems very tempting (Davenport, 1998). Organising production
and (internal) logistics using ERP software is supposed to improve processes and create greater
performances as previously mentioned. Mainly large enterprises invested heavily in ERP advice,
software and implementation processes over the past decade. These investments were done for
several reasons; one of them being the optimization of internal logistic processes. More often,
small and medium sized enterprises also started to embrace and implement ERP applications
(Klaus et al., 2000), (Everdingen et al., 2000). This indicates that the ERP-market is still growing.
The reasons for implementing ERP are not always quite obvious. Most companies mainly
implemented an ERP package because their competition was doing so. In some industries ERP
has even become the standard: for example SAP has set the standard in Oil and Gas and Baan in
Aerospace (Akkermans et al., 2003). The Bl tools available in ERP are not always used optimal
and still a lot of improvements can be made at this point to gain even more from ERP-systems
(Gunasekaran et al., 2001).

1.1 PROBLEM STATEMENT

Although the prospects of ERP look promising, implementing an ERP application and setting up a
good BIl-tool to extract the useful and relevant information, for monitoring and managing
operations, is not a simple task. This usually takes several years and requires large funds
(Beheshti, 2006). Additionally in most cases the business processes will have to be redesigned
and even cultural changes in the enterprise are mostly unavoidable (Umble et al., 2003). The
investments required to implement an ES are typically expressed in millions of dollars
(Davenport, 1998). The Meta Group analysed costs and implementation times among 62
companies. They concluded that an ERP implementation process on average takes 23 months
and costs about 10.6 million dollars. This enormous spending has to be earned back. Strangely
enough most enterprises did not make any proper return on investment (ROI) calculations
beforehand (Umble et al., 2003). Also often no ERP success evaluation is done afterwards at all,
because for instance it is still vague how this can be done and measured (Ifinedo, 2008) For most
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companies ERP investments were mostly a strategic choice; no proper business cases were
worked out because benefits were presumed to be seen over a much longer period (Klundert,
2003). Much data is stored, but this valuable source of information is often only used to a very
limited extend. Most enterprises only started looking into the benefits after implementation
(Stein, 1999). Still a lot can be gained by introducing effective Bl-tools.

In literature much is written about implementation processes and teaching of ERP as Klaus et al.
(2000) indicate after extensively analyzing literature. It is mostly agreed upon that ERP
applications do provide significant benefits in organising internal (and external) processes due to
its integrated nature. Most benefits gained through ERP are however difficult to measure and
only a limited number of researches focused on expressing the benefits gained with ERP in
numbers (Klaus et al., 2000), (Hunton et al., 2003). The benefits gained from ERP systems are
thus still quite unclear: mostly it is only assumed that costs will be reduced (Ploos van Amstel,
2008), production times shortened, stock levels lowered and the customers’ satisfaction
improved for example, but no quantified proof is available. Quantifiable proof can be very
interesting, because it creates a more tangible view on the assumed benefits and makes it
possible to assess the scale of the impact caused by ERP, which is harder to predict using
qualitative research. A quantitative method to measure performances therefore has to be
developed first in order to see where the advantages of ERP actually are.

A good performance measurement tool on itself would greatly complement existing
Business Intelligence literature by providing a structured way to gain insight in business
processes. Currently within literature mostly only a limited set of metrics relevant for inventory
management are mentioned, see for instance (Hendricks et al., 2007), (Kleijnen & Smits, 2003),
(Gunasekaran et al., 2001), (Fawcett et al., 2007), (Lee & Billington, 1992). The Balanced Score
Card (BSC) (Kaplan & Norton, 1992) is sometimes used in practice to create a business
intelligence tool for monitoring different aspects of inventory management. In literature
however no clear prescription or guide to determine which metrics should be included in the BSC
are available. Besides the BSC, only limited attempts are made to structure performance
measurement of inventories. The Supply Chain Council developed a supply chain, performance
measurement reference framework (SCC, 2006) which provides some ideas about what to
measure. Their framework typically takes a very high perspective and is not suitable for
inventory management. Furthermore some attempts have been made to structure the
measurement of performance in terms of different levels, see Gunasekaran et al. (2001) for
instance. They made an attempt to structure performance metrics into three levels: strategic,
tactical and operational. None of the above literature however provides a good overview of the
coherence between different performance metric and it seems that a Bl-tool through which this
insight can be gained is not available.

There is still room left to develop a performance measurement tool that explains the coherence
between activities within inventory management, but again does not take a too broad
perspective (i.e. looking at the whole supply chain again). Especially on the operational level this
is very useful and there lies the challenge of this research. The aim of this research is also to take
the first steps towards a good way of benchmarking the performance of ERP (on an operational
level), with the focus on a specific domain: inventory management. The next section elaborates
on this scope in more detail.

1.2 SCOPE AND PERSPECTIVE

The introduction provided a general background and broadly indicated the issues at hand; this
section further narrows down the focus of this research, which finally leads to the main research
question in the next paragraph.

ERP packages operate in a wide range of different fields. ERP software consists of different
modules; especially the modules to support the supply chain have become popular over the past
several years. This is due to the fact that the interest and attention paid to Supply Chain
Management (SCM) has grown rapidly as well (Akkermans et al., 2003), (Gunasekaran et al.,
2001). Most companies have first reduced their manufacturing costs as much as practically
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possible, and they are now looking for other means to reduce their costs (Simchi-Levi et al.,
2003). One way of doing this is by effectively planning and managing the supply chain (both
internal and external). Wal-Mart is a successful example which showed that good SCM can
provide huge benefits’. Because of the gains that can be made in SCM, especially when using ERP
as the ERP-vendors claim, this will form the scope of this research: to provide more insight onto
those gains.

Recycle

Retail outlets

Customers

Outside Component .
supplier(s) Producer(s) HF'“E" Assembly

(Based on Johnson & Pyke, 2001)

FIGURE 1 A SCHEMATIC OF A SUPPLY CHAIN

Figure 1 provides a schematic overview of an entire supply chain. As can be seen the supply
chain reaches very far and therefore SCM incorporates a wide range of activities. Amongst
others, inventory management, manufacturing, operations management and logistic processes
and planning all fall within range of SCM. ERP packages originated from the automation of
manufacturing, planning and controlling processes. Manufacturing can therefore often be seen
as a core module of ERP packages, around which other activities are concentrated. Currently,
most ERP packages on the market evolved from one core functionality to other business areas as
well later on. SAP is a good example hereof, which started off as a materials requirements
planning (MRP) solution and later incorporated other activities as well, such as finance and
human resource management for example. ERP-vendors claim that their ERP-packages are able
to support activities along the whole supply chain. In terms of information management and
Business Intelligence, ERP packages aim to support the information management part. By
providing intelligent business information additional efficiency and effectiveness should be
reached. ERP vendors also claim that their packages are not only able to support activities, but
are also capable of achieving additional benefits as mentioned earlier. However where the exact
benefits are and how it is possible to measure that is still vague (Ifinedo, 2008): a good Bl tool is
lacking. This research takes up the challenge to create a tool that can measure performance,
which additionally enables the validation of the claimed benefits provided by ERP packages.

As Figure 1 shows, SCM stretches out from suppliers to clients with a lot of operations in
between, and is therefore a very large research field. Researching the performance of the whole
supply chain will be too comprehensive for this research project. For this reason the focus is on a
small part of SCM: inventory management. Further argumentation about this focus is provided in
chapter three. Figure 2 provides an enlarged view on a typical process taking place at the final
assembly (i.e. a manufacturing firm). This is just one prototypical manufacturing process, others
exist as well which will be discussed in chapter three. This picture however provides a quick
overview of where inventories are kept during the manufacturing process. Typically several
different inventories exist: raw materials, finished products and work in process. As Figure 2
shows, storage of raw materials and finished goods take place at the beginning and the end of
manufacturing. During the production semi-finished products have to be stored occasionally as
well, those are called work in process inventories. This research focuses only on inventory
management of raw materials, which are located at the beginning of the production process.

! Wal-Mart for example applies vendor managed inventory and an innovative logistics strategy called
‘crossdocking’.
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FIGURE 2 DETAILED VIEW ON FINAL ASSEMBLY

More often the focus in SCM is shifting from the competitive advantage of one single firm (e.g.
an assembly firm) to the competitive advantage of an entire supply chain (including component
producers, assemblers and warehouses for example) (Kumar, 2001), (Kelle & Akbulut, 2005).
Because logistics processes are being viewed as a whole supply chain, system integration and
information sharing become more and more important. Following this trend, ERP also aims to
support these developments and is currently evolving towards ‘extended ERP’ (e-ERP) and supply
chain systems integration. e-ERP is a trend in literature that has attracted increased attention
lately. e-ERP is not the topic of this research for explicit reasons described in chapter two. As the
introduction mentioned, it is mostly agreed that ERP software to support SCM provides benefits.
Nevertheless, measuring the impact of ERP software on logistics is still difficult and limited
research is performed in this area (Ifinedo, 2008). As Krauth et al. (2005) mention the supply
chain performance can be measured using internal or inter-organisational performance
measures. The focus of this research will take an internal perspective, looking at the benefits
realised in inventory management due to an ERP implementation. This ‘internal perspective’
refers to benefits gained in one company, internally, only. As mentioned several times before,
the focus of this research is aimed at the benefits only. Listing the cost-structure and determining
what costs are associated to inventory management of raw materials is a whole different
research that is not included in this research.

There are many different ERP packages on the market. Assumed benefits of ERP might therefore
vary for different packages. Due to time constraints it will not be possible to look into all ERP
packages. Only SAP software is considered in this research, for two reasons. The first reason is
that SAP claims to be market leader, which makes it more interesting to investigate specifically
this software because there are many users to which the results of this research will eventually
apply (Das, 2006). Secondly SAP will be considered due to the comprehensive experience and
knowledge at hand about this software. Measuring the performance of inventory management
however should not be software dependent. The choice made for SAP therefore should have no
effects on hypotheses and examples used.

1.3 RESEARCH QUESTIONS

Based on the introduction, problem statement and scope described above, the central research
question is derived. This section deals with the formulation of the central research question and
sub-questions.

1.3.1 RESEARCH GOAL

The goal of this research project is formulated as follows:

The research goal is to design a tool for assessing inventory
management’s performance.
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The main target is thus to develop a performance measurement tool, aimed at providing insight
in the coherence of activities on an operational level. Because performance measurement is
strongly related to the business intelligence activities performed by ERP, ERP is described
throughout the report as well. ERP is used for business process analysis and to test the final
design on the applicability of hypothesis-testing towards a certain technology.

In order to reach this goal, several smaller activities which finally should lead to achieving this
goal are identified. In the next section, questions are formulated to support these smaller
activities. All the subsequent small activities finally lead to a Framework to assess Inventory
Management’s Performance.

1.3.2 SUB-QUESTIONS

This research contains six research steps. Figure 3 provides a simplified overview of the phases
this research contains. The different phases are thereupon described shortly, together with the
corresponding sub questions.

7 X &7 o> (VG Y VS Y <V
[Conceptualization] [ Analysis } [Technique selection} [ Designing ] [Design-testing} [Concluding}
N J \ J . J \ J \ J \ J
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FIGURE 3 RESEARCH ACTIVITIES

PART |. CONCEPTUALIZATION

The conceptualization phase will describe the background, which sets the context and focus of
this research in more detail. The two main aspects of this research, ERP and Inventory
management, are described first; therefore the following questions need to be answered:

e How can Enterprise Resource Planning be defined?

e Whatis inventory management?

e  What does inventory management all comprise?

PART Il. ANALYSIS

An analysis is conducted in Part Il. In order to be able to measure the performance of ERP it is
necessary to analyse the situation first. As a consequence the activities taking place at inventory
management need to be analysed to create an overview of the business processes. This
information and the knowledge gathered during the conceptualization phase can be combined to
identify where ERP offers possible improvements to the inventory management process: these
assumptions form hypotheses, which are tested later (see part V). The questions to be answered
in this part are as follows:

e What typical business processes take place within inventory management?
e How can ERP provide benefit to inventory management processes?

PART IIl. TECHNIQUE SELECTION

Having the background, focus and potential benefits defined, a literature study is conducted
regarding available performance measurement techniques. This is done, because in order to test
the hypotheses a method has to be found first to make performance measurement possible. One
technique should be selected that is used to evaluate the effects of ERP on inventory
management. The questions to be answered in this part are:

e  Which performance measurement techniques are available?

e What technique is most suitable to measure performance in this case?

e How can this technique be applied in this case?
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PART IV. DESIGNING
With the most suitable measurement technique defined, a tool is developed accordingly. This
tool forms a descriptive guide to measure performances between situations and to make sure
that information is gathered and compared in the same way in different cases.

e How should the performance of inventory management be measured and evaluated using
the selected technique?

PART V. DESIGN-TESTING

In Part V the designed tool is applied and tested in two individual cases, to see whether we can
say something about the hypotheses and about the applicability of the model. The way to
measure and gather data is dictated by the tool, which will therefore be strictly followed. Expert
judgments are a second means to see if the tool is complete and correct. The questions
corresponding to this section are:

e What is measured when applying the model to test cases?
e To what extend is the model applicable in practise?
e How do experts judge the model?

Finally there is reflected on the hypothesis (formulated earlier in part Il). The corresponding
question to be answered is as follows:

e  What can we say about the performances between an ERP- and a non-ERP-environment?

PART VI. CONCLUDING
In the final part of this research, reflection is done on the found results and the research process.
The results are put in context and it is discussed what the found results implicate and how the
results can be applied to other cases or situations as well. The corresponding sub-questions
discussed in this final section are:
e How suitable is the developed model for measuring performances and comparing results?
e How did the ERP-case perform compared to the non-ERP case?
e What can be recommended about the use of the designed model?
e Under what conditions do the findings apply?
e (Canthe model be applied to other areas as well?

1.4 RELEVANCE

The introduction indicated that although most researchers and users agree that ERP packages
provide several benefits, there is still limited (numerical) proof that indicates the scale of these
benefits. ERP performance measurement literature is just starting to appear (Ifinedo, 2008). The
ES success evaluations area is very diverse and often hard to apply in practise. Furthermore
organisations often do not exactly know what to measure in order to evaluate the performance
of their ERP implementation (Ifinedo, 2008). Much more is written on implementation and
teaching of ERP (Klaus et al., 2000). Akkermans et al. (2003) also state that “in fact, one can
argue that very little academic research has been done on ERP, except for research on reasons
for implementation and on the challenges of the implementation project itself”. Accordingly they
proceed with “Yet, in spite of the explosive growth of the ERP ecosystem, very little academic
research has been done on the business impacts of ERP systems once they are implemented”.

This research complements current academic research in the field of Inventory Management and
Performance Measurement, which forms the first step towards evaluation of ERP’s benefits for
instance, but maybe other technologies as well. Furthermore, considering the high costs
generally involved with the implementation of ERP, it is very relevant to known what the
(financial) benefits or improvements gained through an ERP implementation exactly are.
Especially for organisations considering an ERP implementation, this research could be of great
relevance. Knowing how to measure performance creates more insight and makes benchmarking
possible. A good performance measurement tool can finally prove to what extend ERP provides
benefits, which helps to create a viable business case for other organisations that have yet to
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decide, as well. The possible optimization and cost-savings from implementing ERP software can
accordingly better be predicted, which also provides organisations with more certainty.

1.5 RESEARCH APPROACH

Section 1.3 described in detail how the research is performed. During the various steps, different
techniques are used which are described in this section shortly.

A combination of research techniques is used. Study of literature, interviews with experts and
case studies are the main research methodologies used. Part | is performed using literature and
interviews. Part Il is mainly based on interviews and for a small part on literature as well. Part 11l
is performed using literature only; various sources of literature are consulted to come to a
unified selection of metrics (data triangulation is used in this case (Denzin, 1978)). Accordingly,
Part IV is a combination of previous sections; part of the construction of the performance
measurement tool is done using literature as well.

Part V contains case studies to test the design in practise. During the case studies experts in the
field are interviewed. Interviews were performed with purchasers and logistics managers (for a
complete overview of all interviews conducted, see Appendix A). Interview-reports were sent
back for validation and feedback (data triangulation (Denzin, 1978)). Based on the interviews,
business processes are mapped and metrics are measured. Pattern matching is applied to the
business process mappings to illustrate the differences between the two cases. Pattern matching
is a core methodology applicable to theory-testing with cases (Yin, 1994). The first step in pattern
matching is to develop a framework around which the case studies are accordingly organised
(Tellis, 1997). This corresponds with the design that will be made in chapter six. Pattern matching
consists of matching an observed pattern (the case study in this case) with an expected pattern
(the framework in this case), and deciding whether the patterns match with each other or not
(Yin, 1994), (Hak & Dul, 2009). In this case the process steps will be compared to the model and
to each other. The cases will be used to see whether the design matches with practice.

Additionally logistics experts are consulted to assess the importance (i.e. applicability) of the
different elements in the model. Logically Part VI, being the final part, does not use any
methodology because the research is concluded in this section and no new information is
required at this point.

1.6 STRUCTURE

The structure of this research is as follows. As part of the theoretical background, ERP-business
intelligence technology is first described in chapter two. This is followed by Inventory Logistics in
chapter three: chapter three mainly elaborates on inventory management and for a small part on
SCM. Accordingly in chapter four an in-depth analysis is performed of inventory management
and the linkage with ERP is described. Based on this linkage, several hypotheses are formulated
about the potential benefits offered by ERP. Chapter five thereupon describes various
performance-measurement techniques. In this chapter also one specific method is selected and
described in more detail. The selected method is subsequently used to design a conceptual
framework in chapter six. The framework is tested in practise, using case studies: this is
comprehensively described in chapter seven. Chapter seven is followed by a reflection in chapter
eight. Finally conclusions are drawn in chapter nine. Thereafter, the Appendices follow. The
coherence between different chapters, their relation to each research activity and the research
methods used in the research are shown in Figure 4 on the next page.
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2 BUSINESS INFORMATION

“For many users, an ERP is a ‘do it all’ system that performs everything from
entry of sales orders to customer service” — A. Gupta

Business information is of great importance to make the right decisions within an organisation
(Watson & Wixom, 2007). Data collection is therefore important as well, because more data
might help to make a better decision if it is put to the right use. Performance evaluation is
usually based on collected data as well: performance metrics represent a visual summary of large
amounts of data (Watson & Wixom, 2007). In order to monitor the performance correctly, a tool
needs to be in place which collects business information first. This is exactly where Enterprise
Systems can be very helpful. Applications, such as Enterprise Resource Planning (ERP) software
for instance, collect data from all sources within an organisation and store that information at a
central location. From this central location data can be retrieved and using Business Intelligence
methods the right information can be extracted to monitor the performance for instance.

Because ERP is strongly related to the field of Business Intelligence and performance
measurement, this technology is described in detail first. Due to its holistic approach towards
business processes within an organisation the description of this technology supports the
identification of typical inventory management business process, required later on, as well. In
the end hypotheses concerning ERP are formulated as a way to see how the performance
measurement tool functions, and therefore the background of ERP needs to be described first as
well. Hypotheses concerning other technologies might have been chosen also, however due to
the significance of the ERP market it is interesting to take this technology as an example. The
introduction already mentioned the significance of this ERP-market; in 1997 for example, $10
billion was spent on the purchase of Enterprise Resource Planning systems (Umble et al., 2003).
In 2002 the ES market grew about twice as big, to about $20 billion (Klaus et al., 2000). Annual
growth rates around thirty percent were seen (Umble et al., 2003). These numbers clearly
illustrate the rapid growth and significant size of the ES market and are important reasons to
focus on this market. The following sections will further elaborate on ERP to create a better
understanding of this technology.

2.1 ENTERPRISE RESOURCE PLANNING

ERP is an Enterprise System. Several other applications are often considered to fall within the
range of ES as well, including Supply Chain Management (SCM), Customer Relationship
Management (CRM) systems and financial systems across different departments as well
(Hendricks et al., 2007). ES applications aim to streamline processes, the information that comes
with those processes and finally the monitoring (performance evaluation) of business processes.

Typical several different terms have come up for ERP during the years of its existence. Basically
Enterprise Resource Planning, Enterprise Wide Systems, Integrated Vendor Solutions, Integrated
Software and Enterprise Application Systems are all synonyms referring to the same (Sedera et
al., 2001); however Enterprise Resource Planning (ERP) is most widely used. Some authors even
advise against the use of the term ERP, while other see it as term referring to a range of similar
products (Klaus et al., 2000). A broadly agreed upon definition has not been defined (Klaus et al.,
2000). In this research the following definition will be adopted:

“ENTERPRISE RESOURCE PLANNING SYSTEMS ARE CONFIGURABLE INFORMATION SYSTEMS PACKAGES THAT INTEGRATE
INFORMATION AND INFORMATION-BASED PROCESSES WITHIN AND ACROSS FUNCTIONAL AREAS IN AN ORGANISATION.
THE CURRENT GENERATION OF ERP SYSTEMS ALSO PROVIDES REFERENCE MODELS OR PROCESS TEMPLATES THAT
CLAIM TO EMBODY THE CURRENT BEST BUSINESS PRACTICES” (KUMAR & HILLEGERSBERG, 2000)

This definition is still very broad, therefore the following sections will clarify the different aspects
in more detail, providing a richer picture of ERP.
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2.1.1 APPLICATION

ERP packages are complex and comprehensive software solutions, incorporating a wide range of
business activities. The concept that distinguishes ERP from other software packages is its aim to
totally integrate all different business activities taking place within (public and private)
organisations (Beheshti, 2006). ERP software is standard software, which means that it is generic
and can be used by various different types of businesses across different industries. ERP uses the
concept of a totally integrated enterprise solution, across all parts of the enterprise. An
integrated solution means that all business activities are integrated in one software solution:
information does not have to be inserted and exchanged manually between different
departments. From a sales order, almost automatically an invoice can be created for example.
The information is also visible in real-time in ERP; if for example the invoice is paid by the client,
the audit reports are immediately updated as well.

The biggest ERP vendors are SAP, Oracle and Microsoft. Most ERP packages evolved from one
speciality to various other business activities. ERP software offered by SAP for example,
originated from manufacturing i.e. from the need to efficiently plan the materials required for
production (Klaus et al., 2000). This software evolved and started to incorporate new
functionality like sales planning, capacity management and scheduling. Finally the functions of
these systems were further extended beyond manufacturing, and encompassed finance, sales,
distribution, and human resources as well.

Originally, ERP was most often used for the operational management of manufacturing
companies only (Murray, 2006). Currently however, municipalities, health care providers and
financial institutions (e.g. banks and insurance companies) use ERP packages as well. Whereas
mostly only large organisations and enterprises used to implement ERP, small and medium sized
enterprises (SME) are starting to catch up (Klaus et al., 2000), (Everdingen et al., 2000). More and
more SME see the potential benefits of implementing ERP. ERP vendors follow this trend by
taking up the challenge to offer their packages to these smaller companies as well.

As mentioned before ERP is able to support all most every business activity. SAP R/3, offered by
SAP, for example has Financial, Logistic, Supply Chain and Human Resource modules very tightly
integrated. SAP offers the following (major) modules within their current SAP R/3 software
package (Davenport, 1998), (Murray, 2006), (Umble et al., 2003):

TaBLE 1 SAP MODULES

Module Name Abbreviation
Sales and Distribution SD
Materials Management MM

Production Planning PP

Quality Management Qm

Plant Maintenance PM

Human Resources HR

Workflow WEF

Project Systems PS

Asset Management AM

Controlling co

Financial Accounting FI FIGURE 5 SAP MODULES
Industry Solutions IS (tailored package)

BASED ON A FIGURE BY (THINK IT SoLuTioNns, 2009)

Additional modules to this list also exist, like a warehouse management (WMT) module for
example. The IS module (Industry Solution) presented at the bottom of this list is not a ‘standard’
module like the others. The IS-module is actually more than just a module. IS are tailored
solutions for different industries: a modification of the standard SAP software to fit a specific
industry. An IS contains a preformatted template that will cover all modules and offers additional
functionalities that are specifically required for a certain industry due to its unique
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characteristics. SAP for example also offers software to medical organisations, i.e. hospitals, were
they use an electronic medical record for their patients. Medical records are out of the ordinary
and thus offered in an industry solution, including a template that makes it possible to handle
this type of environment.

SAP R/3 was released by SAP AG, a German company, in 1979. SAP R/3 is the successor of SAP
R/2. SAP R/3 is used to run the business processes of medium to large corporations. MM, SD, PP,
QM, WM, PM are key logistics modules which are widely used by industries. These modules are
so vast and so deep that they have been further divided into sub modules (Garlapati, 2009). SAP
is considered market and technology leader in client/server ERP software (Murray, 2006).
Following this SAP-example, the following illustrative story describing a manufacturing company
will show the use of different modules and their coherence: the used modules are stated
between brackets.

Suppose an order is being sold in the sales department (SD), the next thing to do is calculate and
plan the needed materials (PP and MM are used). Because the sales department already entered
the information from the client, this data can directly be used to schedule and plan the required
material and resources. Some materials that are (nearly) out of stock will have to be ordered.
When the supplier delivers the goods a quality inspection takes place by quality management
(QM). When the quality and quantity are in order the goods will be added to the stock.
Additionally the received goods have to be paid for to the supplier by the finance department
(FI1). Subsequently the delivered goods will lie in a warehouse for a certain period of time, waiting
to be used during the production process. All parts lying in the warehouse will of course have to
be managed (WM). Finally the goods are required for a production order in production planning
(PP) or be part of a larger project defined in project system (PS). When manufacturing is
complete the finished goods have to be distributed to the customer (SD is again used). Finally a
bill has to be sent and the product has to be paid for: again finance (Fl) is used to support this
task. Finance uses the information entered by the sales department to create invoices.

ERP packages store and manage the information that is needed to coordinate, among other
things, the activities described above. As shortly mentioned in the example, ERP especially
stimulates information sharing between departments and during different business activities.
The strong integration of different departments is a unique aspect of ERP packages. In theory,
ERP is thus applicable to various organisations and able to support a wide range of different
activities as we have seen.

2.1.2 HISTORY

As mentioned in the previous section, the history of ERP lies with the planning of required
materials. In the early 1960’s when mass production of goods consisting of many parts (e.g. cars,
televisions, etc.) emerged very quickly, the need to calculate the required materials also
increased (Klundert, 2003). This need was also initiated because due to the increased number of
parts also large quantities of inventory had to be maintained. So called Material Requirements
Planning (MRP) systems helped to reduce the amount of inventory. MRP represented a huge
step forward in the materials planning process (Umble et al., 2003). For the first time, MRP
systems made it possible to let a computer calculate gross material requirements. Using the
accurate inventory record files, the available quantity of on-hand or scheduled-to-arrive
materials could in MRP simply be used to determine net material requirements. MRP were the
first ‘standard’ business applications available (Klaus et al., 2000).

In manufacturing, controlling materials and inventory is just one problem; scheduling capacity
forms the same challenge. In response these capabilities were also added to MRP. Tools were
developed to support planning of aggregate sales and production levels, forecasting and (among
other things) customer-order promising (Umble et al., 2003). During the 1970s MRP systems
were extended with further capabilities in order to offer complete support for the whole process
of production planning and control cycle (Klaus et al., 2000). Material Requirements Planning
finally evolved into Manufacturing Resource Planning, also called MRP Il. MRP Il encompassed
new functionality like sales planning, capacity management and scheduling. Unlike MRP which
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mainly only planned material, MRP Il could also plan other resources (machine capacity and
personnel for example). In the 1980’s MRP Il systems started to incorporate financial
management systems as well (Umble et al., 2003). Finally human resource management
capabilities where added. The shortcomings of MRP Il and the need to integrate even more
(new) techniques led to development of a totally integrated solution called enterprise(-wide)
resource planning (ERP) (Gupta, 2000). Enterprise Resource Planning is the final combination of
MRP and MRP II.

2.1.3 RECENT DEVELOPMENTS

A recent development seen more often in literature the past decade is the rise of extended ERP,
also referred to as ERP Il or e-ERP. ERP traditionally looks into internal processes, whereas ERP I
also looks further and uses the Internet. ERP Il enables organisations to connect their internal
business processes with the (external) systems of their customers and suppliers (Beheshti, 2006).
ERP Il aims to integrate internet-technology within ERP software in order to enable the exchange
of information more easily, for example to coordinate the supply chain between different actors.
The future of ERP Il clearly includes a perspective in which companies, customers and vendors
are all linked electronically (Weston Jr., 2003). Actually ERP Il is often seen as a combination of
ERP + SCM + e-Business (Pairat & Jungthirapanich, 2005). Although literature presents this
phenomenon as something totally new, EDI (Electronic Data Interchange)2 already exists for a
while and is a means to exchange electronic information and can thus be seen as a first version
of extended ERP as well.

The next step for organisations, who initially improved internal processes using ERP, is to
examine the possibilities the Internet might offer (Burca et al., 2005). In the supply chain
(discussed in the next chapter) information sharing plays an important role and therefore ERP Il
might offer a good tool to support operations across the supply chain. Information sharing could
successfully solve the problem of the bullwhip effect®; however there are still several problems
which currently stand in the way of ERP Il to become a success. The focus of this research is on
ERP used in a single organisation only, for several reasons explained below. Inventory
management within one firm on itself is already a complicated process; looking further and
combining all inventories across the whole supply chain would make research much more
complicated. There are several more reasons to focus on ERP only (and not look any further into
ERP 1) which the next paragraphs will elaborate upon.

Firstly most organisations are still struggling with their internal operations. For organisations to
take full advantage of electronic exchange of information across the supply chain, they must
ensure that their own ERP systems are implemented efficiently beforehand. If this is not
achieved and their ERP systems are not functioning properly, information sharing will only create
up- and downstream problems at ‘internet speed’ (Burca et al., 2005). Furthermore a huge
challenge organisations face when implementing ERP Il is the partnership challenge. Because
there is no control over a partner’s systems, relationships with business partners are of
paramount importance to the success of an ERP Il implementation (Burca et al., 2005). Most
organisations are currently not ready to take their software to the next level and share their
information with other parties. This leads to the second argument why ERP Il is not examined.
ERP Il adoption is still very limited, because organisations are afraid to share their information.
Strategic behaviour plays an important role at this point. Many organisations believe their own
information is what gives them a competitive advantage and therefore organisations are not
willing to share this information freely (Agrawal & Pak, 2001). Sharing knowledge among all
business actors, including competitors, requires a paradigm shift and change of mentality in the
economy, which has to take place first before ERP Il is able to reach its presumed success on a
large scale (Mohamed & Adam, 2005). The limited number of ERP Il examples currently available,
is also a reason supporting the decision not to focus on ERP Il in this research.

2 EDI stands for Electronic Data Interchange and is an electronic form of communication between different
applications and firms.
* See section 3.2.3 for more information on this effect.
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Currently ERP Il is only a theoretical best solution to optimize supply chains; in practise however
a lot has to be done before information sharing and e-Business can finally be used to its full
potential and can be adopted on a large scale. Even if parties are willing to share information and
ERP Il is about to be implemented this is not without risk. Challenges like: resistance to change,
local culture issues, training, testing and good project management are all key factors which play
an important role to a successful ERP Il implementation (Weston Jr., 2003). These are the same
issues that may also be faced when implementing ERP within one organisation, thus one can
imagine that with the implementation of ERP Il across different actors along the supply chain,
these issues become more and more complex.

Finally ERP Il may in the end only have a small effect on the performance of the whole supply
chain as Agrawal & Pak (2001) argue. The biggest benefits are still to be gained within one
organisation and for these reasons the focus of this research is limited to ERP only, seeing the
early stage that ERP Il is still in.

2.1.4 ADVANTAGES

ERP is currently in a more mature stage of development and has been adopted for various
reasons. There were several reasons why ERP software has become so successful and such a fast
growing market. Some companies implemented ERP, because they were forced by the year-
2000-issue to undertake action and replace their legacy systems (Davenport, 1998).
Subsequently ERP promised additional benefits that seemed appealing. As already mentioned,
ERP integrates all business activities (Beheshti, 2006). This provides several benefits, which will
be illustrated by the following example, based on (Gupta, 2000). If a purchase is entered in ERP
by the sales department the order can be automatically passed to the manufacturing application.
This application, in turn, is able to automatically calculate the required materials and create a
production planning. The list with required materials is again passed to the purchase department
where materials can either be ordered automatically (via EDI) or via a purchaser. Because the
order was entered before, the logistics can easily be coordinated as well and it is immediately
clear where the materials are required and have to be delivered. Additionally all (financial)
transactions are tracked in ERP. This provides the possibility to monitor in real-time, the planning
status and predicted delivery times. Because transactions are tracked across all business
activities, management can also track the financial performance of the organisation in real-time
(Kelle & Akbulut, 2005). Interconnections in ERP make sure that information in one part of the
business can be obtained by another (Beheshti, 2006). As the example shows, ERP is thus able to
react faster to orders, purchases etc. due to the automated interconnections between different
business activities. Stein (1999) for example refers to Toro Co.”, which is a seeing a return due to
the integrated nature of SAP and higher data-quality which helped to be more responsive to
their customers’ demand (according to officials).

With ERP, planning can automatically be adjusted and has become more flexible (Gupta, 2000).
Also due to automated processes, delivery times and order-to-cash cycle times can be shortened
drastically (Hendricks et al., 2007), (Stein, 1999). Moreover the information is often available to
supply chain partners; due to the speed at which the information is available, ERP has the
potential to radically reduce inventories and increase customer service (Johnson & Pyke, 2001).
The many interconnections also prevent people from reentering information into different
systems which was often the case with legacy systems (Fawcett et al., 2007). Reentering
information is a waste of time and may cause unwanted errors. With ERP (in theory) less people
are required which is of course a costs saving.

Furthermore, it is costly to maintain dozens of different platforms. Maintaining just one
application (i.e. ERP) is easier and cheaper. Thus from a maintenance perspective ERP
applications are considered to provide significant cost savings as well (Murray, 2006). Cost can of
course only be saved if all legacy systems are being replaced by ERP, otherwise ERP will only
cause additional costs.

Toro Co. is a $1 billion commercial outdoor environmental-machinery manufacturer located in
Minneapolis (US). Toro Co. produces machinery such as lawn mowers and snow throwers.
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2.1.5 DISADVANTAGES

All the advantages seem promising and also suggest that all companies should implement ERP.
One might also wonder why companies did not implement ERP a long time ago already, seeing
all the advantages it provides. There are however also downsides to ERP which prevent or have
prevented companies from implementing an ERP package.

A major reason usually is the costs of implementation (Stein, 1999). Changeover to ERP is often
experienced as taking more time than scheduled and therefore causing (enormous) cost
overruns (Gupta, 2000), (Poston & Grabski, 2000). Implementation of an ERP package proves to
be very expensive: to install an ERP software package, costing € 100.0000, often more than one
million Euros is needed to implement the software (Visser & Goor, 2004). Implementation costs
typically range from one million Euros up to even hundred million Euros. The Meta Group did a
research among 62 companies and based on these cases concluded that the average
implementation costs $10.6 million and took 23 months to complete (Umble et al., 2003). There
are dozens of examples where budgets are overrun dramatically: according to research, 90% of
ERP implementations end up late or over budget (Umble et al.,, 2003). The software itself
represents only a fraction of the total costs of implementation. After installing an ERP package,
the software needs to be customised and fit to the organisational processes. Attention will also
have to be paid to the employees who have to accept the application, otherwise the
implementation is useless. ERP software is worth nothing without proper education to its users,
working procedures and preservation of functionalities (Cliffe, 1999), (Bingi et al., 1999). Because
of the huge impact ERP has across all different layers and locations of a firm, it can disrupt a
company’s culture or even lead to productivity dips and mishandled orders (especially in the
start-up phase) which may cause additional damage(s) on the long run (Stein, 1999).

Another disadvantage of ERP is the complexity of the software (Visser & Goor, 2004); many
departments will be interlinked which makes changes also more complex. This complexity is
being reduced by using separate modules that each offer different functionality. Still because of
the many interconnections the complexity will exists for a large part. Adding more functionality
to ERP also requires its users to learn more about the system to do their daily work with it and
know the consequences of their input: ERP can create excessive training requirements (Stein,
1999). Due to the interlinked structure an error or wrongly entered input may even cause a
series of faults throughout the system (Gupta, 2000).

2.2 ERP CHARACTERIZATION

Originally MRP applications already tried to link as much information as possible. Integration of
information across different departments is a core element of ERP. This is where ERP
(theoretically) should provide the most benefit. Actions that require information from different
departments can typically be very well supported by ERP.

2.2.1 PROCESSES SUPPORTED BY ERP

As shown in the previous section, many modules to support different activities exist. The main
aim of ERP Vendors in the end is to support all processes, which could possibly take place at an
organisation, in one integrated application. Figure 6 (based on a figure provided by Gardiner et
al. (2002)) provides a schematic overview of typical processes taking place at a manufacturing
company. SAP is used in this example; the colours illustrate different SAP-modules and show
what processes or departments are supported by each SAP-module. The figure provides a nice
overview of the different modules that could be used throughout the enterprise.
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Remarkably all processes are being supported by modules from SAP. Experiences from users do
however sometimes indicate otherwise. Willem Wijnia (Centric, (Logistiek.nl, 2007)) for example
argues that ERP is only able to handle predictable, continues inventory streams; if the demand is
not continuous anymore but becomes more and more complex, ERP packages become
incomplete and additional tools are needed (Logistiek.nl, 2007). Additionally it is argued that
investing in ERP only becomes interesting when the total value of inventory is above one million
euro (Froukje de Vries, E-Optimaal, part of Infolog), and that ERP only operates well in a
manufacturing company with simple forecast (Frank Bongers, Galvano Retail) (Logistiek.nl, 2007).

Typically ERP is also a very functional tool when information needs to be shared in real-time.
Because of the integration of different business departments the information can easily be
shared. Information that is updated by the sales department for example can directly be
consulted by the inventory manager, which provides him with the necessary information to
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match the upcoming demand.

2.2.2 ERP vs. NoN-ERP

The foregoing sections described what an ERP is and what processes are supported. The
alternative to using ERP software is separate modules for different business units or operations.
For example a financial system may be used which is not linked to the sales or purchase
department. In that case orders will have to be retyped to exchange the information between
systems. With more than one database, the data is often stored twice and the information
between databases is not updated in real-time and can easily get out of sync or outdated. ERP
integrates all these separate databases into one. Additionally reports are generated from the
information available in the ERP database using Bl-tools already available within ERP or specially
build within/around the standard ERP package. Also software packages are available that form
an extension to existing ERP software: Business Intelligence Software. Slim4, developed by
Slimstock B.V. is an example hereof: they developed a software application that makes use of
information stored in ERP to optimize inventory forecasts. Because standard ERP did not seem to
provide enough (or not specific enough) reports and data for steering, they developed an

additional tool which does.
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Figure 7 shows the different stages, from separate software solutions to ERP and business
intelligence that supplement standard ERP packages. The orange cylinders represent databases
and the yellow shapes are separate software packages: in the left figure four separate pieces of
software can be seen, whilst on the right only ERP is displayed. The blue shape represents the
business intelligence tools that extract the data from the ERP-database and translate it to reports
with interesting information for steering and monitoring processes.
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FIGURE 7 SOFTWARE STAGES

To summarize, an ERP package is defined by the following key characteristics:

Enterprise Resource Planning (Integrated solution):

1.  INTEGRATION of all® business processes.

2. One integrated software solution for the above processes.

3. One CENTRAL DATABASE: data is stored at one location (/database) only.

4. Data is exchanged and updated REAL-TIME between business units,
departments, operations etc.

2.3 WINDING UP

This chapter described the use of ERP to support the information management within an
organisation. Within ERP, information is kept from an entire organisation. Using business
intelligence tools this information can be used to create advantageous insights in the operations
of an organisation. This chapter showed the difference between a non-ERP and an ERP
environment and the positioning of possible business intelligence (or performance
measurement/evaluation) tools in relation to software.

Furthermore within most ERP packages the typical business processes are described in a
structured way. This chapter showed the business blueprint of an entire organisation as an
example: this provided an overall overview of the activities taking place. The next chapter takes a
detailed view at a specific part, namely logistics. The information from this chapter, combined
with the logistics part in the next chapter, is used during the analysis further on.

> As much business processes as possible; with the ultimate goal to integrate all relevant processes.
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3 INVENTORY LOGISTICS

"The amateurs discuss tactics: the professionals discuss logistics" — Napoleon

The introduction already mentioned that the focus of this research will be on inventory
management. Inventory management is part of supply chain management (SCM). Therefore first
SCM will be described shortly. This is done to show how inventory management relates to this
much broader field of research. Accordingly the different aspects of inventory management are
described. As the previous chapter pointed out, ERP packages support a wide range of business
activities: supply chain management and inventory management are two of them. ERP and
logistics are related to each other in a way that ERP supports these processes with information;
in many cases IT systems even form the core of the logistic processes (Ploos van Amstel & van
Goor, 2006). The relation between ERP and logistics is also addressed in the proceeding sections.

3.1 SuprpPLY CHAIN MANAGEMENT

Supply Chain Management is a very broad term, because it incorporates a wide range of
activities: transportation & logistics, inventory & forecasting, supplier management, after sales
support and reverse logistics are some examples. Inventory management is just one aspect of
SCM. Johnson & Pyke (2001) even distinguished up to twelve different categories within SCM.
About SCM, there are various (slightly) different definitions available, for instance:

“SUPPLY CHAIN MANAGEMENT (SCM) IS THE TERM USED TO DESCRIBE THE MANAGEMENT OF THE FLOW OF
MATERIALS, INFORMATION, AND FUNDS ACROSS THE ENTIRE SUPPLY CHAIN, FROM SUPPLIERS TO COMPONENTS
PRODUCERS TO FINAL ASSEMBLERS TO DISTRIBUTION (WAREHOUSES AND RETAILERS), AND ULTIMATELY TO THE
CONSUMER” (JOHNSON & PYKE, 2001)

“SUPPLY CHAIN MANAGEMENT (SCM) IS THE MANAGEMENT OF A NETWORK OF INTERCONNECTED BUSINESSES
INVOLVED IN THE ULTIMATE PROVISION OF PRODUCT AND SERVICE PACKAGES REQUIRED BY END CUSTOMERS”
(HARLAND, 1996).

“THE SUPPLY CHAIN CAN BE DEFINED AS A NETWORK OF RETAILERS, DISTRIBUTORS, TRANSPORTERS, STORAGE
FACILITIES, AND SUPPLIERS THAT PARTICIPATE IN THE SALE, DELIVERY, AND PRODUCTION OF A PARTICULAR PRODUCT.”
(MURRAY, 2006).

Although these definitions differ, they do contain several similar elements. For example all
definitions include consumers, products and businesses. SCM can therefore be seen as the joint
operation of several businesses to manufacture and deliver a product to the consumer. All
activities that have to be performed to achieve this operation are part of SCM. Logistics is often
also used to refer to SCM. A small difference can however be seen. Logistics can be seen as all
activities that concern the transportation of goods in the supply chain. Logistics can be defined as
“the management of business operations, including the acquisition, storage, transportation, and
delivery of goods along the supply chain” (Murray, 2006). The most important distinction that
can be made between logistics and SCM is the scope: SCM has a broader scope (as mentioned
before SCM looks across different enterprises). Whether logistics and SCM are the same, is still
heavily being discussed in literature as well (Larson et al., 2007). Due to the focus of this
research, which is restricted to single organisations, logistics will be used mostly throughout this
report.

Figure 1 (in the introduction) depicted a simplified supply chain; this figure showed suppliers,
manufactures, assemblers, retailers and customers. All these actors exchange goods, funds and
information with each other. The exchange of these three items among the actors involved is
considered the three key flows within logistics (Akkermans et al., 2003). ERP typically supports
the exchange of information and financial data (which can be seen as information as well at a
certain point) between companies and within a single company. In a supply chain the actors
involved often strongly depend on each other. These dependencies also create uncertainties for
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internal processes. If for example an outside supplier fails to deliver a specific order on time, this
can cause delays during the production or service-delivery as well.

3.2 INVENTORY MANAGEMENT

Uncertainties are one example why most parties within the supply chain keep inventories.
Inventories function as a buffer to cope with uncertainties as described above (Waters, 2003).
Inventories are kept at all most each party within a chain of supply. This section will elaborate on
inventory management in more detail.

3.2.1 INVENTORY (MANAGEMENT) DEFINITION

‘Inventory’ and ‘stock’ are often used to relate to the same thing (Wild, 2002); yet when
inventory management is mentioned, there is however a slight difference with stock. Stock is
usually an amount of goods that is being kept at a specific place (in a warehouse for example),
sometimes referred to as inventory. Conversely, inventory management is primarily about
specifying the size and placement of stocked goods. Inventory management is necessary at
different locations within an organisation or within multiple locations of a supply chain, to
protect (the production) from running out of materials or goods.

The scope of inventory management is broader than stock. Basically inventory management can
be defined as the “management of materials in motion and at rest” (Coyle et al., 2003). The
following activities all fall within the range of inventory management (Wikipedia, 2009): control
of lead times, carrying costs of inventory, asset management, inventory forecasting, inventory
valuation, inventory visibility, future inventory price forecasting, physical inventory, available
physical space for inventory, quality management, replenishment, returns and defective goods
and demand forecasting.

Inventory management basically serves two main goals (Reid & Sanders, 2007). First of all good
inventory management is responsible for the availability of goods. It is important for running
operations that the required materials are present in the right quantities, quality and at the right
time in order to deliver a specific level of service. The second goal is to achieve this service level
against optimal costs. Not all items can be held in stock against every cost for example and
therefore choices have to be made.

3.2.2 WHY FOCUS ON INVENTORY MANAGEMENT?

Inventory is often where the biggest costs are hidden in businesses (Harrington, 1996). This is
also the first reason for choosing inventory management as the subject of this research as
discussed during the introduction. Figure 2 showed various processes taking place at the
manufacturer; for three reasons only inventory will be picked out.

First of all stocks are responsible for a large part of the total working capital costs: up to about
one third (Goor & Weijers, 1998). Inventory costs also represent a significant component of total
logistics costs (Coyle et al., 2003). Consequently the biggest benefits can thus be gained by
reducing these costs (using ERP according to expectations). Working capital invested in stocks
could also have been a very useful resource when it could have been used otherwise (Wild,
2002), (Fawcett et al., 2007). Capital invested in stocks is thus, from a company-perspective, a
‘useless” waste of money. Cost reductions are required by the market in order to keep offering
competitive products and services; reducing the working capital costs using more efficient
inventory management is one way to achieve this goal.

Secondly stocks are a source for risks (Visser & Goor, 2004), (Fawcett et al., 2007). For example
stock may catch fire, can be stolen, damaged or may decay over time. Consequently these events
might influence the production process and could even cause it to stop and orders are delivered
too late accordingly. If stock levels are lower the related risks will also be reduced. Risks caused
by maintaining stocks are again related to costs, because stocks have to be stored secure and
have to be protected against these risks, which costs money.
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A third reason to focus on inventory (management) is because inventory costs are some of the
easiest to identify and reduce when attacking supply chain problems (Johnson & Pyke, 2001).
Budgets are often under pressure and costs have to be reduced to keep up with the competition.
In accordance working capital costs will have to be reduced; optimizing internal logistics is a way
to do this in a relatively easy manner (Ploos van Amstel, 2008). ERP is presumed to enable stock
reductions and thus as a consequence able to reduce related costs and risks. Inventory
management aims to control materials and related costs and finance.

3.2.3 FUNCTIONS OF INVENTORIES

Having (an amount of) stock is costly and can cause various additional risks. Waters (2003) states
the following: “stocks are expensive, because of the costs of tied-up capital, warehousing,
protection, deterioration, loss, insurance, packaging, administration and so on”. He therefore
also wonders why inventories are being maintained by organisations at all. According to the Just-
in-Time principle (JIT) when all materials arrive just in time, no stock will be needed and thus
inventory management will not have to deal with the temporary storage of all these goods
(Coyle et al., 2003). This is how managers often explain the JIT-principle. Unfortunately the JIT-
principle cannot always be applied and JIT is just a way of control in a situation where production
takes place based on an order (no mass production). JIT does not mean there are no inventories
at all, but aims at elimination of unnecessary stocks during production (Dijk et al., 2007).

Inventories will probably always exist due to several reasons. There are three main reasons why
stocks are necessary or sometimes even inevitable:

e Uncertainties are the most important reason to keep inventories (DHL, 2009). If for example
a specific order is delivered exactly according to plan and on the agreed date and time, but
the wrong goods are delivered or the delivery is damaged and can therefore not be used.
This example illustrates two possible causes of uncertainty. Although a delivery might be
perfectly on time (as being identified as the first reason for maintaining stock), there might
still be something wrong with the stock as well. Uncertainties in delivery times may also
form a reason to maintain a safety stock, in case a delivery arrives late. If all processes
subsequent to a specific delivery are interrupted as well, it may cause major losses in the
end. For this reason a stock is usually kept, to cope with unforeseen events that could
otherwise prevent the production from moving on. Another important source of
uncertainties is caused on the demand side; the expected orders placed by the clients are
hard to predict (Wild, 2002). In order to guarantee deliveries and a certain level of service to
the clients also a stock is often maintained to cope with uncertainties on the demand side.
To summarize, stocks thus allow for variation and uncertainty in both supply and demand,
which lets operations continue smoothly when problems arise (Waters, 2003).

e In relation to uncertainties, time also plays a role. Time lags which are present in the supply
chain can be intercepted by maintaining stock. A certain amount needs to be kept in stock,
to use during this ‘lead time’. When something is ordered, it usually takes a while before the
goods are actually delivered; during this period the production cannot stand still and
therefore the stock will function as a buffer to overcome this period. Time lags in deliveries
can lead to very large fluctuations and are exaggerated down the supply chain: this effect is
called the Bullwhip effect (Lee et al., 1997), (Fawcett et al., 2007), (Johnson & Pyke, 2001).
Inventories are thus a means to protect oneself against this effect (Klundert, 2003).

e Finally it may sometimes be cheaper to keep some stock. Economies of scale for example are
a reason why inventories are kept. Buying bigger quantities is often more beneficial than
ordering small amounts, due to the related discounts (Waters, 2003), (Coyle et al., 2003).
Additionally ordering one unit at a time that has to be delivered to a specific place every
time the user needs it, requires more logistic movements and accordingly raises high costs
as well. Also fluctuating prices may form a reason to keep a stock: buying a product at a low
price can provide a benefit (Waters, 2003). That is off course when the total costs of keeping
additional goods in stock is cost-efficient compared to buying at a higher price, otherwise
high stocking costs will immediately diminish the intended profit.
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In addition to this list seasonal goods can be added (DHL, 2009): crops for example can mostly
only be harvest once a year, which makes it impossible to produce according to the just-in-time
principle.

3.3 INVENTORY STRATEGIES

Previous sections showed that stocks take up valuable working capital, cost money to maintain
and form a source of risks. On the other hand we have seen that it is often inevitable to do
without stocks. Stocks can even bring in additional money due to economies of scale, as the
previous section just showed. Thus in the end stocks will most probably never cease to exist. The
important question that still remains is; what is the optimal amount of stock to maintain?
Unfortunately there is no unambiguous answer to this question and it has to be considered for
each separate situation individually. The amount of inventory that should be kept depends on
various factors and upon the activity that is defining the stock (Wild, 2002).

3.3.1 CORPORATE STRATEGY

The most determining factor is the corporate strategy (Dijk et al., 2007). First the corporate
strategy is set by the management. Accordingly the choices made in inventory management have
to fit within the corporate strategy to reach those goals. The pursued service level is an example
of the choices that are made by the management. In some cases this is also partly determined by
what the market demands (for instance concerning medical supplies people are more likely to
expect that those are in stock).

Inventory management is used as a means to achieve those goals. Treacy et al. (1993) and Dijk et
al. (2007) define three different key strategies:

e Operational excellence; companies following this strategy aim to offer good quality products
against the lowest possible prices. Dell computers, for example is following this strategy.

e Customer intimacy; firms operating according to this principle, constantly adjust their
products to meet the requirements of their clients. These types of firms try to build up a
good relation with their clients and aim to have more than just one transaction with a client.
High service levels are often an important (sub) goal within this strategy.

e Product leadership; is a strategy aimed at innovation. Enterprises following this tactic try to
stand out due to their new and innovative products; Apple is a good example of this
principle.

Customer intimacy is a term that is used by Treacy et al. (1993) and should not be confused with
customer service. Customer service can be seen as one specific aspect of customer intimacy.
Offering a good service is one aspect whereby one should make sure that the products are of
good quality and always available for example. Customer intimacy stretches out beyond this
scope and also incorporates bonding with clients for instance. For example, making personalized
offers or tracking the customers’ desires to adjust the service providing on their behaviour are
activities that do not directly concern a good service level but do concern customer intimacy.
There is thus a difference, which the following example also illustrates.

A good example of the corporate strategy having effect on inventory management can be seen if
one would compare Aldi (and Lidl) to Albert Heijn, which both are grocery stores. Aldi and Lidl for
example compete on operational excellence (Dijk et al., 2007), whereas Albert Heijn focus on
customer intimacy. The Aldi looks like a warehouse: not much attention is paid to the
presentation of products. The ratio between price and quality at the Aldi is however very
competitive. The Aldi is following the operational excellence strategy, whereas Albert Heijn is
focusing much more on customer intimacy. At Albert Heijn all registered clients for instance get
additional discounts and in the shops the products are neatly presented. Additionally leading
brands are sold and the assortment is kept up-to-date with new product. At the Aldi more often
products are out-of-stock than the products at the Albert Heijn; this is part of the followed
strategy. Accordingly one can imagine that the logistics and inventory management at Albert
Heijn and the Aldi is therefore also very different. Stock levels are very different when a higher
service level has to be offered for example (Wild, 2002).
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3.3.2 BUSINESS MODEL

In addition to the corporate strategy, an organisation chooses a business model that is aligned
with their strategy. By a business model the way of operation is meant in this case, also referred
to as basic structures. The four most important defined basic structures are (Hoekstra & Romme,
1991), (Dijk et al., 2007, p.38):

e  Make-to-stock.
In this structure, products are manufactured, regardless of any order placed by a client. It is
even possible that products are produced, but there is (hopefully temporarily) no demand at
all. In this structure the pressure is on the sales department when the demand drops.
Paperclip manufacturers are an example of a make to stock environment.

e Deliver-from-stock.
The deliver from stock variant looks similar to the make-to-stock structure. However in this
case the assortment is much bigger and products are not being manufactured first. This
structure is usually found at a wholesaler or retailer: a builder's merchant for example has
this structure.

e Assemble-to-order.
Some manufacturing companies only assemble. They combine different components based
on the desired configuration of the client. Using a limited number of components, they are
able to produce various different end-products. Dell computers for example offer various
components where the clients are able to pick from; accordingly their combination of
components will be assembled.

e  Make-to-order.
A make to order structure is most common for products that have to be tailored to the
consumers’ desires. In this case products are only produced on (customers’) demand.
Building a luxuries yacht is a make-to-order example.

Variations to this list exist: Hoekstra & Romme (1991) for instance also mention a fifth structure
called ‘purchase and make to order’. This is an even more specific case of the make-to-order
structure. The order in which the above four structures are presented also represent their rank in
relation to the amount of influence a customer has. In case of the make-to-stock structure, the
interaction with the client takes place at the end of the production process (Hoekstra & Romme,
1993), (Coyle et al., 2003). The client also has no influence during the production process,
whereas in the make-to-order structure the client is already being involved at the beginning of
the production process. The point in the process at which the client gets influence is called the
decoupling point6 or Push/Pull-boundary (Simchi-Levi et al., 2003).

The basic structure is very defining for the amount of stock that is kept. In case of make-to-order
for example materials cannot be held in stock very easily, because the materials required depend
heavily on the order that is placed by the client. If in the ideal situation the required materials
are delivered precisely at the moment when they are required, no stocks will exist. This principle
is called Just-In-Time (JIT) delivery. Using JIT, the make-to-order structure could in theory thus do
without any inventories, if all materials and (sub) components are delivered perfectly in time.

The JIT principle aims to eliminate all unnecessary materials from the production process
(Klundert, 2003). This can only be achieved when all materials are handled at a specific station
and it is possible to pass them on immediately after they are finished at that station. The
principle of JIT is to have items when they are needed and not have those when they are not
needed (Wild, 2002), (Goor & Weijers, 1998). When this theory is carried through consequently
there will be no stocks at all. The basic structure may however sometimes dictate otherwise. For
example the make-to-stock structure by definition always contains a stock in the end, although
during and before production there does not need to be any stock. Keeping stock as small as
possible is often desired, because this reduces costs and risks.

® In Dutch referred to as KOOP: klantorderontkoppelpunt.
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3.3.3 DIFFERENT VIEWS ON INVENTORY

Different perspectives on inventory management also cause the ideal stock levels to be
ambiguous. From a sales perspective high service levels are important. The sales department
wants to offer their clients the best service. Running out of stock is thus not desirable, and
therefore seen from this perspective, high safety stocks seem a perfect solution and not a
problem. The management on the other hand needs to satisfy several different objectives:
where customer service is being just one of them. Management often wants to reduce costs as
much as possible in order to generate more profit or be more competitive. Maintaining large
inventories costs money and consumes working capital that can also be applied for other means.

Additionally an inventory manager also has another perspective on the matter. The inventory
manager responsible for purchasing raw materials might for instance be evaluated by his
superiors on the prices he pays for purchased goods. In that case buying large quantity is more
beneficial, but additional stock might be the result. From his own perspective he might judge
that the purchases are done perfectly, but the stock levels might become too high and in the end
cost more money. There will always be tensions between different perspectives and therefore a
universal answer to the question ‘what is the correct amount of stock?’ cannot be given.

3.3.4 STOCK LEVEL CALCULATION THEORIES

The strategy and business model require a specific service level and inventory management
strategy. Once these strategies are set, different kind of methods are available to calculate the
correct amount of stock for each item and the corresponding order-time interval. The point at
which new items are ordered is important for good stock control. This point is crucial, because
ordering too early could cause overstocking which unnecessarily creates costs, whilst ordering
too late may cause a certain item to become out of stock and may cause missed sales. The point
at which is ordered is therefore most crucial in creating a good balancing between customer
satisfaction and excess inventory levels (Wild, 2002).

The simplest way to manage a stock would be to use a minimum and maximum stock level. A
minimum has to be set in order to create a buffer against the various uncertainties that exist
(Coyle et al., 2003), as described earlier. A maximum is set to ensure that not too much stock is
kept, because that would be unnecessary. Once the minimum level has been reached, items
have to be reordered until the maximum is reached again. In practice however it mostly takes a
while before ordered goods are actually delivered, therefore a review level is also necessary to
ensure that the stock will not fall under the minimum level. The review level makes sure that
goods are ordered before the minimal level is reached, in such a way that the ordered goods are
delivered just in time when the stock approaches the minimum level. If the review level is
reached, items are ordered a due to the delay they will be delivered just at the point where the
stock level is at its minimum. The minimum stock is also referred to as safety stock. The safety
stock forms an ultimate buffer to cope with uncertainties (e.g. in delivery times and varying
demand). The more reliable the supplier and customer demands are, the lower the safety stocks
can be. Figure 8 depicts the relationship between review level, safety stock, minimum and
maximum stock level and supply lead time, as described above.
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This figure assumes a perfect periodical demand and a smooth decrease of stock; in practice the
supply and demand will be irregular. If the stock develops like Figure 8 depicts, it is easy to see
what the supply lead time should be and how much should be ordered. With a more irregular
pattern this will however become more difficult. Various calculation techniques can then be used
to ‘predict’ the upcoming demand in order to order new goods in time and in the right
quantities. To keep the stocks low, it can sometimes be useful to shorten the supply lead time
and order only small quantities at the time. This tactic however requires higher supplier
reliabilities. Various calculation methods exist to calculate the optimal supply lead times and
order quantities (Wild, 2002). Also a lot is written on the calculation of safety stocks. For this
research it will suffice to know how this process works, and that safety stocks, supply lead times
and order quantities play an important role in managing optimal stock levels. ERP originated
from MRP as mentioned in the previous chapter, and therefore within ERP optimal stock level
calculation algorithms are automated. In this research only the performance (outcome) of such a
MRP-run will be considered, but not a detailed description of how it works. The calculation
methods that are available to optimize forecasts are therefore not further investigated in more
detail, because it involves a whole different field of research which lies outside the scope.

Stock level calculation and forecasting is often the first business process step in inventory
management. The next chapter will analyse all sequential process steps and identifies where
potential benefits can be gained by using ERP to support inventory management. The automated
optimal stock level calculations within ERP, called MRP-runs, are one example hereof.

3.4 WINDING UP

In this chapter the position and function of inventory management was described, together with
the reasons why the focus is on this small part of logistics. It can be concluded that optimal
inventory management chases two goals: offering a high service level, against the lowest costs.
Different strategies exist which can influence the balance of this dilemma, but in general these
targets form the main goals of inventory management. This is necessary to keep in mind in order
to construct a good performance evaluation tool later on, because it should measure the right
things that match with the main objective.

In the next chapter the business processes that are followed in order to achieve these goals are

analysed in more detail. Also with the knowledge from the previous chapter, possible ERP
benefits are linked to each process step.
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4 PROCESS AND HYPOTHESIS ANALYSIS

“It is absolutely essential that one should be neutral and not fall in love with the
hypothesis” — David Douglass

The previous two chapters provided background information. In this chapter this background
information is used to perform a detailed analysis of inventory management. First the typical
business processes taking place at inventory management are analysed and mapped. This
mapping is then used to formulate hypotheses on the possible contribution ERP might bring to
inventory management. Also the business process steps identified during the analysis form the
basis for the development of a performance measurement tool later on.

Interviews conducted with thee experts (see Appendix A) provided important input for this
chapter. One interview was done with a logistics expert from KPMG Eindhoven to work out the
different business processes of inventory management. A subsequent interview with a logistics
and SAP consultant from KPMG Den Haag was conducted to verify the identified process steps.
Finally during a third interview with another SAP and logistics expert from KPMG Den Haag as
well, the potential benefits of ERP concerning the inventory management process were
discussed. All three interviews were semi structured: general questions formed the basic input
for these interviews. The questions were mainly open and left room for additional discussion.
The first interview was really explorative and therefore it was least structured. The process
identified during this interview served as a basis for the second and third interview.

4.1 TYPICAL INVENTORY BUSINESS PROCESSES

Within inventory management, several activities take place. Forecasting is the first activity that is
performed. Forecasting is done based on orders: both previous amounts ordered and on
(expected) upcoming orders (Visser & Goor, 2004). MRP-parameters, defined upfront, decide the
levels for safety stock, review level etc. The order history for example is used to calculate the
turnover rate which determines the point at which one should purchase new goods in order to
prevent out of stocks. Furthermore orders that are already placed are also added to the forecast,
because for those orders materials have to be purchased for certain. These parameters form the
inputs for the forecast calculation. The forecast is used to decide whether goods have to be
purchased in order to complement the stock to a secure level again (Wild, 2002). How high this
secure level must be depends on various parameters, as the previous section pointed out.

If it turns out that the current stock is too low, compared to the advice generated through
forecasting, goods are purchased to replenish stocks. At a certain moment these goods are
received and are stored. Upon receipt of goods, goods are sometimes first temporarily stored in
quarantine to acclimatize for instance. Quarantine is optional. Finally a quality check takes place
upon receipt of goods, after which the goods are stored.

In between during storage, stocks are sometimes moved to other places. Finally goods will be
issued that are going to be used either for a) operations where the goods are being consumed
immediately (i.e. consumables), or b) manufacturing in order to use the parts to build a greater
structure, or c) direct distribution and shipment to the client. The goods issue is always triggered
by an order, because the goods are necessary or required to fulfil a certain order.

The above process steps are illustrated in Figure 9 below; this image is based on literature,
expert interviews (as mentioned at the beginning of this chapter) and personal experiences. All
the same, the processes displayed in this picture for a large part match with what is being
described in literature (see (Waters, 2003) for example).
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The yellow blocks represent the main processes; within each main process one or more
processes take place which are displayed in orange. The quarantine process has a different
colour, because this process step is optional. The dark blue oval blocks represent in- and outputs.
By MRP-parameters only the MRP | system is referred to: MRP Il, which incorporates the
planning of human and machinery capacities as well, is not part of the input. An order triggers
the goods issue process and finally the goods are used which forms the output in this process.

The forecasting, goods receipt, storage and goods issue processes are described in more detail in
the proceeding sections. These are the four major processes taking place in inventory
management and these can all very well be managed using an ERP application (Appendix A:
KPMG advisor, 2009). The purchase step is only considered very basic, although there are various
theories about how purchase should be performed. In this case purchase will only be considered
as goods being ordered; how and when and according to what strategy is not taken into account
because that falls outside the scope of inventory management and this research. Purchase
strategies are not directly part of the operational process and are therefore the purchase order is
displayed in another colour, with a dotted arrow towards it, in Figure 9.

4.1.1 FORECASTING

In the above model forecasting is the first process step. The previous section showed the stock
level developments over time. Forecasting is necessary to anticipate on what is coming in order
to maintain a continuous production or service level. Furthermore forecasting is closely related
to scheduling and planning (Coyle et al., 2003). Within the above process forecasting and
planning are considered one and the same process. Forecasting is considered the most important
process, because this is where the real money can be earned: if forecasts are wrong the stocks
will be too high, which costs money or even worse if the stock become too low this may cause
problems at the distribution. Distribution problems can eventually even cause a domino effect:
production stops and clients do not get their products. This would mean major loses in income.
The forecasting process is thus a very important process step in inventory management.

Forecasts are almost never perfect, because there are generally too many uncertainties that
need to be taken into account: it is not possible to incorporate all these uncertainties into the
forecast (Ploos van Amstel, 2008). Forecasting over a shorter period is often easier however and
therefore more accurate as well. For instance when daily forecasts are being done, anticipation
to sudden developments in the demand can be much faster. Several steps exist within
forecasting. First one has to determine what has to be forecast (which items, what level of detail
and over what time scope). Secondly available data has to be gathered (e.g. historical data). Next
a forecasting model has to be selected. Accordingly the forecast has to be done and finally this
forecast has to be monitored and evaluated.

Different forecasting methods are available to select from. First of all qualitative methods can be

used: this incorporates forecasts generated subjectively by the forecaster. Some examples of
these methods include: executive opinion, market research and the Delphi method (Reid &
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Sanders, 2007). Secondly quantitative forecasting methods such as time series model and causal
models can be used (Reid & Sanders, 2007). Causal models assume relations between different
variables which lead to the eventual behaviour. Time series typically assume that all the needed
data can be found in historical series or events. Four basic patterns can be found in time series:
level, trend, seasonality, and cycles. Methods to make an estimate of the upcoming time series
(based on previous time series), may make use of simple mean, simple moving average,
weighted moving average or exponential smoothing methods for example. The aim of
forecasting is to estimate the upcoming need as good as possible; the mean squared error-
method can be used afterwards to evaluate to what extend the forecast matched the actual
demand. The forecast serves as input for the purchase process, which in this case will not be
described in more detail. After purchase, the goods are delivered at a certain moment.

4.1.2 GOODS RECEIPT

When new goods are delivered to the location where the stock is kept (i.e. a warehouse mostly),
several checks take place. Firstly, the price and quantity are compared to the purchase-order to
see whether the delivered quantity and price match. In ERP there exists a link to information
from the purchase department at this point. For some materials, the quality is also checked
before adding the goods to stock. In some special cases the delivered goods even have to stay in
quarantine for a while (e.g. to stabilize after transport or to acclimatize) before the quality is
being checked. Because the quarantine process is optional, this block is dotted in the picture.
Additionally the completeness of the order is often checked and the delivery date is registered.
This information is used to keep track of the reliability of suppliers. Additionally, partial deliveries
can be monitored using this information.

4.1.3 STORAGE

When all checks for received goods are passed, the goods are finally added to the stock. Again
information is stored; at least the added number of materials or the amount of material is
registered (in ERP for example). Additionally the location where the goods are stored is
registered and eventually special characteristics are also registered like value, size or best-before
dates for instance. The registered information from storage is linked back to forecast and used to
do new forecasts with: based on the present amount of stock it is decided how many new
articles should be ordered for instance.

When stock is stored, stock movements actually form the most important activity at this point.
Stock movements may be required for several reasons. Goods are needed at another location for
example. Each movement is registered and the location is updated in the system. Decayed or
damaged goods also cause the amount of goods held in stock to mutate; this mutation also has
to be registered. Usually the aim is to keep entire stock costs as low as possible. Stock mutations
(movement or writing off) cost money and therefore not only the stock levels should be kept
low, but also the number of movements as well.

ERP can be used to real-time monitor which amount (quantity and value) of a certain material is
in stock and at what location(s) it is stored. Also using the information extracted from ERP it is
possible to analyse which goods have a high cycle time and which products lay ‘still’ in stock and
are thus not being used but do cost money/consume space and form a risk. For cheaper items
this is no problem, because they represent a smaller value, but for expensive parts this becomes
very interesting. Materials that are unnecessary being kept in stock can also be traced using the
information stored in ERP. Finally ERP is used to optimize the safety levels (the minimum amount
of stock).

4.1.4 GooDS ISSUE

Finally goods have to be issued, usually for two reasons: depending on the environment. In a
warehouse for example items may be picked to fulfil an order placed by a client. In a production
environment items are retrieved from stock because they are required for production. The
environment is mostly determined by the basic structure, i.e. make-to-stock vs. make-to-order
for instance. When goods are retrieved from stock this is again registered (in ERP for instance)
together with the date and amount that was taken from the stock. In an ERP environment the
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actual stock levels are immediately updated after the goods issued are scanned, registered or
written off in the system. Other departments can thereupon in real-time see the newly
(changed) stock levels.

4.2 POTENTIAL ERP BENEFITS

ERP should in theory be able to improve the inventory process at several points as the
conceptualization part of this research indicated earlier. ERP-vendors claim that various
improvements in terms of efficiency and process optimization are possible. This section is aimed
at the identification of these benefits and locates them onto the business process depicted in
Figure 9. Based on an interview with a SAP and logistics expert from KPMG Den Haag, an analysis
is performed as towards where the improvements of ERP within the above process can be found.
The interview was semi-structured: the process depicted in Figure 9 served as a basis and some
open questions with a lot of room for discussion formed the starting point of this meeting.

In total eleven potential benefits are identified and related to a process step. Below, Figure 10
shows the inventory processes complemented with blue circles indicating at which points in this
process ERP is able to offer potential improvements. A larger view of this same picture can be
found in Appendix B. Also the interrelated connections between different departments are
indicated with light-blue texts. Within an ERP environment the information between
departments can be shared more easily through the centralised storage. The light-blue
connections indicate the points at which information is shared with other departments; ERP

should be able to support this as well.
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FIGURE 10 POTENTIAL ERP BENEFITS

Eleven points are identified: next an explanation of each point is given.

1. MRP (Improved planning)

As Chapter 2 indicated earlier, ERP software packages originated from Material Resource
Planning (MRP) solutions. In most ERP packages thus advanced MRP capabilities are included.
According to what the ERP-vendors claim, ERP software should be able to make more accurate
predictions, because of their years of experience with MRP algorithms and calculations. Also due
to the link with finance and sales within ERP, the software is able to take more factors into
account, and as a consequence do better forecasts based on previous sales for instance as well.
Using stand alone modules to perform MRP-runs can be more difficult, because less external
factors can then be incorporated into the calculation. ERP-vendors claim that their MRP
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solutions are strength of ERP as well and may offer significant benefits at the forecasting
process.

2. Vendor contracting registration

ERP can support and streamline the purchase process due to the registration of contracting
vendors. Typically if a large number of contracts with vendors need to be managed it is very
useful to use software for this. Performing vendor contracting within an ERP environment
provides benefits in terms of sharing information between departments: finance can use the
same data (see advantage 11) when invoices have to be paid which is the result of purchase
buying goods. Price negotiations are incorporated in new orders and budgets immediately as
well. Due to the registration of delivery times within the software it is also better to observe
whether the engagements are met. (see point 6).

3. Assign approved suppliers

Approved suppliers are suppliers which satisfy certain quality standards and products ordered
with them are for instance immediately accepted at the quality check. Furthermore only certain
suppliers might be ‘approved’ because they have proven to be reliable in terms of on time
delivery of their products. Assigning approved suppliers within ERP therefore forms an easy
control to manage quality and budgets. Within ERP approved suppliers can be configured and
shared amongst other departments (see point 11 as well) quit simply. It is useful to assign
approved suppliers for preselecting suppliers that are reliable. It can concern a financial matter:
for example only a few suppliers might be approved, because finance made contracts with those
parties in order to bargain for discounts. Also only a selected group of suppliers may be
approved, due to quality restrictions.

4. Advanced budget control

Within ERP it is possible to create hard restrictions concerning the budgets. This is not a unique
characteristic, but when these restrictions are made in real time by the finance department for
example it does become a unique aspect of ERP. To prevent purchase from overrunning their
budget, it can sometimes be necessary to create a hard restriction in the software: within ERP
this can be managed easily.

5. Three-way-match

The so called three-way-match is a strong characteristic of ERP where the integration of different
departments becomes very clear. The three-way-match is a check between the ordered goods
(at purchase), the receipt goods (receipt at the warehouse location) and the invoice (which
usually is delivered at the finance department). The type, number and quality of ordered goods
have to match with the delivery done by the supplier and the invoice the supplier sends
accordingly. If this information is stored across different software packages, it can be more
difficult to match this information (see point 11 as well) and in the most inconvenient case these
checks have to take place by hand. ERP can improve and automate’ this because it is possible to
monitor the whole process from ordering to delivery to the payment finally.

6. Supplier reliability monitoring

Due to the integration of the goods receipt and the purchase department within ERP it is easy to
evaluate when a purchase was done and at what date the goods were actually delivered. A
simple check between the promised arrival date and the actual date is a good measure of the
supplier reliability. This information can be used when selecting supplier. In some cases the
delivery times might be very critical and a good history of each supplier is than useful to select
the ones that have proven to be reliable.

7 In SAP for instance this can be checked automatically by configuring the write settings.
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7. Inventory turnover visibility

With ERP it is possible to monitor the inventory turnover more easily, because the relevant
information is available in one central database and can be combined in real time. Information
about the average inventory is needed, as well as the sales statistics: within an ERP environment
this information is stored in the same database. A low turnover means that goods are kept
longer in stock and therefore this indicates a waste of capital (i.e. the capital is tied up in
inventory and cannot be used for other purposes).

8. Dead stock visibility

Related to the turnover ratio, also ‘dead stock’ or slow moving stock can be made visible more
easily. Because information from sales and inventory can be combined it is relative easy to see
what goods are moving fast, and which goods are slow moving or even only are being used very
scarcely.

9. Less waste through better information

If the expiration date of certain goods is passed, these goods have to be thrown away and this is
a waste of products and capital. With less waste the expiration of goods is indicated in this case;
not waste of packing materials. Typically waste of products only due to the fact that they have
been lying around for too long is very inefficient and costs unnecessary money. Monitoring what
articles have to be used first and when they will expire is a good thing to monitor and combined
with automatic alarming could save money. Because of better managing the information around
the inventory, the waste of goods due to expiration can be prevented. Stand-alone software,
specially written for inventory management, is also able to do this. But because it is also a
feature of ERP and provides benefits to the process as well it is worth mentioning over here as
well.

10. Better handling rush orders

Before implementing ERP, first the processes taking place have to be analysed, because these
have to be logical and are used to configure the ERP software. This requires that the processes
are described and defined as clear as possible. Due to the streamlined processes that have to be
thought trough before implementing ERP, rush orders can be better handled afterwards. It can
be easier to go from one process step to the next in ERP than in an unstructured stand alone
software environment. Also the number of orders that classify as rush orders can be reduced,
because due to the optimised process rush orders can easily follow the normal path through the
system as well.

11. Less faults through master data

Information that is used very often can be stored centrally in ERP software: within SAP this
information is called the master data. Contact detail and specifications like payment addresses of
vendors can be stored centrally. This master data about vendors can subsequently be used by
both the purchase and the finance department. Mismatches in naming vendors can be
eliminated for example in this way, because this information does not need to be retyped but is
copied from the master data.

The eleven points identified and described above form hypotheses for the potential performance
improvements caused by ERP, towards inventory management. In case an ERP application is
used, better performances should eventually be visible at the identified process steps. In order to
test these hypotheses a suitable technique needs to be selected first: this is done in the next
chapter. Thereupon the selected performance measurement technique is described in more
detail and used to develop a measurement framework. The framework is used in two case
studies in order to evaluate both the framework and the above hypotheses.
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| 5 PERFORMANCE MEASUREMENT TECHNIQUES

"You get what you measure. Measure the wrong thing and you get the wrong
behaviours" — John H. Lingle

The aim of this research is to measure and compare the performance between two situations, in
order to evaluate the potential benefits gained by ERP identified in the previous chapter. Several
methods exist to perform performance measurement and therefore this chapter provides an
overview of the different, most commonly used, methods available. A suitable method is
selected in the end, which will be used for development of the framework afterwards. The
arguments for choosing a specific method will be described as well.

5.1 DIFFERENT APPROACHES

To be successful in the long run, every organisation needs a clear and explicit vision which is
formulated by top-management (Waal, 2002). This vision defines how the company should
evolve and where it should position itself in the market on the very long run. This vision forms
the basis for development of the strategy and objectives of the organisation. The strategy is
subsequently translated to the lower levels of the organisation: examples are unit plans,
budgets, and operational action plans. As described in section 3.2.1, the objectives of good
inventory management are twofold: namely offering a good service level against the lowest
possible costs. Measuring reliable and adequate performance is critical for steering, business
success and achieving the goals (e.g. like the two mentioned above for inventory management)
in the end (Fawcett et al., 2007). Measuring performance is also a useful means when evaluating
certain changes made to the business (e.g. an ERP implementation for example).

To make good performance measurement for inventory management possible a good
measurement technique has to be found first. Literature is consulted to create an overview of
the most commonly used techniques available to measure performance. The following
techniques are found: Key performance indicators (KPIs), Balanced scorecard (BSC), Return on
investment (ROI), Net present value (NPV) and Critical Success Factors (CSFs). From these
methods KPIs are selected, because they are basically key to most of the other measurement
techniques as well, as will be explained during the following sections. Each method is shortly
discussed in each of the following sections. From these sections it also follows why KPls are the
most suitable measure to use in this case.

5.1.1 KEY PERFORMANCE INDICATORS

Key Performance Indicators (KPIs) are quantifiable measurements, agreed to beforehand, that
reflect the critical success factors of an organisation. KPIs are quantifiable metrics which are
usually defined and measured over a period of time or during a specific time interval. KPIs were
first introduced in 1961 by D. Ronald Daniel and Jack F. Rockart. A KPI mostly satisfies the SMART
principle, therefore a KPI must be: Specific, Measurable, Attainable, Relevant and Time-bound.

KPIs can be of totally different nature, for instance financial-, social-, production- and innovation-
KPIs exists. KPIs can differ very much, depending on the type of organisation, department or
industry that is looked at. Some KPIs are however more general than others and are used in most
organisations: total expenses and revenues are an example hereof. But a call centre, handling
customer’s questions, may have deviant KPIs defined. For example the number of calls answered
within the first minute needs to be monitored to measure the quality offered by the call centre.
In inventory management the total value of items held in stock is an important measure, because
this is related to working capital and storage costs which are very important as we saw earlier.

KPlIs are very useful measures for ERP: KPIs generate the input for ERP software. Based on the
measured inputs, statistics and management reports are generated. KPIs thus basically form the
basis of ERP systems, because they determine what the in-/output will be (Pairat &
Jungthirapanich, 2005). ERP software, including the inventory management module for example
holds information about the whereabouts of materials. Based on the registered information, ERP
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can subsequently support the generation of management reports which provides an overview of
the performance scored on different criteria. This way KPIs are a helpful means for an
organisation to define and measure progress toward organisational goals. In logistics most of the
measurement is done using KPIs as well. KPIs are the general standard. The Supply Chain Council
(SCC) constructed a descriptive reference framework called SCOR that uses KPIs as well for
instance (SCC, 2006).

5.1.2 BALANCED SCORECARD APPROACH

The Balanced Scorecard (BSC) is a performance management tool that is able to measure
whether the smaller-scale operational activities of a company are aligned with the larger-scale
objectives in terms of vision and strategy. The BSC performance measurement technique was
first published in 1992 (Kaplan & Norton, 1992). Kaplan and Norton introduced this method. The
balanced scorecard method is typically designed to monitor business processes (Rosemann &
Wiese, 1999). Kaplan and Norton (1992) developed the balanced scorecard technique as a
supportive tool to map more than just ‘tangible’ measures in different categories. The BSC is in
principle based on KPIs as well. The only difference however is that the BSC method adds
something new to it, namely four different categorised perspectives to classify the KPIs in
(Kaplan & Norton, 1992). These four perspectives are as follows:

e Financial(/cost)
e Customer

FINANCIAL
o Internal processes To succeed
. . financially,
e Innovation and learning how should

we appear to
our shareholders?

The BSC is used to represent both

financial and nonfinancial PKls in a CUSTOMER INTERNAL BUSINESS
user-friendly format (Waal, 2002). Toachieve our | & :HOE::ESS HE
. . . , how should | S 0 satisfy our =
The idea of this scorecard is that all :J:‘g';pg:rt:ﬁ £ shareholders and | 5| §
customers? =l STRATEGY customers, what O|=

perspectives have to be taken into business processes
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for example). Although they present i)
different categories that could be

rargers_|

vision, how will
we sustain our

ability to change
measured, the users have to decide e al Learn.com
amongst themselves what they find
important and where they want to FIGURE 11 BALANCED SCORECARD OVERVIEW

keep track of.

5.1.3 RETURN ON INVESTMENT

A less balanced method to measure business performance is the return on investment (ROI)
method. This method is also referred to as rate of return, rate of profit or sometimes just return.
ROI is the ratio of money gained or lost on an investment relative to the amount of money
invested. Mostly ROI is expressed as a percentage rather than a fraction. In the early 1920's
DuPont and General Motors first introduced decentralised divisional structures with profit
centres. As support for these reorganisations they introduced the ‘DuPont chart’ and with it the
ROI concept (Goor & Weijers, 1998). The management was now also held responsible for the
achievement of budgeted ROI and therefore they could no longer only focus on measures of
margin and net income (Waal, 2002). There is however common academic agreement that
measurement of ROI only is insufficient (Jones, 2009). Current literature tends toward the use of
both qualitative and quantitative variables (Waal, 2002).

5.1.4 NET PRESENT VALUE

A variant related to ROI, is the Net Present Value (NPV) calculation technique. This is sometimes
mentioned as a performance measure technique as well, although NPV is not very suitable to
continuously monitor performance. NPV is also a sole financial measure. NPV is used to value
what a project is worth if future incomes and expenses are translated to current time. Future
incomes and expenses are basically return on investments. These ROls are estimated for each
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year the project will be running, and accordingly they are discounted to the current time and
summed up, resulting in a single value: the Net Present Value. NPV is generally used to compare
the financial performance of one project to another beforehand: the project with the highest
NPV value will be the more beneficial one in the end. NPV is thus not very usable for continuous
monitoring, because than ROl would be more suitable. Because of the prospective nature of this
method, NPV is more useful to measure the expected performance of an upcoming project.

5.1.5 CRITICAL SUCCESS FACTORS

A performance measurement technique that is different from the above methods is the Critical
Success Factors (CSF) technique. CSFs were first described in a study in 1979 as a means to
improve management control (Waal, 2002). CSFs are qualitative goals or measures which an
organisation wants to achieve. A good definition provided by Rockart (1986) states that (“CSFs
are the limited number of areas in which satisfactory results will ensure successful competitive
performance for the individual, department or organisation. CSFs are the few key areas where
‘things must go right’ for the business to flourish and for the manager's goals to be attained”. In
accordance with CSFs, also Critical Failure Factors (CFF) can be defined, which logically form the
opposite of CSFs (Pairat & Jungthirapanich, 2005). A critical success factor is different from a KPI
in the sense that it is qualitative. CSFs are vital elements or goals for a strategy to be successful;
KPIs are the quantifiable measures to evaluate the scale on which a certain critical success factor
is met (Rockart, 1979). The following example provides a good example of the distinction
between CSFs and KPlIs:

KPI = number of times the server is unreachable (measurable)
CSF = Appointment of an chief information officer to better incorporate IT-interests into
management (target/goal)

A critical success factor is thus something that needs to be in place to achieve a certain objective;
in this case for example a ClO needs to be in place to achieve the goal of better representing IT-
interests in the management.

5.1.6 SCOR

SCOR, which is an abbreviation for Supply Chain Operations Reference-model, is a very common
used performance benchmark technique in logistics. SCOR is a product of the Supply-Chain
Council (SCC, 2006). SCOR s the industry standard for benchmarking entire supply chains. The
SCC is an independent, non-profit, global corporation with membership open to all companies
and organisations interested in applying and advancing supply-chain management systems and
practices. The SCOR-model captures the Council’s consensus view of supply chain management.
The SCOR-framework aims to integrate business process with metrics, best practices and
technology features. The SCOR reference model is often used to compare companies with each
other. SCOR takes a very broad perspective and focuses on the whole supply chain (SCC, 2006).
SCOR explicitly takes a very broad perspective and therefore does not provide a detailed view on
inventory management, because that is only one small aspect within the whole supply chain (and
the SCC’s framework). Only some of the KPIs that are listed in SCOR relate to inventory
management, but it are only a few. For the specific purpose of looking at a detailed part, like
inventory management, the SCOR model is too high level.

5.2 METHOD SELECTION

Basically incomes and expensed are actually both (financial) KPlIs; the return on investment
method is thus also based on the KPI measurement technique. Therefore ROl and NPV can thus
both be related back towards KPls. The disadvantage of ROl and NPV is their purely financial
nature; this is too limited to measure the performance (Kleijnen & Smits, 2003), (Gunasekaran et
al.,, 2001). Theory also suggest that the use of both financial and nonfinancial performance
measures is better, because it is more in line with the managers’ actions and objectives (Wier et
al., 2007). The BSC tries to solve this unilateral (financial) view by introducing a framework in
which different categories have to be considered. The BSC is however not entirely new, because
it just uses KPIs as well, only this time they are arranged in different categories. We have seen
that CSF (and CFF) is also a well known method to measure performance. However because this
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method is only qualitative it is less applicable in this case, because quantified results are key to
this research. We have seen that SCOR is a logistics benchmarking tool that is already available.
Unfortunately due the high perspective which SCOR takes, this reference model is not very
suitable for viewing the internal performance of inventory management in detail for an
organisation. A selection of only the KPIs relevant for inventory management needs to be made
to correctly let the measurement model correspond with the focus of this research.

5.2.1 CONCLUSION: KPIs

The best suitable method for this research, which provides quantifiable measures on various
criteria, is thus Key Performance Indicators. A categorization that fits the inventory environment
can be chosen freely with KPIs, which is ideal (in this case). All other methods discussed above
(expect CSF) are based on KPls.

Neely (2003) also mentions more recent performance measurement systems, like the
performance prism, economic value added (also known as economic profit), activity-based
costing and self-assessment techniques. The performance prism is again based on KPIs, classified
in different categories, only this time even all stakeholders are incorporated. Finally, economic
value added and activity-based costing are again measures solely based on financial KPIs. KPIs
thus clearly form the basis for a great deal of quantified performance measurement systems. It
comes as no surprise then that KPIs are also used to measure performances in logistics as well
and are even adopted as the standard in SCOR, which is the reference model used in logistics
(SCC, 2006). Using KPIs in this research therefore nicely fits the logistics’ standard as well.

5.2.2 LIMITATIONS TO KPIS

There are several limitations to the selected method that have to be taken into account. First of
all KPIs can be hard to measure in some cases. It has to be clearly defined what is exactly
measured and how this should be measured exactly. This limitation is however generic to most
measurement techniques and is therefore not a limitation that is specific to KPls. Selecting
another method will therefore not solve this limitation. Additionally KPIs have to be defined
unambiguously, to prevent that the wrong things are eventually measured. Measuring the wrong
things will in the end also generate the wrong results as well. This statement does however also
hold for any measurement technique and is not only a limitation of KPlIs.

A second limitation to KPIs is that they can be chosen freely which may cause a lack of coherence
between KPIs (Kaplan & Norton, 1992). This is issue is addressed by the balanced scorecard.
Because KPIs are chosen freely and can be classified in any possible way, this may form an
additional point for discussion. On the other hand the unbound character of KPIs may also
provide benefits, because no predefined structure has to be followed and therefore only relevant
KPIs can be used.

Finally it can be undesirable to measure KPIs for several reasons. Measuring KPIs often costs time
and therefore also money. There has to be a balance between the costs made to measure certain
KPIs and the benefit it creates for monitoring and steering a certain process. KPls must
contribute to gain more control and therefore better output in the end, otherwise measuring
KPIs is useless. Measuring KPIs can also be undesirable because it may stimulate the wrong
behaviour (de Bruijn, 2008). De Bruijn (2008) mentions the example of universities, where
employees’ performance is measured by the number of publications. This performance measure
can form an incentive to add each other’s name on publications. In this way KPIs may lead to
undesired behaviour. This limitation however is not specific to KPls; other performance
measurement techniques also face these issues.

Overall KPIs still form a suitable means although there are some limitations to take into account.

The next section describes the KPIs in more detail, together with their relation to ERP.
Additionally KPIs useful to inventory management are presented.
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5.3 KEY PERFORMANCE INDICATORS

To measure performance, it is necessary to know first what should be measured or what is
relevant measuring: therefore corresponding KPIs need to be identified. Additionally it is
necessary to know how these KPIs will have to be measured in practise. In the following sections,
KPIs will be explained shortly, next a list of KPIs useful to inventory management is put together
and it is described how the scoping of this list is done to select the most important ones.

5.3.1 KPIs aAnND ERP

KPIs are measures or metrics used to help an organisation define and evaluate how it performs.
Key Performance Indicators reflect organisational goals. A KPI typically does have to be
quantifiable in some way. KPls are a suitable means for measuring both financial and non-
financial performance of an organisation. Some measures are easy to define, like costs for
example. Other, non-quantifiable measures, like customer-satisfaction for example are far more
difficult to measure.

ERP is able to capture data of financial and nonfinancial nature (Wier et al., 2007): both
measures are of importance (Sedera et al., 2001), (Kaplan & Norton, 1992). KPIs can
automatically be calculated using information already available within the software. Some
measures are however more difficult to measure: customer satisfaction for example. The input
for ERP-software, usually concerns KPIs as well. KPIs are thus strongly related to ERP because
they provide the input for ERP packages, as well as the output.

5.3.2 RELEVANT METRICS

KPIs relevant for inventory management are collected (See Appendix C). Literature research was
done and a long-list of KPIs was put together. As Gunasekaran et al. (2001) indicate, metrics can
be identified on different levels: strategic (long-term), tactic (mid-term) and operational (short-
term). The focus of this research in on the development of a Bl-tool for measuring operational
performances and therefore only operational metrics were collected. Various sources of
literature were consulted in order to gain as much information as possible and make cross-
validation checks possible (data triangulation, see (Denzin, 1978)). An overview of all the metrics
that were collected from various sources of literature are presented in Appendix C: this appendix
also shows the sources where these KPIs were found.

Appendix C is far from exhaustive. It would be impossible to create an exhaustive overview,
because the number of possible measures can be almost limitless (Fawcett et al., 2007), and one
would have to read all literature on this topic to collect all metrics. However familiarities can be
seen between these seven different sources of literature already. Due to these similarities it is
not interesting to search any further, because that would most probably only show more
overlapping KPIs and would presumably not provide much different or new inputs. Also the list
consists of nearly one hundred KPIs which seem sufficient to select the most important ones
from.

The scoping of this list is done using the inventory process overview depicted in Figure 9: the KPIs
on this long-list are mapped to the different process steps. The long-list shows overlap, which
was logically eliminated when selecting KPIs for each process. Also KPIs that are mentioned by
several authors were selected more easily because of their appearance in various literatures it is
assumed that they are therefore more commonly used and are thus more important to measure.
Furthermore based on literature and knowledge gathered through expert interviews (two SAP
experts from KPMG and periodical meetings with the supervisors) the less familiar KPls were also
screened. Also expert judgment was necessary to identify KPIs that are missing on this long-list.
Finally based on literature, own intuition and expert-judgements to evaluate the outcomes of
that, a performance measurement framework is designed. The next chapter elaborates on the
designing and the resulting framework.
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PART 1V. DESIGNING







6 PERFORMANCE MEASUREMENT FRAMEWORK

“It is the framework which changes with each new technology and not just the
picture within the frame” — Marshall McLuhan (1911-1980)

After selecting a suitable method and identifying relevant metrics for inventory management in
the previous part, the knowledge that was acquired is now used to design a framework in this
section. The framework represents a theoretical view on reality. In this case the framework is a
combination of the business processes identified earlier and the KPI-method applied to that. The
framework is a useful tool which provides a structured way of measuring the performance of
inventory management. Based on the process-steps taking place at inventory management,
depicted in Figure 9 and the KPIs that were identified and scoped as described in the previous
chapter, the framework is designed as a combination of those. The framework offers a useful
tool to measure how well the inventory processes are managed; the framework indicates what
to measure and compare if one would like to benchmark several situations. According to the
hypotheses described in Chapter 4 (and shown in Figure 10) different performances are

expected.

The final framework is presented below in Figure 12 which is the result of literature review,
scoping KPIs and expert judgementss. Appendix D presents the final framework in more detail,
with a detailed description of each KPI.

V/ Optimal Inventory Management \

[

Appropriate service level

) v

(

Optimal (investment) cost control

S
Process focus on:

- Cost control

- Service level

—
Process focus on:
- Cost control
- Service level

—~
Process focus on:
- Service level

Process focus on:
- Cost control

Process focus on:
- Service level

Forecasting accuracy
Forecasting interval

Order lead time

Supplier on time deliveries
Supplier too late deliveries
Verification mismatches

Total stock value

Average inventory

Inventory turnover
Number of days inventory

Order issue time
Goods issued on time
Goods issued too late

Order cycle time " . Stockouts Order fill rate
KP l S Frequency of deliven Quality rejections Safety stock usage Rush orders
mber of supplier-contragts Incom%eetleu ?g%?&:l:c"‘)"s Overstocking
Budget;verruns Approved orders Scap peTrcemage I

i Quarantine !

Forecasting /
Planning

MRP-parameters
+ Orders

Purchase }I

i v
{Goods receiptH Quality Check }b

Record H Stock H Move

Goods Issue }I

Forecasting

b

Purchase

Goods receipt

Storage

)

Goods issue

General

Total trade value
Inventory value

Labour

Labour Percentage

KPIs

Number of different items in stock
Number of storage locations

FIGURE 12 INVENTORY PERFORMANCE MEASUREMENT FRAMEWORK

The dark blue oval blocks represent in- and outputs. The MRP input in this case concerns only the
Material Requirements Planning (MRP) and not the Manufacturing Resources Planning (MRP Il)
which incorporates human and machinery capacities as well. The distribution can be of all
different kinds: both to internal, external destinations or to the client for example. The light blue
blocks on top represent goals which needs to be achieved by good inventory management. The
yellow blocks represent the main processes; within each main process one or more processes
take place which are displayed in orange. The quarantine process has a different colour, because
this process step is optional.

The framework can be viewed top-down or bottom up. At the top of the framework the main
goal is represented: optimal management of inventory. In general it can be stated that optimal

® Three experts from KPMG IT Advisory commented on the framework. All three employees have years of
experience with supply chain management and ERP, and have done projects in this field (or still do).
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management of the inventory can be subdivided into two (sub)goals. The first goal is to fulfil a
good service level. Typically most organisations cannot afford their inventory department to
frequently fail the deliverance of goods that are required for operations. Occasionally an item
might not be available in stock, but in order to maintain a good level of service this issue may not
occur too often. Secondly inventory management aims to keep their (investment) costs in
control. Of course if a year-supply of each item is held in stock, the service level is very high (i.e.
100%), but than a lot of money is needed to finance the whole inventory. As mentioned before
(in section 3.2.1), inventories can tie up large amounts of working capital which can be perfectly
used for other purposes as well. Huge inventories are also a source of risks and therefore not
desirable. Therefore an optimum has to be found between the desired service level and the
related costs. The dilemma between service level and (investment) costs is also underlined in
literature by Reid & Sanders (2007) for example, and also by others like (Wild, 2002) and (Dijk et
al., 2007). Often a third goal is mentioned as well, namely the operating costs of inventory which
includes costs of buildings, personnel costs and energy costs for example. This is only marginally
included in the framework (i.e. only the number of personnel is included), because this third
goals is far less directly related to the performance of inventory management and concerns
secondary performance metrics which are not related to the operational process. This third goal
therefore does not have any impact on physical operations and it is thus unnecessary to include
in this model.

Following the top-down view, and going from the sub-goals downwards to the bottom of the
model, the next thing that is presented are the process steps. In order to achieve the goals on
top of the model, each process-step has to perform well. On top of this, the framework indicates
which of the two goals the focus is within each process-step; the next section elaborates on this.
The inventory process-steps (which were found during the analysis in Chapter 4) are depicted at
the bottom. Attached to each process step, the relevant metrics (KPIs) are indicated. There are
also metrics that are more general and cannot be attached to a specific process step. For these
KPIs a separate level is introduced in which the general metrics of importance are listed: in the
framework this is depicted by a separate layer in the background, covering all activities.

By following the above approach, not only one specific part of inventory management is taken
into account, but the whole process from forecasting to deliverance of goods. This is necessary,
because the uncertainties discussed earlier (in section 3.2.3) exist across the whole process and
have their effect on processes downstream. For this reason the scope of the framework is on the
whole chain of activities which makes this a more valuable framework. Also different
perspectives are taken into account by incorporating various process steps. As mentioned in
section 3.3.3 different ideas about inventory management may exist and someone at the
warehouse may have totally different goals than the people at forecasting. For this reasons the
model incorporates KPIs from the whole process and as a consequence all actors along this
process are represented as well. As a result the framework offers a complete picture which
enables the users to see or investigate the coherence between different activities or alterations
to the process (e.g. using optimizations or new technologies). This framework is typically
designed to monitor operational metrics on weekly or monthly basis. A more strategic or tactical
level could be placed above the current layer of KPIs and might form a dashboard for achieving
targets on the long run. This is however not what the current design is aimed for and therefore
those levels are not worked out in the design.

6.1 DETAILED DESCRIPTION

Not all KPIs are direct measures for internal processes, but also KPIs that measure external
factors are incorporated. As mentioned in Chapter 3, uncertainties play an important role in
inventory management. Both external and internal causes of uncertainty should be taken into
account; therefore for some of the KPIs it is difficult to link them to the performance of internal
processes. These metrics are however important indicators to look at if operations are not
running smoothly: external factors may form a cause of that and then it is very useful to have
metrics that give insight in those external causes. Due to the way the KPIs are presented, it might
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look like each process step can be viewed separate from the other steps, but this is not the case.
Dependency do exists between the different processes, as the following sections will describe.

Problems at the forecasting can lead to too much stock, or too little stock according to the
direction of the bias. This is also the reason why the focus in this process step is on both cost
control and service level. If one would forecast too much, this causes unnecessary stocks.
Forecasting too little may lead to stock-outs at the warehouse and that will affect the service
level negatively. Here the dependency between operations is immediately visible. The other way
around, delivery times are incorporated in the forecast to cope with the latency of delivery and
in that way forecasting is influenced as well.

At the purchase step, the order lead times, order cycle times and frequency of delivery are
metrics that may cause problems further on in the process if these numbers start to increase. If
the order lead times and order cycle times are increasing, it may mean that the goods are
delivered later and the stock is already depleted. These metrics are therefore strongly related to
the offering of a good service level, whereas budget overruns and the number of vendor-
contracts have more to do with costs. Purchase thus concerns both goals as is depicted in the
framework.

At the goods receipt process step all metrics are concerned with the service level eventually.
Whether goods are being delivered on time and in good quality are the main drivers here.
Monitoring of supplier performance is indirectly done by monitoring on-time and too late
deliveries and the number of approved/returned orders. It is interesting to measure these
metrics, because it is an indication how well the suppliers are performing. If their performance is
bad it could indicate a cause of bad service levels as well.

The metrics related to storage are almost all concerned with costs. Only the number of days of
inventory and the number of stock outs are metrics influencing the service level, all others
concern costs. Although two metrics influence the service level in the end, the main focus still is
on cost control at this process step. The metrics at this process should together indicate whether
the amount of stock that is kept, is efficient. For instance the number of stock outs should not be
to high (actually zero), whereas the total stock value, average inventory and the number of days
of inventory which might prevent stock outs if they show higher values, should not be too high
on the other hand as well. Additionally the safety stock should be used occasionally, because if it
is never used that might point to overstocking. Finally if products have to be scrapped this is a
waste of capital and generates undesired costs. The metrics at this process step are however less
related to other process steps and are thus independent.

In the final process step, the goods issuing part, the focus is on offering a good service towards
the client”. Actually this is the only focus of this process step. Order issue times indicate how
long it takes to deliver a product that was ordered by the client. Furthermore it is interesting to
monitor what orders are on time and what orders are too late or incomplete (i.e. order fill rate).
The rush order metric has a more external nature, as it is interesting to monitor this metric,
because it may negatively influence the other metrics if too much rush orders have to be
handled.

6.2 MEASURING HYPOTHESES

In Chapter 4 hypotheses are formulated. The same process steps are again used in the
framework. In order to measure and evaluate the identified hypotheses the KPIs shown in the
framework should match in a sense that by measuring a certain KPI something can be said about
the validity of the hypothesis. Next will be explained how the selected KPls match with the
evaluation of each hypothesis identified earlier:

° Whoever that maybe; e.g. an internal or external client.
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1. Forecasting/planning: MRP (Improved planning)

Through measuring the forecasting accuracy the improvements at this point can be made
visible. According to this hypothesis, ERP software has automated MRP functionalities, which
should result in better forecasts and planning: the accuracy, which compares the forecast to the
actual demand a measure to evaluate how the forecasting process’ performance is improving (or
worsening).

2. Purchase: Vendor contracting registration

Better vendor contracting should result in a structured way of dealing with contracts. As a
consequence fewer faults can be made and therefore the ordering process is running smoother.
The order lead times in this case should improve as a consequence. Also less personnel is needed
because vendor contracting is fixed within the system which should reduce the amount of work
(register vendors, looking up contracts and prices etc.). Also if all vendors are registered
correctly and in the same way, the number of supplier-contracts can be reduced. This is because
correct and centralised registration creates more insight in the active contracts and this prevents
redundant activities from occurring.

3. Purchase: Assign approved vendors

The number of contracts might be reduced, because only a selected group can be used. The
quality, completeness and on time delivery of orders should improve as well. Only a few vendors
which proved to be reliable on the above criteria are approved and therefore these metrics
should improve as well.

4. Purchase: Advanced Budget control

Because budget overrun restrictions can be build in ERP the number of budget-overruns should
decrease.

5. Goods receipt: Three-way-match (between purchase, goods receipt and invoices)

Because the three-way-match can be performed automatically within ERP there should be fewer
mistakes at this point. This improvement should yield an increased number of verification
mismatches and therefore fewer personnel as a consequence, because much more can be done
automatically instead of manually.

6. Goods receipt: Vendor Reliability monitoring

If the vendor reliability is monitored frequently and correctly there will be sufficient data about
each vendor. This information can be used in price negotiations for example. Also if a vendor for
instance fails to deliver good quality or quantity products, or deliveries frequently arrive too late,
these failures can also be discussed and are grounded by the collected data. As a consequence
vendor reliability monitoring should eventually lead to better on time delivery, less quality
rejections and less incomplete orders.

7. Storage: Inventory turnover visibility

Within ERP it is much easier to calculate turnover rates, because all information needed is
available in real time. In theory the turnover can thus be better monitored which should result in
smaller safety stocks and therefore less overstocking. If the turnover rate is very low, there does
not need to be a very large amount in stock and the average stock and number of days of
inventory can be lower.

8. Storage: Dead stock visibility

This point of improvement is strongly related to the previous point. Because ERP provides better
insight in the turnover rates, it is easier to identify dead stocks. Dead stocks are actually stocks
that are constantly overstocked: stock is kept that does not need to be there. Removing or
lowering this stock eventually also should lower the total stock value.
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9. Storage: Less scrap due to better information
Less scrap can easily be measured by looking at the scrap percentage: with ERP this value should
decrease.

10. Goods Issue: Better handling rush orders

Less rush orders could be a result, because of the optimised processes (within the software). But
In the end better handling of rush orders might especially be seen in the number of personnel
that is needed. If it is difficult to process a rush order, either more people are needed or the
processes should be arranged otherwise to cope with this. With ERP the processes can be
optimised, which should eventually result in a lower requirement of people in theory.

11. General: Less faults due to master data

In general this hypothesis states that there might be fewer faults, because all data is stored
centrally. Most of the time faults have to be corrected manually. If there are less faults it seems
logical that also a decreased number of personnel is required.

In the next chapter the two case studies are described. The case studies are used to evaluate the
designed framework and test the given hypotheses as an illustration that the designed
framework actually works in practice.
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7 DESIGN TESTING

"Inventories can be managed, but people must be led" — Ross Perot

The framework presented in the previous chapter is mainly based on literature and expert
interviews. This chapter tests the framework on its applicability and practical value. In order to
do this, three experts reflected on the framework and additionally two case studies are done.

With the two case studies a first attempt is made to reflect on the hypotheses and see what
improvements ERP might bring, simultaneously the framework is tested on applicability.

7.1 EXPERT JUDGMENT

Four experts10 with experience in the field of logistics/inventory management and ERP reflected
on the framework in order to provide one additional validation check towards the design. The
experts were asked to judge the framework in general and rate the KPIs in each category on its
importance: percentages are assigned to each KPI in a specific category by every expert.
Appendix F provides an overview of all weights that were assigned. Below the major comments
made by the experts are elaborated.

All of the KPIs in the model are considered useful. No single KPI was scored with 0% by any of the
experts, which was an option. The average inventory received the lowest score, but this is also
the result of many KPIs being in the same category: as a consequence the percentages per KPI
are lower because 100% had to be divided over more KPIs. In general the experts agreed that the
model seemed correct. There were however a few small comments:

Mr. Hoogewerf commented that some KPls are actually the same; therefore only one of the two
should be measured. For instance the number of orders too late measures the same as the
number of orders received on time only seen from the other side. If only one KPI would be
measured this reduces the number of KPIs. This duplication was however used, because it is
sometimes very practical to have both metrics, because that gives direct insight and one does
not have to calculate anymore: at a single glance both figures can be observed.

Mr. Ploos van Amstel agreed that the model is very suitable for the monitoring of inventory
management’s performance on an operational level. It was discussed that this framework
actually only represents the operational level and therefore might be extended in the future with
a more strategic dashboard, which aggregates the operational metrics to a higher level.
Considering the framework, the only KPI which he found to be missing was the number of
backorders (the orders which the warehouse was unable to deliver and have to be ordered at the
supplier). This KPI is strongly related to the order fill rate, but is especially practical to know for
the manager at the warehouse, because the backorders represent the articles which need extra
attention. Because this metric is not directly part of performance measurement as an output (the
order fill rate KPI namely already is in place), this metric is not incorporated in the model.

Furthermore the list of 33 KPIs seemed very long and in total this is a lot that has to be
measured. In an ERP environment this should not be very difficult, because a query has to be
built once, but in a less integrated environment the calculation of this many KPls becomes
difficult. For this reason it is interesting to know what the most important KPIs are to calculate if
one has only few resources (i.e. time, personnel and money). For this reason a TOP-10 is
selected, including the ten KPIs that received the highest percentages: in practice this meant 25%
or highir which then resulted in a top-10 list. The TOP-10 of most important KPIs can be found in
Table 27,

0, Jacqueline Rutten (Consultant at KPMG IT Advisory); Drs. ing. Frederik Kooistra (Consultant at KPMG IT
Advisory); Ramon Hoogewerf, MBA (Manager at KPMG IT Advisory); Jhr. Dr. Walther Ploos van Amstel
(Senior Logistics Consultant at TNO Mobiliteit en Logistiek).

" The KPIs are presented arranged by the process steps. The order of importance is therefore random, for
more details on the exact importance of each KPI, see Appendix F.
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TABLE 2 TOP-10 MOST IMPORTANT KPIs

Process step KPI Number KPI description
Forecasting 7 Forecasting accuracy
Forecasting 8 Forecasting interval
Purchase 9 Order lead time

Goods receipt 14 Vendor on time deliveries
Goods receipt 15 Vendor too late deliveries
Goods receipt 16 Verification mismatches
Quality check 17 Quality rejections

Quality check 19 Return orders

Goods issue 32 Order fill rate

Goods issue 33 Rush orders

These top-ten KPIs combined are very useful already and can serve as a good start. The other 23
KPIs can be added later to gain even more insight in each of the process steps. By implementing
the above KPIs, several quick-wins can be gained in performance measurement. It is remarkable
that there are no KPIs from storage in this TOP-10 which is mainly because the big wins are not
gained at that point in the process. It is the activities taking place before the actual storage which
determine the efficiency and therefore it is logical that no KPIs from storage are seen in the
above table.

7.2 CASE STUDIES

Besides the expert judgment, also case studies were performed at two different hospitals in the
Netherlands. First the type of industry will be described shortly. Next the situations and findings
from each hospital are described. Accordingly the results from the two case studies are
presented, after which the results will be compared and discussed.

7.2.1 INDUSTRY

The case studies were performed at two hospitals. Although with inventory management one
would probably think of production companies at first, inventory management is an important
topic in hospitals as well. Traditionally production companies are the classic example in most
literature and books, see (Visser & Goor, 2004), (Wild, 2002), (Reid & Sanders, 2007) and others.
This comes as no surprise, because ERP originated from production: the planning and
coordination of resources and production. Nevertheless hospitals are chosen, because logistics in
this industry are studied far less and are becoming more and more important.

Recent developments in this sector make this sector very interesting to investigate. Due to
increasing competition in this sector the health care providers are forced to work efficient and at
low cost, but on the other hand have to maintain a high quality service level as well (Fluent
Zorgadvies, 2009), (Ede, 2009). The Dutch government introduced a new health care system in
the Netherlands which is aimed at stimulation of more competition in this market (Ede, 2009),
(NVZ, 2006). Hospitals are therefore aiming to become more efficient and focus as much as
possible on their core business (NVZ, 2006). Due to the introduction of more competition,
hospitals aim to offer higher services against the lowest possible costs. Optimization of processes
is @ means to reduce costs and offer more efficient services to their clients. In order to reduce
costs also optimal inventory management and logistics operations should be in place. Studies
estimate that small changes in inventory management, purchase and logistics could theoretically
easily yield hundred millions of Euros per year (NVZ, 2006), (TPG, 2004). The importance of good
inventory management is growing due to the increased pressure on prices. Within the health
care industry, quality is very important and therefore a high service level is usually expected from
the logistics department. At first (before the competition) the availability of goods was found
more important than efficiency and therefore overstocking was not seen as a problem
(Logistiek.nl, 2009). Inventory managers were evaluated on the number of goods that they were
not able to deliver from their stocks. This stimulated the behavior of ordering too many goods

54 | INVENTORY MANAGEMENT



instead of an efficient amount. Hospitals are moving away from this principle and are currently
more focused on optimization of processes.

Most hospitals are looking for cost optimizations and service level improvements; IT is a means
to achieve these goals (Fluent Zorgadvies, 2009). Because most hospitals have started to
embrace more and more IT in their organisations only the last decade, there are still many
differences among hospitals. This makes the hospital-industry perfectly suitable to evaluate the
impact of ERP. Among hospitals (especially the regional ones) there are still ones that use
separate software applications for different tasks and departments and on the other hand there
are also hospitals which implemented ERP already a while ago. These are all reasons to perform
case studies at hospitals. Basically three types of hospitals exist:

e General hospitals treat various kinds of diseases and have various different kinds of
departments.

e Academic hospitals (or university hospitals) also treat various kinds of diseases and have
many different specialties. The difference with general hospitals is that they are linked to a
medical school and therefore combine nursing with teaching to medical students.

e Specialised hospitals focus on a specific audience (e.g. a children’s hospital) or deal with
specific medical needs (dermatology is a good example hereof).

Both hospitals used as a case study are located in the Netherlands and both hospitals are
classified as general hospitals in this case. The operation excellence strategy is dominating at
both hospitalslz. Both hospitals aim to provide good care against low costs. Their aim is not to
see people coming back, or focus on low prices only for instance. As a consequence inventory
has to comply with this strategy as well. Out of stocks for instance might be crucial for a patient
and therefore inventory service levels play an important role in these organisations.

Using interviews with purchasers and logistics managers the results from the hospitals are
acquired and compared subsequently using pattern matching. At both hospitals a purchasing
agent and a logistics manager were interviewed. The framework served as a basis, but the
interviews were semi-structured: there was a lot of room for the interviewees to tell their own
story about what is going on at their department. During the interviews the KPls from the
framework were discussed and measured if possible and assessed otherwise. Next to interviews,
pattern matching is used as a qualitative method to structure the processes of both cases and
see whether inventory management is done entirely different when ERP is applied, or not.
Furthermore quantitative pattern matching is performed on the corporate data that is
calculated, following the KPIs identified in the framework. If data about a specific metric was not
at hand an expert assessed the value as good as possible (occasionally by consulting other
employees in the organisation too). The next two sections describe the outcomes found at the
two case studies.

7.2.2 HospPITAL A: NON-ERP

The first hospital that is researched is a medium sized hospital with around 390 beds. The
hospital counted around 1500 employees (or 1000 fte’s in this case) in total, and about 120
specialists in 2008. The hospital is growing rapidly: typically 10-15% per year. The hospital has
one building, located near the city centre. Inventory is kept within the building at two
warehouses next to each other: the sterile goods are kept separate for the non-sterile goods.

Inventory management forms a part of the Purchase & Logistics-department. This department is
responsible for the transportation and (partly) deliverance of all good, except food and persons,
required for normal business operations within the hospital. Their aim typically is to reach a
service level which is as high as possible, because especially a high quality of service is very
important within a hospital. The service level includes on time delivery of orders and the
completeness of these orders (correct order fulfilment).

12 See section 3.3.1 for more details.
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At Hospital A the software that is currently used to support the warehouse and purchase-
department is called Vila, which is provided by Getronics. The financial department however uses
SAP CO and SAP Fl. Financial aspects are therefore not integrated in the same software package
and are dealt with separately in another package. The implementation of SAP FI/CO on the
financial department was only done recently. Due to this development and Vila no longer being
supported, Hospital A now stands for the decision whether to proceed with Vila-software, or
switch to SAP at this department as well. SAP MM and SAP SRM would eventually be the
modules that need to be implemented to replace Vila and support purchase, logistics and
inventory management operations. As indicated Hospital A does not have an integrated ERP
solution and therefore will function as the non-ERP example. Hospital A wants to know what the
functionality of SAP is compared to Vila: whether they are minimal the same as those in Vila.
Furthermore they are interested in the possible benefits ERP may provide, also when the link
with finance is finally made. This is a good first situation to test the framework with.

In order to see where the advantages of ERP can be found, first the whole process is described in
detail in the next section, in order to compare the situation at Hospital A with Hospital B later on.
This helps to identify the improvements in a qualitative manner first. Secondly using the
framework several metrics were determined at Hospital A and listed in a table in the next
section. Using these results the quantitative comparison can also be made secondly.

DETAILED PROCESS STEPS

In total, three interviews were conducted with two experts from the Purchase & Logistics
department: with the head of purchase and a logistics manager. After consulting these experts it
turned out that the five main process steps, already identified earlier, proved to be correct.
However these steps still seemed very high level and within each process step a number of
activities take place as it seemed during the interviews. For this reason a more detailed model is
constructed which provides an in-depth view on the way of working at Hospital A. The resulting
process overview is depicted in Figure 13 below. The process steps that are executed
automatically within the software have blue accents, whereas the manually activities are
coloured red. Figure 13 is followed by a description.

Return goods
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Forecasting/planning Purchase

Forecasting Purchase

Order
fullfillment

Goods Issue

Goods issue

Storage

FIGURE 13 DETAILED PROCESS STEPS AT HOSPITAL A

Forecasting

Forecasting in this case does not consist of one ‘path’ as displayed in the framework, but two
paths. First of all a weekly MRP-run is being done in Vila at the warehouse. Tuesday is usually
their order day, so every Monday-evening the MRP-run is done. This MRP run generates an
advice which is then being evaluated by three experts who (manually) judge the predictions
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made by the Vila software. The advice (including the adjustments by experts) is then
electronically passed to purchase. Besides the demand generated by the MRP-run at the
warehouse, purchase also receives textual-requests (usually written on a note). This is the
second source for demand. Each department within the hospital may request goods that are
required for operations. They usually write their request for specific goods on a paper note. The
textual requests are handed in at the purchase department. These notes are then manually
processed and typed into their software.

Purchase

The MRP-advice and the processed paper-requests are further handed over to purchase. At
Purchase both sources of demand are combined into one order list, which automatically
aggregates all goods to be ordered per supplier. Combining both inputs is done automatically
once the paper requests are processed. One large order list is generated because combining
orders is more convenient for the supplier and the hospital as well. Combining orders results in
fewer orders and therefore less order numbers and deliveries/movements around the hospital.
In the end, fewer deliveries and fewer order-numbers which have to be registered, lead to less
work. Tuesday is the order-day at Hospital A; all paper requests are therefore aggregated for one
whole week and then all ordered at once.

After both sources of demand are combined per supplier, the purchaser will thereupon examine
the list of items to be ordered visually. The purchaser checks the list for irregularities (e.g. in
prices or amounts). If everything seems correct the orders are placed with the suppliers. This is
done with ‘one click’ of a button: a digital fax server is present which faxes the orders to the
suppliers automatically. Subsequently the purchase-department has to check manually whether
all orders are delivered correctly. If one or more faxes cannot be delivered they can be sent again
or printed and faxed manually. After this the purchase is completed.

Acquiring suppliers and negotiations about prices are additional activities of the purchase
department as well. However these activities are secondary to the process above: these actions
take place around the normal operation of ordering goods, replenishing supply and making sure
all goods required above are present. For this reason these activities are not shown in the
overview.

It turned out that budget overruns are an irrelevant measure at the purchase department.
Actually budget overruns were not a relevant measure to the entire inventory management
process. At Hospital A several people at the different departments are assigned to control the
department’s budget. For those people budget overruns are a strict measure: the less the better.
For the logistics and purchase department however they only get a request for certain articles
from the budget-controller and are not concerned in this case with how much of the budget is
already consumed. As a consequence budget overruns were found irrelevant in this case.

Goods receipt

After a while the ordered goods are delivered at the warehouse. Here the goods are unloaded
first. Some goods may need to acclimatize first and are therefore immediately put in quarantine
(held separate from the rest of the stock). This scenario was however not seen at Hospital A.
Upon receipt, several checks take place by the people working at the warehouse. They check
whether the delivered goods match with what is listed on the packing note and what was
actually ordered. If there are irregularities found between these documents, then the head of
the department is informed. He will take actions depending on the situation. If for example too
much is delivered and it concerns an expensive good, the excessive goods are usually sent back
to the supplier. Upon receipt of goods also the quality is controlled visually: the received
packages are inspected on dents and damages (e.g. water damage of damage caused by a fall).
Sterile goods need to be entirely intact, whereas non-sterile goods may still show small damages.
A box of pencils for example will still be accepted if the box shows small damages, but a box of
hypodermics will not be accepted in a dent-condition.
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Along with the delivered goods also (after a period of time) an invoice is received at the finance
department. At this point the process description at Hospital A deviates from what was identified
in the framework, because the financial settlement is not incorporated over there. At Hospital A
the finance department has a separate software package for the financial processes: SAP FI/CO,
as mentioned earlier. As a consequence matching the invoice with the packing note and
purchase-order has to be done manually: the purchase orders are not known in SAP and
therefore no automatic match can be made. The controls done at the finance department are
therefore manual as well.

Returning goods is also shown in the model; this is not present in the framework as well. If goods
need to be sent back to the supplier (i.e. because the quality is insufficient or the wrong goods
are delivered, etc.) a return procedure is used. The goods are again kept separate from the rest
of the stock (in quarantine).

Storage

The process steps at storage correspond with what was identified in the framework. If all checks
at the goods receipt process step are passed correctly, the products are registered and the
quantity in Vila is then updated automatically. Next the goods are stored at a specific location in
the warehouse. Occasionally it is possible that the goods need to be moved.

Goods issue

Upon the requests placed by departments an order pick-list is generated by the software.
At this point the goods are also written off in Vila. Next someone makes a round through the
warehouse and collects all goods listed on the pick-list and puts it in a cart. Additional, while the
orders are picked, the order-picker also checks the available stock: on the pick-list the number of
goods that should be there is printed which should match with the number of goods that is
actually there. If differences are noticed the head of department is informed to find out what is
wrong. Because this is not part of the main process and therefore irrelevant for this research, it is
not displayed in the process overview.

The goods issue step as displayed in the framework turned out to actually consist of two
separate activities. Some of the goods are brought to the department who requested the goods
by the logistics-department. Other goods are just waiting at the desk in the warehouse to be
picked up by someone from the department requesting the goods.

MEASURING KPIs

After discussing the activities at this Hospital and creating a complete view on all process steps,
also the metrics from the framework were discussed. An attempt was made to measure all
metrics from the framework. This was however difficult as it turned out. Gathering data was not
very easy in this case, because not much data was registered within Vila. Vila did generate nice
figures about the achieved service level, but that was about the only information that could be
generated through their software. Some figures about the reliability of their suppliers were
available also, but not for all suppliers and mostly only when they suspected that a supplier was
not delivering according to the agreed terms. A report made by an external consultant provided
some additional figures, but in the end still a lot of the metrics had to be assessed by the
interviewees. It was striking to see that most measures where only monitored on occasion and
no real performance measurement was done periodically (except for the service level figures).
Detailed measurement was only done when they suspected a certain situation not being entirely
correct, but this happened only after something went wrong for example. Whereas measuring
periodically could possibly indicate problems beforehand and in general provides more insight in
the performance.

The results of the measured values are listed in Table 3, together with the results from Hospital
B: this makes a fast comparison per metric possible. In the table it is also shown per KPI whether
the listed value is measured or assessed by the interviewed expert. Next the situation at Hospital
B is described. After that the metrics of both case studies are compared to see where the main
differences are.
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7.2.3 HosPITAL B: wiTH ERP

The second hospital which is researched at is also a medium sized hospital, but is marginally
bigger than the first one with around 450 beds (compared to 390 beds at Hospital A). As a
consequence Hospital B also counts more personnel: close to 2100 employees (this corresponds
with just over 1600 fte’s in this case). Part of this number is specialists, in case of Hospital B there
are approximately 200 specialists. Hospital B has two locations: one central location where most
of the people are stationed and a much smaller location in one of the surrounding villages. The
external (smaller) location can be seen as a department, only it is located outside the main
building. The supplies for this location are provided by the central location: the smaller external
department has its goods delivered just like any other department in the main building only the
distance is bigger. Inventory is kept within the main building at two places. There is a warehouse
for sterile goods, and a separate warehouse for the non-sterile goods.

Hospital B uses SAP-software: a German ERP software package, described earlier™. SAP is used
on the financial and logistics department and partly on other departments as well, for ordering
goods for instance. Inventory management is thus managed with SAP as well. The hospital uses
two modules to coordinate inventory and purchase: that is SAP MM and SAP SRM. Hospital B’s
policy is to be an innovative and progressive hospital. The use of IT is therefore in an advanced
stage and ERP is incorporated throughout the whole hospital. The people at logistics have years
of experience in working with SAP and are well capable of using the software. This makes
Hospital B a good choice for the ERP-case variant. As the interviews with two experts indicated,
the purchase & logistics department is really run like a business and they are therefore very
concerned with costs control and high service levels. In order to reduce the costs even more,
Hospital B is looking into the possibilities of cooperating with two other hospitals as well.
Combining inventory management creates economies of scale and should yield additional cost
reductions.

For Hospital B the same thing is done as for Hospital A: the processes were mapped in more
detail. This mapping is a simple way of comparing both cases (i.e. easier than comparing two
descriptions). Within this process overview it is indicated where ERP is used by the blocks
coloured in blue. Because part of the process matches with Hospital A, the focus will mostly be
on the differences that were noticed. The next section presents the processes at Hospital B. This
helps to identify the improvements in a qualitative manner first. Secondly, according to the
framework, several metrics are measured and listed. This forms the quantitative analysis of
Hospital B. Both situations are thereupon benchmarked to each other in the final section.

DETAILED PROCESS STEPS

A more detailed model is constructed which provides an in-depth view on the way of working at
Hospital B. The resulting process overview is depicted in Figure 14 on the next page. The process
steps that are executed automatically within the software have blue accents, whereas the
manually activities are coloured in red.

B see section 2.1.1 for a detailed description and an example in which SAP is used.
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FIGURE 14 DETAILED PROCESS STEPS AT HOSPITAL B

Forecasting

The demand coming in at forecasting (/planning) also has two sources at Hospital B. First a MRP-
run is done every night, which results in a buy-advice every morning. By running this every night
the hospital is better capable to anticipate on sudden events. If a certain article is suddenly
consumed very fast due to certain circumstances, the MRP-run will notice this and adjust the
advice. Per article it is possible to define the restrictions according to which the optimal stock
level should be determined. Finally an expert (purchaser) will manually evaluate this MRP-advice
in the morning and judges whether the advice is correct. Based on experience the amounts are
adjusted up or down. With the adjustments made by the expert the order-list is passed to
purchase.

The second source of demand is the requests posted by the departments. If a department needs
certain items which are needed to execute their work, they can go to an internal website. This
website is a part of SAP as well. On this website they have to login first. After logging in they see
a catalogue where they are able to select the articles they need. This website looks like a web-
shop (like Bol.com for example). The order status can also be read at this website. The catalogue
has three different categories to choose from. First there is the department’s assortment to
select from. These are the articles that are frequently required by the logged in department.
Next to the department’s assortment also the whole assortment can be seen. Here all goods that
can be ordered, and for which the hospital has contracts with suppliers, can be seen. Finally if an
article is required that cannot be found in the total assortment, a so called ’tekstaanvraag’14 can
be put in. The purchase department investigates the need and finally processes the
‘tekstaanvraag’ as well. Articles ordered via the web shop are delivered on fixed delivery days
(which vary per department).

Het requests from the internal web shop are automatically processed and directly registered in
SAP as well. Here Hospital B differs from Hospital A, because the requests coming from
departments where handled mostly manually there. Finally both sources of demand are passed
on to purchase.

Purchase

At purchase quite the same happens in Hospital B as was seen at Hospital A. The two sources of
demand are combined automatically. Only in this case no visual inspection takes place. The
combined order-list is sent to the suppliers by the purchase-administration at settled order-days
(which are fixed per supplier in SAP). A digital fax-server is used, the same principle as Hospital A

' A ‘tekstaanvraag’ is a request for a certain article that is not present in the standard article-catalog.
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uses. After digitally faxing all faxes the delivery status is checked manually: if a fax is
undeliverable it can be sent again or even a copy can be printed and faxed the old-fashioned
way. EDI™ belongs to the possibilities as well. In SAP, per supplier can be chosen how the order
should be delivered. Most orders are currently placed through the digital fax-server; however EDI
can also be selected in SAP and might be used in the future, which can create additional
benefits™. In SAP other agreements made with suppliers, such as prices discounts, deliver-days
are registered in as well. This master data is managed by the purchasers.

Just as was seen in Hospital A, budget overruns turned out to be of no relevance at Hospital B as
well for the same reasons as with Hospital A. The people controlling the budgets for ordered
goods where not from the purchase & logistics department. Furthermore price negotiations with
the suppliers are registered in SAP and therefore ordering a specific article for a higher price is
not possible and a budget overrun metric was unnecessary.

Goods receipt

After a while the goods are receipt. At Hospital B the packing note is automatically matched with
the purchase order. If fewer items are receipt than was ordered, that number is just booked in
the system. On the other hand if more items are receipt it is not allowed to book all items in the
system, but only the ordered amount. For the remaining items the purchase department is
consulted what to do next, i.e. sent them back or add them to the stock as well. A visual quality
inspection takes place after checking the documents. If there are problems the goods are
shipped back. Within SAP a return booking is done. Along with the goods that are receipt also an
invoice comes in at the finance department. The invoice is taken over in SAP, after which an
automatic check takes place between what has to be paid and what is delivered. Next payment is
done automatically if this matches (with marginal differences allowed up and down until 3%).
Currently the invoice is not electronic, but the next step would be to receive this digital as well
(e.g. via EDI). In that case, there is no need for any paper documents at this point in the process
as well.

Storage

If everything is correct the goods are booked in SAP and the goods are stored in the warehouse.
At the warehouse the article numbers have different prefixes for the different main location
(sterile/non-sterile). Also the shelves are numbered alphabetically. This is useful for calculating
order-picking routes (see goods issues). Next to these practical differences the process steps at
storage are exactly the same as with Hospital A.

Goods issue

At the final process step there is only one big difference. As mentioned shortly the shelves are
codified with successive codes. SAP automatically generates a list of goods that need to be
picked from the warehouse in order to issue them to the internal client. Using the codified
shelves a logical path through the warehouse is calculated. As a consequence the order-picker
does not have to walk up and down the warehouse in order to search for all goods listed on the
order-pick-list.

MEASURING KPIs

Data retrieval was much easier in this case than at Hospital A. There was already an excel sheet
available with several measurements from the last months. It was however difficult to validate
the measurements on this sheet and therefore it can only be assumed that the measurement
were done correctly. Overall it turned out that Hospital B was much more concerned with
measuring certain values in their process; this already formed a good first attempt to create
more insight in their performance. Hospital B actively monitors thirteen metrics each month in
the following four categories:

13 EDI stands for Electronic Data Interchange and is an electronic form of communication between different
software applications and firms.

1 Using EDI the orders are electronically placed directly in the system of the supplier, which saves time and
effort at the supplier-side: in the end this should result in lower prices.
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e Finance

e (lient
e Innovation
e Internal

Some examples of the metrics that are measured are:

e Purchase results: money saved on the purchase process.
e Complaints by clients.

e Throughput times.

e (Client satisfaction.

e Number of request and order lines.

e Efficiency of bundling orders.

e Supplier reliability.

e Number of supplier reduction.

Using queries in SAP the data is extracted from the software and placed in excel, which is then
used to plot the results in nice charts and graphs to make it more visual. Following the
framework, metrics were measured. A lot of the metrics could directly be used from their own
excel sheet. Some metrics that were missing could easily be measured using a query in SAP as
well, and a few metrics still had to be assessed by the experts at the department, because there
was not enough time to create a query for all metrics and extract all required data from SAP.

The measured results are listed in Table 3 in the next section, right next to the results from
Hospital A. Again the table shows for Hospital B what KPIs are actually measured and what KPIs
are assessed by the logistics experts that were interviewed.

7.2.4 BENCHMARKING

Having both cases described and presented, the results are now compared to each other in the
following sections. First the focus will be on the qualitative difference between both processes.
Next a quantitative comparison will be made between the KPIs measured according to the
framework and finally hypotheses are tested.

COMPARING PROCESSES

Looking at the two process overviews that were constructed for both hospitals, several things
can be seen'. First of all the five main process steps that are identified in the framework
matched with what was found in the case studies: the five procedures of forecasting, purchasing,
goods receipt, storage and goods issue are found at both Hospitals as well. Following the pattern
matching principle (Yin, 1994) the same pattern was thus found in practice, as was designed in
the framework beforehand.

It turned out however that within each of these five processes an even more detailed picture
could be constructed, which was done. In general the processes taking place at both hospitals
largely look the same. Nonetheless three major differences can be observed:

o At forecasting:

At the forecasting it turned out that also requests from different departments formed a separate
stream of input (see snapshots in Figure 15). In the ERP case this process was totally automated
via an internal web-application (as a part of SAP SRM), whilst in the non-ERP case (Hospital A) a
lot had to be done manually concerning these demands which is a labour-intensive job and
therefore requires more personnel and thus more money.

Y see Appendix E for a larger view on both processes simultaneously.
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Hospital A Hospital B

Division’s
demand

MRP
parameters

Division’s
demand

MRP
parameters

Forecasting/planning

Forecasting/planning

) Forecasting
Forecasting

FIGURE 15 BENCHMARKING: DIFFERENCES AT FORECAST

e At goods receipt:

At the goods receipt process there was a difference also at the checks that take place, see Figure
16. At Hospital B, with ERP, the check between the purchase order and the delivered goods takes
place automatically. Also the invoice is automatically compared to the delivered goods (i.e.
numbers/items). No manually checking takes place at this point anymore, whereas without ERP,
occasionally faults are made and the finance department then has to check with purchase what
went wrong. This costs time and money. In the ERP case this process was automated and it is
harder to make a mistake, which is a huge advantage.

Although this difference between cases might look likes a simple blue block in the process
overview it is indeed a significant advantage in practice. The error rate can be lowered which
saves a lot of money. And because this process is running much smoother a lot can also be saved
on personnel cost. The only problem with this advantage is that it is hard to measure or prove
how much money is actually saved. This is difficult to indicate if two cases are compared,
because other factors influence this process as well and might well be the cause of an
improvement instead of this automation.

Hospm

Hospith\

FIGURE 16 BENCHMARKING: DIFFERENCES AT GOODS RECEIPT
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e Atgoodsissue:

Finally the third difference between both process overviews is at the goods issue process step,
see Figure 17. At Hospital B it was seen that not only pick-lists were generated by SAP, but also
the routing is taken into account. This saves work for the people working at the warehouse and
picking the orders, because the routing is calculated and the pick-list is sorted by that, thus a
logical path through the warehouse can be followed which saves time and effort.

Goods Issue Goods Issue

Goods issue Goods issue

FIGURE 17 BENCHMARKING: DIFFERENCES AT GOODS ISSUE

These were the three major differences that were seen if the situations are compared on a
(qualitative) process level. Next the metrics according to the developed framework are viewed in
detail. This is done for two reasons. First to see how easy it is to apply the framework and second
to make a first attempt to carefully say something about the improvements ERP might cause (i.e.
to test the hypotheses).

COMPARING METRICS

The measured values from both hospitals are listed in Table 3 below. Next to each value it is
indicated whether the value was actually measured or assessed by the experts at the hospital.
The values in Table 3 are measured as prescribed by the framework™®. Due to the lack of data
about certain KPIs and the restricted time, which prevented measuring all the missing data, not
all metrics could be measured as the framework prescribes. Therefore some KPls are assessed
rather than measured: after each value it is indicated whether the value was actually measured
(M) or is based on an assessment (A) of an interviewee from the purchase & logistics
department.

TABLE 3 COMBINED HOSPITAL DATA

Value CaseA  Measured/ Value Case B Measured/

Assessed Assessed

Case specific metrics

Number of beds 386 M 449 M
Number of personnel 1,511 M 2,075 M
Number of personnel (fte) 1,017 M 1,642 M
Number of specialists 117 M 154 M
General metrics

1. Total trade volume €108,267,000 M € 154,720,646 M

2. Inventory Value 0.35% M 1.07% M

¥ Take a look at Appendix D for a detailed description of each KPI.
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3. Personnel Total: 20.4 fte M Total: 19 fte M
Purchase: 4.6 fte Purchase: 10 fte
Warehouse: 16 fte Warehouse: 9 fte
4. Personnel percentage 53.4% M 11.4% M
5. Number of different items Sterile: 448 M Sterile: 250 M
in stock Non-sterile: 1490 Non-sterile: 800
6. Number of storage locations 2 (sterile/non- M 2 (sterile/non- M
sterile) sterile)
Forecasting
7. Forecasting accuracy 95.0% A 100.0% A
8. Forecasting interval Weekly M Daily M
Purchase
9. Order lead time 2-3 days A 1-2 days A
10. Order cycle time 7 days (Weekly) M 7 days (Weekly) M
11. Frequency of delivery Weekly A Weekly A
12. Number of supplier-contracts 460 M 310 M
13. Budget overruns <irrelevant> -- <irrelevant> -
Goods receipt
14. Supplier on time deliveries 95.0% A 95.0% A
15. Supplier too late deliveries 5.0% A 5.0% A
16. Verification mismatches <unknown> - 0% M
Quality check
17. Quality rejections 0.1% A 1.0% A
18. Incomplete order rejections 20.0% A 2.5% M
19. Return orders 3.0% M <1.0% M
20. Approved orders 97.0% M 99.0% M
Storage
21. Total stock value € 386,000 M € 1,663,030 M
22. Average inventory <unknown> -- <unknown> --
23. Inventory turnover <unknown> - <unknown> --
24. Number of days inventory <unknown> - <unknown> -
25. Stock outs <unknown> - <unknown> -
26. Safety stock usage <unknown> - <unknown> -
27. Overstocking <unknown> - <unknown> -
28. Scrap percentage <1% A <1% M
Goods issue
29. Order issue time 1.4 days M Within 4 days M
30. Goods issued on time 88.9% M 95.0% A
31. Goods issued too late 11.1% M 5.0% A
32. Order fill rate 86,6% M 95.0% A
33. Rush orders <unknown> - 2.0% A

It was not possible to measure or assess all 33 KPIs; therefore some values are listed as
<unknown> in the above table. Especially at the storage part it was really difficult to get actual
values, because the above KPls are usually not measured. Assessing the values at that point was
also not possible, because it depends heavily which article it concerns. Also because there are
over 300 articles in the warehouse of both hospitals it is very hard to make a good assessment
for a few goods. In the ERP case (Hospital B) it should have been possible to construct queries in
SAP in order to measure these KPlIs, but due to the time constraint and the time it would take,
this could not be managed. The cooperating hospital was limited in their time and eventually
could not provide these numbers. Using the other values that are measured or assessed each
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hypothesis is discussed below. The hypotheses are evaluated based on the metrics that were
identified and addressed as important in section 6.2 earlier on (e.g. improvements are
considered to be seen on the KPIs described in that section):

1. Forecasting/planning: MRP (improved planning)

According to this hypothesis, ERP is superior in performing MRP-runs and is therefore very
accurate in its performed forecasts. The forecasting accuracy between both cases should be
compared: for the two cases, a better performance can be seen at Hospital B which uses ERP. An
important remark immediately needs to be placed at this observation, because both accuracies
are assessed by the interviewees and are therefore not very reliable. According to the numbers
presented in Table 3 above there is however no evidence that falsifies this hypothesis: this
hypothesis is therefore not rejected.

2. Purchase: Vendor contracting registration

To validate this hypothesis the order lead times and number of personnel should be compared
between situations, which should indicate whether processes are running smoother. The number
of personnel at Hospital A in proportion of the total inventory, compared to the number at
Hospital B is almost five times as high. This means that for the same amount (value) of inventory
that has to be managed, Hospital A has five needs five people, compared to one at Hospital B.
The order lead times are also shorter at Hospital B. Both these measure could point to an
improvement at this point. The same remark as with hypothesis 1 has to be made here: the
order lead times are assessed and therefore not entirely reliable. The reduced amount of
personnel may not only be caused because vendor contracting registration reduces the amount
of work, but might well be the result of other factors as well. Based on the number of supplier
contracts (which is far less at Hospital B) and the observations done during the interviews it can
be acknowledged that Hospital B is more concerned with selecting a smaller group of suppliers
than Hospital A does and handles its supplier-contracts in a much more structured (centralised)
way which eliminates redundant work.

3. Purchase: Assign approved suppliers

Only allowing articles to be bought at approved (preselected) vendors was actively done at
Hospital B. The reduction of vendors was monitored as a KPI and formed a separate goal at
Hospital B. The number of supplier-contracts could very well be measured and is significantly
lower at Hospital B. In terms of quality rejections and too late deliveries no real difference exists
between the two situations. In the end, ERP thus shows no real noticeable significant benefit at
this point if the two test cases are compared.

4. Purchase: Advanced budget control

Both Hospitals indicated that budget control lies outside the scope of their activities at inventory
management. It is the responsibility of the department that requires specific articles to keep an
eye on their own budget. Because budget control lies outside the scope it is difficult to say
something about this hypothesis. No hard numbers can be given at this point, but Hospital B did
indicate that with an ERP package the departments get more insight in their remaining budget
and consumed budget, because of the integration these numbers can be registered and viewed
in real-time by the ones who manage the budget.

5. Goods receipt: Three-way-match (between purchase, goods receipt and invoices)

The number of verification mismatches at Hospital A is unknown. However during the interviews
at Hospital A the interviewee already indicated that occasional meetings with people from the
finance department were necessary to solve lack of clarities. At Hospital B the matching process
went automatically (with an automatic fault margin for deviations in price of 3%) and therefore
the number of mismatches is very low (the interviewee even indicated zero percent) and no such
meetings were necessary. As indicated before Hospital B uses fewer personnel for the same
amount of inventory. Overall it can be stated that this hypothesis is plausible; the automatic
three-way-match reduces faults and required personnel.
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6. Goods receipt: Supplier reliability monitoring

For testing this hypothesis one should look at quality rejections, on time delivery and the number
of incomplete orders as indicated earlier. The percentage of on time deliveries is the same in
both cases. The percentage of quality rejections does not deviate very much from each other as
well, although case A shows a slightly better score here. Finally the number of incomplete orders
is a measure to see whether the suppliers are more reliable as a consequence of better
monitoring and selecting suppliers. As measured at Hospital B (with ERP), only 2.5% is rejected
because the order is incomplete. At Hospital A an interviewee estimated this number at 20%
which is much higher. Actively monitoring supplier reliabilities was not only done in both cases
when a certain supplier was suspected of not offering good service: in those cases the supplier
was monitored for a while in order to use this data in the next negotiations.

7. Storage: Inventory turnover visibility

No data about the KPIs required to test this hypothesis was received and therefore nothing can
be said about the validity of this hypothesis.

8. Storage: Dead stock visibility

Due to better insight of stocks using ERP, according to this hypothesis it should be better possible
to identify dead stocks and with that reduce the total stock value. If the total stock value of both
cases is considered, it can be observed that Hospital B has much more stock. Even if the total
stock value is expressed as a percentage of the total trade value, which is also bigger at Hospital
B, Hospital B still has three-times as much stock as Hospital A has. According to this hypothesis
that better insight using ERP should reduce the total stock value is thus not found to be true in
this case. There is too little information to explain what causes this larger amount of stock.
Assembly when the size of an organisation increases, the uncertainty will also grow and to cope
with that the Hospital in this case needs to keep bigger stocks. This might be an explanation of
this difference.

9. Storage: Less scrap due to better information

Both were very keen on not wasting any products, because that costs money. Both hospitals
therefore kept a strict FIFO (first in — first out) system. Both percentages are less than one, only
in case of Hospital B they were also able to measure this value using their ERP software. Based
on the two cases, this hypothesis should be rejected.

10. Goods issue: Better handling rush orders

Rush orders and the number of personnel form indicators for the ability to deal with rush orders.
Hospital A had no data about the number of rush orders. Hospital B estimated the number of
rush orders at 2 percent, which is a low percentage, because this means that 98% follows the
regular path through the process. The number of personnel is much less at Hospital B (as
indicated several times before), which might be caused by the reduced amount of rush orders,
although this cannot be said with any certainty. Significant proof for this hypothesis is lacking
and therefore this hypothesis is rejected.

11. General: less faults due to master data

Whether less faults are made, is hard to measure, but as a result of less faults, less personnel is
required to handle errors or mistakes. Again the number of personnel is a measure for this
hypothesis together with the number of faults itself, but as indicated that is hard to measure,
because then all activities would have to be registered and monitored which is very intensive and
often not feasible. It can only be observed that Hospital B requires far less employees to handle
the same amount of inventory than Hospital A does. This hypothesis is rejected as a result.

WINDING UP

Overall it was difficult to acquire all data and therefore not a valid comparison can be made, but
only an indication can be done towards the improvements that are seen by ERP. In general it can
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be said that Hospital B uses far less people to handle the same amount of inventory, but what
exactly the causes are of this is quite unclear. However, improvements were seen at the
forecasting accuracy, vendor contracting registration and three-way-matching process.

Looking at all the metrics from the two case studies the results do not deviate very much from
each other. This can actually be considered quite logical, because both hospitals have the same
goals. How process and activities in between are organised may be different, but in the end they
get judged by the number of goods they are able to deliver or not, so at the final results no big
differences are seen. Only the operations in between might be running smoother and therefore
less personnel is required. Hospital B showed a much smaller number of personnel compared to
Hospital A and that might therefore be an indication that they benefit from their ERP solution.
Looking at the inventory management related metrics no real improvements have been seen.

7.3 RECOMMENDATIONS FOR BOTH HOSPITALS

Based on the case studies and the expert judgments several observations are done. Below the
recommendations per hospital are discussed, arranged according to the different process steps
to make the recommendations better readable.

HOSPITAL A

During the interviews and the measurement of the KPIs in the framework, the following points of
improvement are identified:

Forecasting/demand

e An online (internal) ordering system for all the departments could yield a big improvement
at the forecasting side. Automation of this process reduces the paper work and as a
consequence saves money on required personnel cost.

e An online ordering system for articles also creates more insight towards the (internal) client,
because they are than able to see for themselves whether goods are already delivered or
not. Currently a lot of questions concerning the delivery times are raised and the purchase
department is very occupied with that. Communication via an online ordering system can
streamline this communication and create much more clarity within the hospital.

e  With an online ordering system the processing of purchase orders can be automated as well,
currently a lot of manual work has to be done at this point. If this part would be automated
the demand from the departments can be automatically combined with the MRP-run advice.

Purchase

e Centralised management of supplier-contracts should be required. Currently the purchase
department does not have clear overview of all the contracts that are maintained.
Combining all contracts creates a better negation position (e.g. to enforce discounts) and
saves redundancy within the organisation.

e Currently suppliers have a duplicate listing: at the purchase & logistics department and at
the finance department. This redundancy causes faults and additional work.

Goods receipt

e A digital check between the purchase order and the received goods (at the warehouse)
would save a lot of work. Automating this step would save time and effort.

e |[f the invoices are received automatically from the suppliers as well, the check between
ordered goods, delivered goods and the invoice can even be automated as well. This forms a
next step in even further automation of this process. This lies a bit out of the scope of
inventory management, but would clear a lot of vagueness.

Goods issue

e Calculate optimal routings would increase the efficiency of the warehouse personnel. The
warehouse at Hospital A was not gigantic, but the hospital is growing fast and getting used
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to calculate routes at this point would be ideal and necessary if the hospital continues to
grow even bigger in the future and the order picking process becomes more complex.

General

e Most KPIs now need to be extracted manually. Only metrics about the service level are
currently available, but this represents only one aspect of the whole inventory management
process. Several consultancy reports are available which contain lists of KPIs, but these kinds
of reports are only done occasionally. It is highly advisable that more KPIs can be extracted
automatically on a periodic schedule.

e |t would be good to give feedback to the budget holders at the different departments in
some way. Currently they have only little information about how much of their budget they
have consumed. Using an online ordering system more insight can be created towards the
control of their budget. This improvement will however not directly be seen in the metrics of
the framework, because this falls somewhat outside the scope of the framework.

e SAP is already available at the finance department; therefore a logical successor to their
current outdated Vila software package, would be to implement SAP. Licensing is already
present and therefore this will not result in very high additional costs. Integration between
departments will then be possible.

e SAP can support all the activities that are currently being performed in Vila; by changing to
SAP, no functionalities will therefore be lost compared to the old software.

HOSPITAL B

Hospital B was in a further advanced stage of using SAP (finance, purchase, logistics and internal
ordering all worked with SAP), but still some improvements were identified which might improve
their process even further:

Purchase

e The purchasing is currently done by a fax server. This could be replaced by EDI. The orders
would then electronically be received in the system of the suppliers. This saves time and
money at the suppliers which should result in shorter delivery times and lower prices on the
long run.

Goods receipt

e The checking of the invoice with the purchase order is still done manually. An improvement
at this point would be that the invoices are received electronically (via EDI) and
automatically matched with the purchase order: this would improve the checking process
and thus save time and money.

General

e Although Hospital B was already using queries and extracting data from SAP, this was still
done too little. More key metrics and thorough analysis of those could reduce the total
amount of inventory or at least indicate the reasons why this is not possible anymore.

7.4 GENERAL RECOMMENDATIONS

In general it would be a good recommendation to both hospitals to do periodical measurements
of KPls. It is strongly advised to at least measure the TOP-10 KPIs in order to gain more insight in
their own process: this should be done periodically, ideally on a monthly basis. Hospital B already
did a monthly check up on some KPIs and therefore has already taken the first step. Using SAP
and automatic queries, the calculation of KPIs on a monthly basis is of course far easier than in
the case where a lot of information has to be gathered and calculated manually.

This chapter focused mainly on the differences between two cases and the usability of the
model. Above specific recommendations to the hospitals were given. The next chapter will
reflect on this research and the results in general, followed by the conclusions of this research in
chapter 9.
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PART V. CONCLUDING







8 REFLECTION

Before jumping to the final conclusions, this chapter first reflects on the outcomes (i.e. the
framework and the performed case studies) and shortly on the research process itself.

8.1 APPLICABILITY

First the limitations of the framework are described, followed by opportunities to generalise the
framework to other industries and technologies than the ones used during this research. Finally
this section also describes the potential practical use in business of the developed framework.

LIMITATIONS OF THE FRAMEWORK

The framework is developed based on various kinds of literature and expert interviews. As
indicated in chapter five, the list of KPIs that was comprised was not exhaustive. One might
wonder whether the number of KPIs from which a selection was made is complete. Related to
this it is hard to proof that the framework includes all necessary metrics. This lack of proof might
form a limitation to the developed framework, because situations can occur that require a
different set or very specific KPIs which are currently not in the framework.

It is however very hard and probably even an impossible job, to create a framework that is
complete towards all situations and scenarios. Due to time constraints the selection of KPIs was
limited to the number described in Appendix C. Possible other KPIs can be thought of as well. The
maximum amount of stock for a specific article for instance might be an example of an important
KPI. This metric was however not mentioned in any of the literature and therefore not
incorporated in the final model. The case studies and expert interviews functioned as a validation
for the framework and it can only be assumed that the framework is therefore complete. Even if
the framework is not complete, it still proved to be very useful as it is now; this is most important
and therefore full completeness of the model is considered an utopia which is very hard to
achieve and probably unnecessary as well.

Another interesting point of comment on the framework which might form a limitation in certain
situations is the underexposed role of costs within the model. The cost structure is not directly
incorporated in the model, but in a more indirect way. Indirectly the measures like personnel and
average storage, dead stock and turnover can be related to costs, but costs are not further made
explicit in the framework itself. But because the model is really intended to monitor operational
inventory process this is however less important. If one wants to do an investment this model is
not suitable: a NPV or business plan has to be written in that case instead. The framework is
really aimed at monitoring daily operations and therefore it is considered sufficient to have the
metrics as they are right now and the explicit choice was made to keep the costs only indirectly
present within the model. If the daily operations are monitored and managed in an efficient and
effective way, the costs will be lowered automatically as a consequence (which is finally reflected
in a lower number of personnel and lower average inventory value).

GENERALIZATION OPPORTUNITIES

The framework is used to test several hypotheses with. The framework is applied at two
hospitals and to evaluate the performance of ERP. Interesting to know is whether it is possible to
generalise the framework to other technologies and industries as well: the answer will likely be
yes. Using the framework to evaluate inventory management in other industries should
presumably be no problem at all, because at a production company or grocery store for example
the same five main basic processes take place. Although strategies or other production models
might be used for instance, the five main process steps that were identified have to be walked
through in most cases. Because the framework represents inventory management at a relatively
high level the framework should be applicable to various types of industries. One small comment
however is that in a production company, besides the purchase process also a production
process might form a source of goods, as depicted in Figure 18 below. Accordingly in a
production environment the goods are not (always) distributed at the end but might be also re-
used in another part of the production process.
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These differences however form only small nuances that do not affect the performance
measurement of each step. If the production process, parallel to the purchase process, is seen as
a separate supplier as well, the same framework can be used again in the same way as before.
The framework will thus be very well applicable to production companies also. Actually most
literature that is used focuses on a production environment and thus a lot of the KPIs that are
collected where supposed for production companies. Therefore the validation of a different
industry has theoretically partly taken place, already: looking at inventory management in the
hospital industry is not very common. This then already represents a validation in itself, because
the set of KPIs that is used are mostly intended for production companies, but turned out to be
applicable to inventory management at hospitals as well.

s Quarantine |

P 'y
MRP-parameters Forecasting / . "
+Orders Planning Purchase Goods receipt Quality Check Record Stock Move Goods Issue
Forecasting Purchase Goods receipt Storage Goods issue

Production

—
MRP-parameters Forecasting / . n Distribute/
+ Orders PEnning Purchase Goods receipt Quality Check Record Stock Move Goods Issue e ———
Forecasting Purchase Goods receipt Storage Goods issue

FIGURE 18 ADJUSTED FRAMEWORK IN A PRODUCTION ENVIRONMENT

A second interesting opportunity for the framework lies in its possibility to test other
technologies as well. In this research the framework is used to validate hypotheses concerning
the improvements caused by ERP. Yet it is quite well possible to use the framework for studying
the effects on inventory management caused by other technologies too. The steps that were
implicitly taken to evaluate ERP were as follows:

e Formulate hypotheses about the impact of a certain technology.

Describe what KPI(s) in the framework are expected to improve or be affected.

e  Measure all KPIs.

Reflect on the outcomes and test each hypothesis.

Following these steps it should be possible to investigate the effects of other technologies as
well. For instance the effect of RFID™ on inventory management can be considered.

Taking RFID as an example, one should see improvements at the deliverance of goods; less
verification mismatches can take place because human errors are eliminated. Automatic
scanning requires less time and personnel is required and the order issuing times can be
shortened as well. Furthermore the data from stored goods can be made more up-to-date using
this technology which should provide even more insight in slow moving and dead stocks. The
scrap percentage can theoretically be reduced as well, if the goods equipped with RFID give a
signal if they are about to expire. In theory with the use of RFID the inventory is able to become
more active, instead of the passive stocks right now. Of course this is only a theoretical example,
but it indicates what metrics can be used to see the improvements of RFID. Naturally more
research should be done on this, but this first indication above shows that the framework should
be capable of evaluating other technologies as well. Anyhow there are no indicators that are
strong enough to prove this statement otherwise.

In this research the framework is used to compare two organisations, but an opportunity for the
framework would be to analyse changes over time too. It is advisable to do performance

19 RFID: Radio frequency identification. RFID is “using short range radio technology to communicate digital
information between a stationary location (reader) and a movable object (tag)” (IEEE, 2007). RFID
technology can be used to “track products in a manner similar to using bar codes for product identification,
but RFID also carries additional benefits. RFID does not require line of sight to read the tag, has a longer
read range than bar code reader, and tags can store more data than bar codes” (IEEE, 2007).
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evaluation on a regularly basis in any case, but besides periodic monitoring the framework can
very well be used to compare ‘before and after’ situations within a single organisation to see
what changes a certain adjustment causes. Because the framework is then used within one
organisation a comparison is also easier, because differences in culture, size, personnel, etcetera
play a far less important role in that case. These external factors are much more influential when
a comparison is to be made between organisations instead.

PRACTICAL BUSINESS-USE

The above generalization opportunities are still quit theoretic, but because this research has
been written with the support of KPMG, it is interesting to describe what the practical use for
them might be. First of all, one of the things KPMG does is helping its clients to gain more insight
in their own business by extracting relevant information from the clients’ system (e.g. SAP or
Oracle) and generating (control) reports. The designed framework might offer KPMG a
structured way to measure the operational performances at a client. Additionally KPMG might
use the framework to implement it as a dashboard for operational monitoring of the inventory
management process at a client. Additionally the framework might be used during their
commercial activities. The TOP-10 of most important KPIs for instance might form an interesting
trigger for a client to allow the implementation of the full framework or a performance scan
which incorporates all KPIs from the framework. Using the TOP-10 list of most important KPIs it
can be shown to the client what the possibilities are and this might help to convince a client to
actually perform a full scan or allow the implementation of the full dashboard with all the KPIs
from the framework.

Furthermore, as indicated the framework might very well be applied to different industries and
therefore KPMG also might use or implement such a measurement framework at different
clients within different industries. The possible range of clients where the framework could
potentially be applied is therefore quit large. For the organisations that have reached a certain
maturity level towards the use and implementation of their ERP-software, this framework is
probably less interesting, because they mostly already have some kind of performance
measurement dashboard in place. However this framework could provide new insights to them
as well. The framework will especially help the organisations which are less mature and which
have less experience with ERP and performance measurement. Also to organisations which are
starting to implement ERP or are looking to gain more from their current system(s), this model
provides a structured approach about what to measure and how to measure it.

8.2 RESEARCH PROCESS

In this research besides the development of a framework, also an explorative attempt has been
made to evaluate the impact of ERP on the inventory process. This comparison should really be
seen as a first attempt to compare performances; a more thorough analysis is needed to make
the results more valid. In general no real deviations were seen between the both cases. It
seemed that the ERP-case performed just a little bit better, although it is very hard to say this
based on the limited information that was available: more quantitative measurements need to
be done instead of experts’ estimates for a more reliable validation of the conclusions.

FINDING CASE STUDIES

Finding comparable cases for the case studies also formed a difficulty. It turned out to be very
difficult to find two companies that are comparable (in product, goals, size, strategy, culture
etc.). Most large companies do already have some kind of ERP solution implemented (some use
older versions, but these are ERP as well). Smaller companies often work with separate software
packages and do not have ERP. However a large and a small company are very hard to compare
due to the differences in structure, culture and business focus (e.g. local vs. international). This in
itself already says something about the extent to which ERP is adopted and implemented in most
large companies. This does however not say anything about inventory management
improvements. Implementation was often done for financial reasons as Hospital A is currently
doing too. Mostly they extend their ERP to other areas later, therefore the wide spread adoption
of ERP in large companies is not immediately a good indicator for benefits in inventory
management as well. The health care industry finally solved the comparability issue.
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As mentioned shortly before, finding different cases that can be compared turned out to be
difficult because of the many different kinds of external factors that may influence the final
results. Finding cases that are equal enough to make a good comparison and getting them to
cooperate with the research process was difficult in this research. Regional hospitals however
were found that have more or less the same targets and goals and thus formed a reasonable
solution to this problem.

PLANNING

Overall the research progression seemed quite satisfying, but the total research time might even
have been shorter if suitable cases where found earlier in the process. This turned out to be
harder than was assumed beforehand and therefore this consumed more time than was actually
planned for upfront. Also the summer holidays made it harder to reach the right people, which
formed a cause of the delay as well. Meetings were planned on a regular basis, which formed a
convenient way of keeping track of the progress.

PERSONAL EXPERIENCE

It turned out that it is rather complex to compare organisations with each other. | experienced
that there might be a lot of disturbing factors which make a good comparison difficult. More
effort could have been made to acquire additional case studies in other industries also. However
due to time constraints this was only considered, but not performed in the end. | am still very
pleased with the number of KPIs that | was able to measure, considering that is very hard to get
organisations to cooperate and provide the required information (which seemed not always
available as well).

The interviews were a great experience for me as well and | got better at finding out the exact
information | wanted. It was interesting to experience how inventory management is performed
in different organisations and how software is used to support their activities. During this
research | learned a lot about inventory management and the different process steps taking
place. The field of inventory management was new to me and it was therefore remarkable to see
that the principles of inventory management can be understood quite easily, however some
details can become very complex very fast (forecasting models for instance).

My research complements existing literature by presenting something new and following an out
of the ordinary approach. My thesis has become quit theoretical; | could have elaborated more
on the practical use of my research | think. Also due to time constraints this was not investigated
very extensively and could be described in more detail. Altogether | enjoyed working on this
topic and research, and | am very proud of the final result.
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9 CONCLUSION AND FURTHER RESEARCH

This chapter will return to the research goal stated at the introduction of this report: Designing a
tool to assess Inventory Management’s Performance. Furthermore recommendations towards
future research are provided.

9.1 CONCLUSIONS

Conclusions concerning the framework and hypotheses that are tested in two case studies using
the framework are described respectively.

CONCERNING THE FRAMEWORK

The aim of this research was to develop a performance measurement tool for inventory
management. As a result a unique framework is developed which enables organisations to
measure their operational inventory management’s performance. The final framework is shown
in chapter six and (a larger version in) Appendix D. The framework consists of five business
process steps and attached to each process step KPIs that are useful to measure. The framework
provides a specific set of metrics, categorised along the whole process from beginning to the
end. This enables its users to see the coherence between the different aspects of inventory
management. The framework also enables performance measurement of inventory
management in a structured way, due to the pre-described set of metrics. The framework
presents a unique approach towards performance evaluation of inventory management, because
of the way the model is built up. The framework provides two main advantages over previous
measures or models.

First of all, contrary to existing literature the model provides a business process overview of
inventory management and the relevant metrics. The structure provided by the framework gives
organisations something to hold on to. With the model the inventory process can be evaluated
from beginning to the end. This way issues and causes of problems can be better investigated.
Uncertainties along the process, which form an important reason for keeping inventories, can be
investigated for instance using the structured approach presented in the framework.

Secondly, different actors are represented by the framework due to the span of the framework.
This is a good thing, as it makes sure that the accent is not on a single process or output only.
Cost drivers for instance are not the only KPIs to steer on and therefore it is useful to measure a
whole set of KPIs in order to trace and tackle problems and finally achieve an optimal result
which scores good on all goals and towards all parties. Along with the framework, also a first
attempt was made to test the benefits of ERP and the framework in practice. The results thereof
are discussed below.

CONCERNING THE HYPOTHESES

Along with the framework, a secondary goal of this research was to see how ERP tends to
improve the inventory management process. The analysis provided insight into the process
taking place at inventory management, which can be seen as a result of this research as well.
Figure 19 below shows the results of this analysis. The structured allocation of the potential
benefits provided by ERP within the inventory process steps created the hypotheses which were
accordingly tested using the framework. Case studies were performed to test the framework
with and see how it performs in practice when the framework is used to test hypotheses. Two
cases were selected with a different way of working. A situation in which an ERP application is
present and an environment where separate software applications are used were investigated.
From the case studies it can be concluded that the framework provides a useful tool to make
standardised comparisons between situations. The theoretical framework matches with practice
and it turned out that all metrics proved to be valuable and relevant.
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FIGURE 19 POTENTIAL ERP BENEFITS

Additionally the framework proved to be usable for verifying hypotheses towards the use of ERP
software. Due to the limited amount of data however the evidence that was found is not very
strong. Despite of the somewhat limited proof, the measurement in both cases, using the
framework, indicates that three hypotheses were not rejected, namely:

ERP improves forecasting
The forecasting performance of ERP showed better results compared to the non-ERP case study.
In the ERP situation also daily forecasts were done which increases the accuracy.

ERP supports better supplier contracting registration

It seemed acceptable that ERP helps to organise the supplier contracts. The hospital with ERP has
significantly less people working at the department which is an indication that operations are
better managed and are more streamlined. Also the negotiations with suppliers were centrally
registered in ERP, which creates the advantage that they have more oversight on all their
contracts. This is something which the non-ERP hospital did not have: it was unclear how many
contracts with suppliers they had.

ERP simplifies the three-way-match process

The so called ‘three-way-match’ between the purchase order, packing note and the invoice was
much more automated in the ERP case and did show nil faults. In the non-ERP case the
interviewees honestly indicated that still a lot of mismatches are seen between these three
documents and therefore a lot has to be corrected manually, which requires more personnel as
the resulting metrics from the framework also show. Although the metrics at the ERP-hospital do
only partly show improvements on this point the interviews pointed out that a lot of time (and
money) can be saved by automating this process: ERP enables this due to the tight integration of
different departments.

In general to both cases it was remarkable that only a few metrics are currently measured. As a
consequence, because the large number of metrics in the framework might seem a lot to
implement and measure all at once, a TOP-10 list of most important KPIs has been put together,
based on logistics experts’ judgments. The KPIs in the TOP-10 represent the most important
metrics and together form the quick-wins.
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WINDING UP

Overall it was not possible to validate all hypotheses due to a lack of data. However several
hypotheses were not rejected and the framework did provide a very good hold when comparing
situations. It is strongly recommended to measure at least the TOP-10 KPIs and if possible all the
metrics present in the framework to gain the best insight in inventory management processes.

Overall the framework provided a structured way to measure the performances in two cases and
made an orderly comparison of the results possible. As a final conclusion it can be put that the
strength of the developed model lies within the structured, holistic measurement approach
which the framework represents.

9.2 FURTHER RESEARCH

Based on the above statements, the opportunities and limitations described in the previous
chapter, it has become clear that there is still some room left for further research. First of all the
framework is only applied once in this research; more research to validate the framework and
find more evidence would create a more solid basis for the validation of the model.

Secondly research aimed at the applicability of the model in other industries would be very
useful. Although chapter eight already indicated that the model could very well be used in other
industries as well, this still needs to be validated in an additional research. Creating an overview
of the suitable industries where the designed framework can all be applied would be very useful
and make the framework even more valuable.

Thirdly the framework is currently only used to make a first attempt at finding the quantifiable
benefits of ERP; a more extensive research could extend the proof and make better validation of
all hypotheses possible. Currently only SAP was researched, but it would be interesting to take a
closer look at other ERP packages too. Also only hypotheses concerning possible benefits were
formulated; it would be interesting to investigate the possible disadvantages in a further
research as well.

Another interesting topic for further research would be to broaden the scope towards other
parties in the supply chain. As the introduction argument, the focus of this research is on
inventory management at a single organisation only: it might be very interesting to research the
applicability of this model if it would be applied to a supply chain. A possibility would be to have
a measurement framework in place at several actors in the supply chain, and see what happens
and how the different actors influence each other: a reflection of the activities should be seen in
the metrics of the different frameworks accordingly.

The designed framework currently only focuses on measuring operational performances. Further
research might be aimed at finding a method to aggregate the results and therewith create a
dashboard on a higher level: a strategic level. Aggregating the different results towards a single
score will however not be easy and will require extensive research. A way to achieve this might
be the ranking of each metric on the same scale and aggregate the scores accordingly, however
this does have several implications (e.g. when do you assign a low or a high score) and therefore
needs further investigation. The strategic dashboard might for example have only three stages:
red, green and orange, which immediately indicate the status. However if a certain indicator
turns red in that case, the underlying metrics are necessary to investigate the source of the
problem after all and one has to revert to the model presented in the research.

Finally it would be interesting to research external factors, especially the human factor in more
detail. This was left outside the scope of this research, but human experience can certainly
influence the measures of the model in a drastic way. Finding a way to standardize this influence
would make comparisons between organisations more reliable and provides even more insight.
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APPENDIX A. INTERVIEWS

The following table presents the interviews that were conducted with experts. For privacy
reasons, some names of the interviewees are kept private in Table 4: the interviewees are
mentioned by their function (function descriptions are mentioned in English and are displayed in
italic). All interviews were set up in a semi-structured way: basic questions or a model served as
basis for the meetings and there was additional room for in depth detailing and discussions.

Besides the meetings listed in Table 4, in between several other meetings (with supervisors) and
weekly discussion-sessions where held as well. These meetings are not listed however because
they where periodical and where more concerned with the progress and process of the research
instead of the contents.

Interviewee
Ramon Hoogewerf,
Manager*

Dennis van de Wiel,
Consultant*

Ben Leijdekkers,
Manager &
Maarten Veldman,
Consultant*
Maurice op ‘'t Veld,
Senior Manager

& Jochem van
Schooneveld,

ICT Manager
Ramon Hoogewerf,
Manager
Jacqueline Rutten,
Consultant

Stan Aldenhoven,
Senior Manager
Hoofd Inkoop,
Head of Purchase
Frederik Kooistra,
Consultant*
Teamleider Logistiek*,
Logistics Manager
Hoofd Inkoop*,
Head of Purchase

Teamleider Logistiek*,
Logistics Manager

Inkoper, Purchaser
& Logistiek Manager,
Logistics Manager*
Walther Ploos van
Amstel, Senior
Logistics Consultant

Organisation

KPMG, ITA
Den Haag

KPMG, ITA
Eindhoven

KPMG, ITA
Eindhoven

KPMG, ITA
Eindhoven &
Fabory

KPMG, ITA
Den Haag
KPMG, ITA
Den Haag
KPMG, ITA
Arnhem
Hospital A

KPMG, ITA
Den Haag
Hospital A

Hospital A

Hospital A

Hospital B

TNO
Mobiliteit en
Logistiek

TABLE 4 CONDUCTED INTERVIEWS

Date
07-04-2009

27-04-2009

13-05-2009

07-07-2009

08-07-2009

13-07-2009

14-07-2009

22-07-2009

22-07-2009

21-08-2009

02-09-2009

02-09-2009

03-09-2009

17-11-2009
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Time
16:00-16:45

14:00-16:00

14:00-16:30

15:00-15:30

15:00-15:45

10:00-11:00

14:00-14:30

13:45-14:30

14:30-15:00

10:00-11:00

08:30-09:30

09:30-10:30

12:45-15:00

13:00-15:00

Subject

Brainstorm about demarcation of
subject: inventory management.
Inventory management in
general: inventory processes,
performance measurement and
supply chain optimization scans.
Performance measures & Case
study possibilities.

Conference call KPMG/Fabory:
case study orientation. Exploring
the possibilities to do a case
study at Fabory.

Framework (process) validation
check.
Framework validation check.

Health care sector / Case study
orientation discussion.
Case study orientation

Framework validation check

First interview with logistics
manager.

Interview with purchase
manager: discussed the purchase
process.

Discussed and assessed as many
KPIs as possible (viewed
available.

Discussed process steps and the
use and support of ERP at each
step.

Framework validation and
reflection on other models (from
literature and practice: e.g.
Staples).



* The interviews marked with an asterisk are entirely worked out: full interview-reports of these
meetings are available at request. To check for correctness the interview-reports were sent
afterwards to the interviewees for feedback. The interviewees were able to correct their answers
or provide any other advice concerning the interview-report as well. This was done to validate
the answers and make sure the provided information is reliable (data triangulation (Denzin,
1978)).

86 | INVENTORY MANAGEMENT



| APPENDIX B. ERP BENEFITS

Below, Figure 20 shows an enlarged overview of the inventory processes with the blue circles
indicating at which points in this process, ERP is able to offer potential benefits. Eleven potential

points of benefit are assigned. Also linkages with departments other than logistics are shown.
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| APPENDIX C. LISTING INVENTORY KPIS

Below and on the next pages a long-list of KPIs gathered from different sources of literature is

displayed

*sanss| 3uidiid 40 suolle|as JaWwo1snd ‘spood

Jopuan jo Axljenb ay1 yam swajqoud Ajiauapi Aew oneu sty
‘sumopsjiew

,$@9m auniny snid sajes |1e1aJ ,sya9am aininy Suisn Alojuaaul
919|dap 01 s}29M JO Jaquinu oyl syuasaidal uonendjed syl
sallljigeded uissadoud

elep s,Auedwod e Jo/pue sdiysuolie|al JopuaA ‘@duewJsopiad
Jopuan Sulpie3as sanss| 01 ulod Aew aunseaw siy] "Alojuanul
ysiua|das 01 a|qe s1a9|ie1al e APPInb moy saunseaw siy|

213 Aljiger|al

‘ulBJew ‘suuny aseasdul pinod ya1ym ‘Suisuised Jopusa

Joj saniunuoddo 03 1ulod Aew siopuaA jo uaquinu a8ie| y
'219 ‘@dueldadde asipuayainw

Jawo31snd ‘yAlljenb Jopuan Suilen|eaa ul sisisse siyl
‘sanl|iqeded

Buissacoud 1ep s,Auedwod ay3 4o sdiysuolie|a Jopusa
‘@ouewsopiad Jopuan o1 Sunie|al sanssi 01 julod Aew onea sy
‘swia|qoJd Jopuan Jo suonesado sa13si8o|

10 (Juawysiua|dau) SulAng ‘@41uad uonnquisip s,Auedwod

ay3 1e suoiisod Alojuanul yum swajqoud saljiauapl oned siyjg
‘poddns s2135180| Jo Aduadiyye

||eJ9A0 BY3 saunseaw siy] ‘saiuedwod 1onpouad Jawnsuod

pue si9|1e1aJ )201s woJy y21d, 10} ainseaw uenodwi AJsA s syl
‘sanljiqeded

Buissaosoud 1ep s,Auedwod ay1 o sdiysuolle|as JOpuan
‘@ouewlioiad Jopuan 01 Sunie|al sanss| o1 ulod Aew oneu siyg
‘s8u18e Alojusaul Sunnesoualap

pue s|aA3| AlojuaAU| $S90X3 01 spulod Os|e d1IBW SIYyL
<sioyine Aq paijnads jou>

<sioyine Aq paijnads jou>

<sioyine Aq paijnads jou>

uonduasag

$3|BS SS0UD / suJn1al SSoIH

<sdails ¢ ‘uoiie|nojed>

24015 JO
2a 2yl 18 PaAI9IaJ S| BSIpUaYdIaW Y3 |13un JapJo Sude|d wody sAep jo JaquinN

JeaA 1se| 3yl UIYIIM Spew uaaq aAey saseyaind
J1 9A110e paJapisuod Aj|eaidA] S| JOPUBA Y "SIOPUSA SAI10E JO J3quUNU |10} 3y |

SIOPUBA WOJ4 PAAIDIAL AIOJUDAUL JO (JUNOWE 0JNB) SWY
/ SI0pUaA 03 pauln}al AJIOJUSAUL JO (JUNOWE 0IND) SW}
pPaAI223l S19pJ0 3seydind JO SN|eA JB||Op |BNUUE |B}0}

/ 19pJ4apJo se panladal spuawdiys Jo an|eA Jej|op [enuuy

2Q @Y1 wouy paddiys s1apJo Jo yaquinu
/ pP243apJo se pa||1} SIUN [[e Yy3IM DQ 2yl wouy paddiys s1apJo Jo Jaquinu

2d Y3 1e p|ay (3500 1e) Alojuanul a8esane
/2a @y1 Ag pa1nquisip AloluaAul JO 350D |enuue

pPaAI923J SI9pJ0 aseydund JO aNn|eA Je|[op [eNUUE [B10)
/s@1ep anp uapJio aseyound UIYIIM PaAIadaL syuawdiys JO anjeA Jej|jop |enuuy

9oeds 8ul||as Jo 193} aienbs jJo Jaquwinu |e10] / |1e1ad 18 AloluaAul 98eliane
|1e12J 18 AJojuaAU| 98eiane/SD|eS 19N

G9E«(4@A0uUIN] AlojuaAul/T)
1502 1e ‘Alojuanul o8elane [e101 / (s)asnoyasem ay) ul Alojuanul a8esany

9inseaw 0} MOH

suJniaJl Jswolsn)

Alddns jo syaa

aw 99Ad uapJo Juawysiua|day

SIOPU3A JO JaquInN

98ejuadiad JopuaA 01 uinlay

98ejuaouad Asanl|ap Jo Adeandoe Alopusp

21ed |13 19pI0

Janouin] AJO1UdAU| D4UDD) uoninquisia

AJBAI|9P W UO JOPUBA

1004 asenbs uad Alojuanul aSesany

Janouuny Aiojuanuj

puey uo Aiojuaaul jo sAeqg
98ejuaduad asnoyaldem ul Aiojuaiu|

(6002) s4apap1a] '3 uewp|aA :324n0s
N

9INSe9Al

€T

4

T

ot

€
4
T

88 | INVENTORY MANAGEMENT



‘an|eA pjoysalyioiyads

e Su1pa2dxa Jo Alljigeqoud ay3 ul Ajuo pailsasaiul sIJusawaSeuew
‘(111) oUW Yam sy “Ae|ap 1eY] JO 9Z1S 9yl S2UNSe W (A) d3aw
‘Aejop awos saljdwi %00T ueyl ssaj ((1) @9s) ales ejeyl ajoN
<sJoyine Aq paijnads jou>

<sioyine Aq paiypads jous

‘(pazijeas aq 1ouued Aep paisanbal syl 1eys - 1opao d14103ds

e Suluue|d uodn - uan02sip Aew ualjddns ayy) ua1jddns ayi pue
12Wo01sN2 9yl usamiaq paasde Aep ayl ueyy Ja1e| ou paanl|ap

‘s11eyy {,pairello8au se, pasanl|ap siapJo jo asejusniad syl
12wo03snd oYy Aq paisanbau Aep Asaaljap ayy ueys
193}E| OU ‘S| 1By} {,2WI1} UO, PaIdAI|3p SIapJo Jo 28ejuadiad ayy

UO110B)SI1BS JOWO0ISND SJ0W 314D SaW I} 9suodsal 12119g
ssa204d a|oym 3y} puny 03 papaau si [eyided
SuIjJoM 210W dY3 “49pPJI0 d14109ds e anss| 03 saxel 11 Ja8uo| Ay

919]0sqO SIJ0 ||[aMm Sul||9s 10U S| AJOJUSAUI 1BY) UOIIBdIpUl

ue aq Aew siyi ‘sajes ueyi 1a1se) yonw 3uimods si Alojuanul

31 "Yymmou8 sajes Joadiw |[Im yimous Alojuanul ‘Ajjesausn
*aseauoul Aj|esauas a|qeAladad sJunodde pue AJojuaAul

‘aseaJdul saes sy ‘poliad snoinaid syl J9A0 S3|eS Ul 9sealdu|
‘uBWOP S|BS 199W 0] S|9A3| AJoJuanul a1enbapeul a1edipul Aew
931eJ4 J9A0UIN] [BWIOU UBY) J9YSIY Y "219 ‘S9|eS JO SO1BWI1SAIIN0
‘S91403UBAU| BUIAOW MO|S 1O 913|0SCO ‘SUIXD01S49A0

‘A10jUDAU| POIRISIDAO D1BD1IPUI ABW 3)BJ JBAOUIN] MO| Y

|eaided SuJoM Ul JUBWISDAUI

paJtinbaa ayi ua8ie| ay3 ‘9|2Ad apedl 1au ayrdaysiy syl

Apinbi| sasealdsp poad uoisiaAuod

198U0] v "ysed 0} paLIaAUO0D 9q 01 AI01UBAUI J0) SB¥e) 1l sAeq
(2n0Qe 1aA0uIN) AO1UDAUL

Uo uUOoISSNISIp 93s) puey uo s| Aulojuanul sAep Jo yaquinu a8esany
‘Alipinbi) uo 198))9 aAnisod e sey yaiym

‘Aojuaaul a|pi1 spjoy Auedwod e awl ay) Jai0ys ay) ‘olles ayl
Jaysiy ay] ‘1usawadeuew Atojuanul s,Auedwod ayi Jo Aduaiyys
ay3 Jo J0o1edipul ue aq os|e Aew 1| ‘pinbl| aiow s| AJojuaAul By}
1eys saljdwi yanouiny aaysiy e {Asojuaaul jo Alipinbi| ayiinoqge
uollewsojul sapinoad siyj * suinl AJoOJuaAul SBW JO JaquINN

uondudsag

Aep Auani|ap pawuijuod - Aep AlaAl|ap |enOY

<sJoyine Aq paijnads jou>
<sioyine Aq paiynads jous>
<sioyine Aq paijnads jous

SJ9PJO0 JO JaqUWINU [B10] / BWI] UO PAIBAIIBP SIBPIO

<sioyine Aq paijnads jou>
91ep Juawade|d J9pJo - 31BpP 1UBW||14|N} I9PIO
<sioyine Aq paiyoads jous

Asojuanui Sutuuidaq / (Aojusaul uidaq - Alojuaau| pua)

sa|es eaAiond / (sajesseaA sonud - sajes seaA Juauund)

Sa140jUdAU| 28eJdAe / S9les 19N

Suipueisino
sa|qeAed sAep - poliad UOI193]|0D S3|qBAISI3] SJUNOJJE + AIOJUBAUL [|3s 01 sAeq
polad uoi193||02 3|qeAISIBI SJUNOIIE + AIOJUDAUL ||9S 01 SABP JO JaquinN

Janouuny AJojuanu|/s9g

Alojuanui a8esane / p|os spoog 4O 150D

<*"*panu1luod> (600¢) S43)X2pP[1a] B UBWP|IA :924n0S

9inseaw 0} MOH

Aejaq

32015
Ae|ap asuodsay
el |1} pawjuod

el |

(€002) snws 13 uaufiz)y :334n0s

spaads Aianl|eqg
saw13 asuodsal JawolIsn)
sawl} 9)9Ad UapIO

(£007) "Ie 13 SH21IpusH :324n0Ss

Yimous Aiojuanui

yimous sajes

S91101UdAU| 0} S3|es

9[0Ad spesr1aN
pouad uoisianuo)
Aiojuanul ||9s 01 sAep jo uaquinN

Janouiny AJojuanu|

9INSe9Al

8¢

x4
9¢
S¢

144

€¢
[44
T1cC

oc

61

8T

LT
9T
ST

i

“IN

89 | INVENTORY MANAGEMENT



<sioyine Aq paijpads jou>
<sioyine Aq paijpads jou>
<sioyine Aq palynads jous
<sioyine Aq paijpads jou>

<sioyine Aq paljpads jous
(A4oludAul 911S-UO WOUY) J|9YS-aY3-440

A|31BIpaWWI P31YSIIES S| YDIYM pUuBLISp JoW0IsSNd Jo afejusdiad

<sioyine Aq paijpnads jou>
<sioyine Aq paijpads jous
<sioyine Aq paijpads jou>
<sioyine Aq paiypads jou>
<sioyine Aq paijpnads jou>
<sioyine Aq paijpads jous

9|qissod se sjuiod

ejep Auew se Suisn paulwIa1dpP 3¢ 01 SPIIU 31I0JUDAUI SFeIDAY

<sioyine Aq paijpnads jou>

<sioyine Aq paijpads jou>
<sioyine Aq paiypads jou>
<sioyine Aq palynads jous
<sioyine Aq paijpads jou>
<sioyine Aq paijpads jou>
<sioyine Aq paiypads jou>
<sioyine Aq paiynads jous
<sioyine Aq paijpads jou>
<sioyine Aq paijpads jou>
<sioyine Aq paiypads jou>
<sioyine Aq palynads jous
<sioyine Aq paijnads jou>

<sioyine Aq paiypads jou>
<sioyine Aq palypads jous
<sioyine Aq paijpads jou>
<sioyine Aq paijpads jou>
<sioyine Aq paiypads jou>

uonduasag

<Joyine Aq paijnads jou>
<Joyine Aqg paijads jou>
<Joyine Aq paiyads jous>
<Joyine Aq palypads jous>

<sioyine Aq paijnads jou>
<sioyine Aq paijnads jou>

<sJoyine Aq paijnads jou>
<sioyine Aq paijnads jou>
<sioyine Aq paijnads jou>
<sioyine Aq paiynads jou>
<sJoyine Aq paijnads jou>
<sioyine Aq paijnads jou>

pouad awil ayl Sunp 1500 panjea AJojuanul a8esane

/ pouad awi e ulINp pjos spoos Jo 150D
<sJoyine Aq paijnads jou>

(leueuy)
(jepueuly-uou)
(jepueuly-uou)

(lepueuy)

(lepueulj-uou/jepueuly)
(jepueuly-uou)
(jepueuly-uou)
(jeueuly-uou)
(jepueuly-uou)
(jepueuly-uou)
(jepueuly-uou)
(lepueuly-uou)

<sioyine Aq paijnads jou>
<sioyine Aq paijnads jous>
<sioyine Aq paijnads jou>
<sioyine Aq paijnads jou>
<sioyine Aq paijnads jou>

ainseaw 0} MOH

anjeAasajes 31| % 09
Saul|JapJo sajes 21| % 65
swall .| % 85
S9UAAIIBP 91ke| % LS
aoubwofiad Aianjag 9g

(9002) 2SS ‘(€00¢) 312punyy :334n0S
A1anljap swnn-uo S5
aled |4 ¥S

9[pAd Auanljap 0149pI0 €S

s}sod Joqge| Suisnoyalepy 2§

3500 SulAuied Asoquanu| g
Ajddns sAep Aiojuaau| Qg

suin} AJojuanu| 6t

90U2053|0SqO AIOJUDAU| 8

suin} AJOJUDAU| S|elddleW MeY /[t

S|9A9| AJOJUSAUI S|eLIleW MBY  OF
(£007) °|e 32 1392Me4 :324n0S

3500 SulAuied Asojuanu| Gy

Asaniap jo Aduanbauy i

Swil 9]pAd JapJo aseyaund jo Adusiy3 €

(12A3] 32015 Sulwodul) AlojuaAul [elol b

Aungerjasaanipa Ty

swi} 9]pAd Jspio aseyaind  OF

sanbiuyoa)l Suiisedsuoy jo Adeuny g€

2ouewoupad Alanlleq  8€

awi pea| Alaniea LE

SSII9AI|9P 934} 10949p SJal|ddns jo [9A97  9¢

awn peajsanddns  gg

swi pes|tspi0  vE
(T0072) "Ie 1@ uese)aseuny :321nos

swl asuodsay €¢

150D 90JNOS3AJ UBWINH  ZE

S9OJUdAU| TE

uBW|14|N4 J9PIO PBHAd  OE

9ouewdsopad AlsAlep swn-uQ  6¢
(S002) °|e 12 yaneuy :@2unos

9JnSe9dAl AN

90 | INVENTORY MANAGEMENT



<sioyine Aq paijpads jou>

<sJoyine Aq paijpads jou>
<sioyine Aq paiyads jous

<Joyine Aqg paiynads jou>

<Joyine Aq paijpads jou>
<Joyine Aq paijoads jou>

Spoos pjosun o 150D

6

1500 92U3353]0SqO 16

an|en}asse/an|ena sajes

06

sUINy 13ssy 68

Addns fo sAbp Ai0juanu| 88

<sioyine Aq paijnads jous <Joyine Aq paiypads jou> shkepu| /8
awi} 3242 Ysp2-03-ysn) 98

<sioyine Aq paijpads jou> <Joyine Aq paijnads jou> 1502 10npoud jo adejuadiad U0 |B101SY S8
1502 BbuIssaso.ad suiniad Jo s3S02 AJUDLIDAA H8

<sJoyine Aq paijnads jou> <Joyine Aq paijpads jou> $1502 21351807 €8
<sioyine Aq paiypads jou> <Joyine Aq paiynads jou> $1500 AJOJUdAU| 28
<sioyine Aq paiyads jous <Joyine Aq paijoads jou> S1S02 UOIPNpPOId I8
(S902) pjos spoob fo 150D 08

<sioyine Aq paiynads jous <Jdoyine Aq paiynads jou> 1502 uleyd Ajddns ||esano jo a8ejuanuad sy 6L
1502 Juawabpupw uibyd Alddns g/

<sioyine Aq paijpads jou> <Joyine Aq paijnads jou> Xlw 1pnpoud pue  //

awn|oA ul sa8ueyd d14109ds 01 aw] asuodsay
awiy asuodsau uibyd Alddns 9/

<sioyine Aq paiypads jou> <Joyine Aq paiy0ads jou> uondadas gz
J91je sAep u 210j2q paJaAI|ap SI9PJ0 JO %
<sioyine Aq paiynads jous <Jdoyine Aq paijoads jou> Aaniep wL

pue uoi3dadal JapI0 UBIMID] dW I} 25BNy
awinpoaj puawIfinf 12pio €L

<sioyine Aq paijpads jou> <Joyine Aq paijnads jou> sauly  zL
<sioyine Aq paijpads jou> <Joyine Aq paijnads jou> an|jeA sales paJaAllep Ajppapuad % TL
<sioyine Aq paijpads jou> <Joyine Aq paijnads jou> saul|JapJo pasanlap Ajppapad % oL
<sioyine Aq paiypads jou> <Joyine Aq paijnads jou> swall paJaAnlep Ajpoapued % 69
<sioyine Aq paiypads jou> <Joyine Aq paiynads jou> SalaAlIBp P3Mad % g9

<sioyine Aq paiynads jous
<sioyine Aq paiynads jous
<sioyine Aq paiynads jous
<sioyine Aq paijpads jous
<sioyine Aq paijpads jou>

uondudsag

(s2ads 031 buipi0220 pup ‘933(dwod ‘awil uo) Juawyfiinf 13pJ0 3123fi1ad £9

<Joyine Aq paijoads jou>
<Jdoyine Aq paijnads jou>
<Joyine Aq paiynads jou>
<Joyine Aq paijnads jou>
<Joyine Aq paijnads jou>

a9inseaw 0} MOH

ainsean

sauly 99

anjeAsajes 919|dwodul % g9
saul|JapJo sajes 32|dwodul 9% 9
swa}l 219|dwodul % €9
sauaAllap a19|dwodul % 29

23104 [jI T9

<"*"panuiluod> (9002) ISS ‘(€002) Mdpunpy :@24n0S
“IN

91 | INVENTORY MANAGEMENT



| APPENDIX D. FRAMEWORK

This appendix presents the final inventory management performance measurement-framework,
together with a description and detailed explanation of each KPI.

FINAL FRAMEWORK
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FRAMEWORK DESCRIPTION

The framework uses the inventory process-steps as a basis, which is depicted by the orange
blocks showed at the bottom. A long-list of metrics was composed using literature (see Appendix
B). From this long-list of metrics the most important PPls were selected and related to a specific
process-step. This formed the conceptual framework. Additionally this conceptual framework
was presented to three experts and discussed with them. Their input was used to construct the
final model as presented above.

The framework consists of several ‘layers’. The square at the top represents the main target:
“optimal inventory management”. This target can be divided into two separate targets which
contribute to the main target: namely a good service provision against acceptable costs.
Accordingly each process step has a focus on one of these targets, and occasionally on both of
these targets. Each process-step has one KPI which should indicate on a scale from one to five
how well this part of the process is performing. The names used here are just to identify these
KPIs. One layer deeper the PPIs can be found on which the KPI is based. Finally the lowest level
represents all individual process steps. Next each process step will be discussed briefly and the
most important PPIs to each process will be described as well. Also an explanation will be given
on which targets the focus will is and why.

Forecasting

A forecast is typically done to make sure that (also) in the future goods are ordered on time and
stocks are not being depleted because eventually that will cause items to be out-of-stock. The
accuracy which can only be evaluated afterwards is an important PPI for the forecasting process,
because this is a direct indicator of how well the forecasts matched with the actual demand. It is
important make accurate forecasts in order to keep the costs in control (i.e. not keeping too
much stock) and maintaining a good service level (i.e. having the required issues in stock).

The forecasting interval is another interesting PPI, because issues with out-of-stocks may already
be caused in the beginning of the process due to bad forecasting. If forecasts are only done once
a year the uncertainties usually become bigger over time (i.e. not for goods that have a very
constant demand) and there is a great risk that there will be too many or too less stock in the
end of the year. A too short forecasting interval is however also bad, because trends can hardly
be detected in that case, due to the short time horizon. Forecasting intervals should thus lie
somewhere in between: each month is mostly fine to detect trends and also not to make
predictions too often.

Purchase

At the purchase process both cost control and maintaining a good service level are important
goals. Good price/quality ratios, within budget and in appropriate proportions are important
metrics for purchase. Orders need to be place on time for example, because it takes some time
before goods are delivered. Furthermore a purchase department often uses budgeting. Budgets
are very important: this is usually the metric on which purchases are finally being evaluated.
Order lead times, order cycle times and the frequency of delivery can influence the succeeding
processes if the performance on these PPIs is low and they are therefore interesting to measure
as well. Finally the number of supplier-contracts is an interesting measure of the complexity the
purchase department has to deal with; maintaining more different contracts makes it more
difficult to maintain all contacts. With many different supplier-contracts is more difficult to
negotiate good prices, because the order quantities at each supplier are insignificant to create a
strong negotiation position. Too few suppliers however could however make an organisation
very depended on the suppliers and that is therefore also not desired.

Goods receipt

The goods receipt process is most concerned with the delivered goods being in order and
therefore the focus at this process step, as displayed in the model, is at service level. The main
goal is to check incoming orders and only let the correct ones pass this process: all irregularities
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should be noticed. For this reasons some important PPls to mention are quality and quantity
(incomplete) order rejections, the number of return orders and the number of approved orders.

Storage

At the point where goods are actually stored, the focus is usually mainly on costs. Only in cases
where goods can go bad or have an expiry date the focus is on service level as well (in terms of
quality). With fresh fruits or medications for example this might be the case. The scrap
percentage is the only metric which provides insight in possible bad management of expiry-good.

The total stock value, average inventory, number of days inventory, safety stock usage and
overstocking are all metrics to monitor the efficiency of the storage. Typically the total stock
value should not become too big, because that also requires a large investment which is not
desired. The average inventory therefore should be reasonable as well, without any stock outs.
In principle every stock out is a bad thing, unless the priorities are low and suppliers are able to
replenish these goods within a reasonable amount of time. Stock outs are not desired, but
conversely the use of the safety stock every now and then is a good thing, because that is where
the safety stock is for. If the safety stock is never used for example, this may point to
overstocking: meaning that there is constantly too much stock available.

One of the most important metrics during the storage process is the inventory turnover. The
turnover provides information about the liquidity of inventory; a higher turnover implies that the
inventory is more liquid. It may also be an indicator of the efficiency of the company's inventory
management. The higher the ratio, the shorter the time a company holds idle inventory, which
has a positive effect on liquidity.

Goods issue

The goods issue process is mainly concerned with offering a good service to the succeeding
processes (e.g. operations, production or distribution). Therefore important metrics are the
number of goods issued on time or too late: these metrics are good indicators of the deliverance
performance. The order fill rate is an important metric related to the on time deliveries, because
although an order might be on time, it is not always obvious that this order is fulfilled for 100%.
An order might be issued two days before the negotiated date for example, but only half the
number of required goods could be delivered: the order is then delivered on time, but the order
fill rate is only 50%.

Order issue times are an indicator for the time it takes to issue a required good; shorter times
are better because the operations following upon the issued goods can then start earlier or do
not have to wait. Finally the number of rush orders are an interesting metric, because this might
form an indicator that the (ordering) processes are not running well (e.g. bad communication) or
that ‘normal’ inventory management is constantly being disturbed by last minute orders coming
in.
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FRAMEWORK METRICS IN DETAIL

The following table shows a detailed description of each PPl used in the framework: for every PPI

it is defined how this metric should be measured:
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logic
were

present in literature and are therefore
not altered, but just used as presented

in literature.

experiences and

The KPIs in the above table were found
in literature (selected from the long-list
on

measurement-definitions are defined

therefore most of the descriptions and
based

op KPIs). Unfortunately not all KPIs had
a clear description in literature and

reasoning. Some descriptions
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APPENDIX E. CASES

Below respectively the business processes from Hospital A and Hospital B are display for comparison. An
explanation of the shapes and colours is provided at the next page.

Hospital A:

Division’s
demand

non-ERP

Return goods

MRP e Do~ Buihe Bsing
- d - DD
parameters -y S S ixx 2
Forecasting/planning Purchase
Forecasting Purchase
A\ (.
[ G - PCICICD COICOICTD eng Ord
» atee- - - - -3 el rder
VE — 3 > > > <+ < o fullfillment
Goods Issue
Storage Goods issue
Hospital B: with ERP
P SIS S
ood - e
— - A"
r N\ N\ N\

Division’s
demand

MRP
parameters

00

TR
et | Quarantine |t

R E

Forecasting/planning Purchase
Forecasting Purchase
J U
—— -
- > PECICOIC PEDPCOCD Order
- = < P <+ s < fullfill
Juagtityy. - - PEDEDED ullfillment

Storage

Goods Issue

Goods issue

FIGURE 22 BUSINESS PROCESSES HOSPITAL A & B (LARGE, COMBINED OVERVIEW)
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LEGEND

In general: shapes which have a blue colour represent automatic information or processes,
whiles red indicates a manual action.

The oval shapes represent in- / outputs. The oval shapes have different colours also:
e Red ovals are manual in-/outputs.
e Blue ovals are automatically generated or processes in-/outputs

e Dark blue ovals are undefined in this picture and can be both manual and automatic: this is
however not relevant for the main process and therefore coloured dark blue to indicate this.

The yellow rectangle represents an optional process step. Basically only quarantine satisfies this
status. Also dotted lines indicate this optional character.

The white rectangular shapes represent the five main process steps; within each of these process
steps several smaller processes can be identified.
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APPENDIX F. WEIGHTS BY EXPERTS

Below the KPIs from the framework, together with the assigned weights (of importance) from
the three experts is displayed:

TABLE 5 KPIs WEIGHTED BY EXPERTS

W1 w2 w3’ Average Weight Top-10‘

Measure Unit
General characteristics

1 Total trade value €/yr

2 Inventory Value %

3 Labour fte

4 Labour percentage %

5 Number of different items in stock #

6 Number of storage locations #

Fore casting 100%: 100%:

7 Forecasting accuracy

8 Forecasting interval

Purchase 100%:

9 Order lead time days 40%| 66%| 30% 45% X
10 Order cycle time days 7%| 13%| 15% 12%
11 Frequency of delivery #/wk 6% 7%| 15% 9%
12 Number of vendor-contracts # 7% 7%| 15% 10%
13 Budget overruns %/yr 40% 7%| 25% 24%

Goods receipt 100%: 100%: 100%:

14 Vendor on time deliveries % 45%| 67%| 40% 51%
15 Vendor too late deliveries % 33%| 11%| 30% 25%
16 Verification mismatches % 22%| 22%| 30% 25%
Quality check 100%: 100%: 100%:

17 Quality rejections %/yr 33%| 25%| 40% 33% X
18 Incomplete order rejections %/yr 17%| 33%| 15% 22%
19 Return orders % 33%| 34%| 30% 32% X
20 Approved orders % 17% 8%| 15% 13%
Storage 100%: 100%: 100%:

21 Total stock value € 13%| 17%| 15% 15%
22 Average inventory # 4% 4%| 10% 6%
23 Inventory turnover #of turns 20%| 17%| 15% 17%
24 Number of days inventory days 17%| 16%| 10% 14%
25 Stockouts #/yr 17%| 16%| 15% 16%
26 Safety stock usage #/yr 8% 4%| 10% 7%
27 Overstocking y/n 8%| 13%| 15% 12%
28 Scrap percentage % 13%| 13%| 10% 12%
Goods Issue 100%: 100%: 100%:

29 Order issue time days 7% 6% 10% 8%
30 Goods issued on time % 20%| 27%| 25% 24%
31 Goods issued too late % 7% 7%| 20% 11%
32 Order fill rate % 33%| 33%| 30% 32%
33 Rush orders % 33%| 27%| 15% 25%
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GLOSSARY

General Abbreviations

BI Business Intelligence

BSC Balanced Scorecard

CFF Critical Failure Factor

CRM Customer Relationship Management

CSF Critical Success Factor

EDI Electronic Data Interchange

ERP Enterprise Resource Planning

ERP I Successor to ERP

e-ERP Extended Enterprise Resource Planning (successor to ERP)

ES Enterprise Systems

FIFO First in — First Out

fte Fulltime-equivalent

HR Human Resources

JT Just In Time

KPI Key Performance Indicator

KOOP Klantorderontkoppelpunt (in English: Decoupling point or Push/Pull-boundary)

MRP Material Requirements Planning

MRP || Manufacturing Resources Planning (successor to MRP)

NPV Net present value

RFID Radio Frequency ldentification

ROI Return on Investment

SAP SAP AG is a German company; SAP is the German abbreviation for ‘Systeme,
Anwendungen, Produkte in der Datenverarbeitung’

SCC Supply Chain Council

SCOR Supply-Chain Operations Reference(-model)

SCM Supply Chain Management

SRM Supplier Relationship Management

SAP R3 Module Abbreviations

ASM Asset Management

co Controlling

FI Financial Accounting

HR Human Resources

IS Industry Solutions

MM Materials Management
PP Production Planning

PM Plant Maintenance

PS Project Systems

QM Quality Management

SD Sales and Distribution
SRM Supplier Relationship Management
WEF WorkFlow

WMT Warehouse Management
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