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PREFACE

This report is the result of the last challenge of muaster studies at Delft University of
Technology, entitled Systems Engineering, Policy Analysis and Management (SEPAM) at the
Faculty of Technology, Policy and Managements Téport forms the graduation thesthereof.

The research described in this report was conducted from April 2009 until November 2009.
Based on my research a scientific papeasalsobeenwritten. My research was supported by
KPMG IT Advisory; | realippreciate 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 ofthis research is inventory managememind in particular the performance
measurement thereof. This report also made a first attempt to see what influenceiskeof
Enterprise Resource Planning (ERP) softlwaseon inventoractivities

| worked on this poject with great pleaste. | am personally very proud dfe 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, theEnterprise System(ES)industry has proven to be an enormous
growth marke. The broad adoption and enormous attention from the business world in ES is
considered the most important development in the corporate use of information netdgy
during the 1990s. The ES market has become signifiddra 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 softwaai@appikERP
software packages airo integrate and supporfis many informatiorflows inorganisationsas
possible ERP typically integrates business processes with information technoldgi®iBis
strongly related to Business Intelligence (Bl),quse thegathering and centralesd storage of

data in order to create more business insight is a key characteristic of Bl. Furthermore, most of
the reporting thatis done within ERP concerns Bécause ERP covers a wide range of domains,

it is chosen to focuson one specific domain: inventory management in this ca3de
expectations of ERP are generally quite high. Osganihe internal logistics usingRP software

is aimed at the improvement oprocesses andreatesgreater performancesHowever 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 availablany large
companies implemented ERRckagesThe Bl tools available in ERhich should provide insight

into the improvementsare not always used optimaWith the proper use of Bl tools a lot more

can be gainedrom the implementedERPsystems.Currently the descriptions in literature on

how to measure performance are geneyalbo 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 effectiv®8Hool, applicable for measuring the performance of inventory
management and hich provides a good insight into the operational coherence of different
FIOG2NARYX R2S& y2G aSSYy (2 06S F@LAt+FotS Ay G2RIF@&C

Due to the absence ofreinventory 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.

GOAL

A good performance measurement tosl needed toprovide a structured way to gain insight in
AY @Sy i2NE Yousihesd BoceSsas @aenitoring relevant metricsSuch a toowould
alsocomplement existing Business Intelligence literatiere liesghe challenge of this research
and therefore the corresponding research goal was formulated as fallows

The research goal is to design a toolfor asseséng inventory
managemenf @gerformance

Besides the goattated above this research also entaeill a first attempt to actually find
guantitative proof for the possible improvemenggeldedby ERP.

RESEARCH STEPS

To achievethe above goal, several research activities were performed subsequéitst the
theoretical background was investigated and describessed on literature Within ERP,
information is kept from an entirerganisation using business intelligence tooldgtinformation
can be used to create advantageous insights in the operations afrganisation Due to the
centralieed storage of data from all departments within arganisation an inegrated, reatime
and centralied environment is created which makésster, more accurate and more extensive
business (intelligencehonitoringpossible. Here lies thgotential strength of ERFERPmight be
used to actively monitor inventories in order to make sure that the costs of keeping inventories
do not become tochigh and the offered service levels are not becoming too low eitfikese
two objectives form thawo main goals of optimal inventory management. Thain reasonfor
keeping inventories is uncertainty: stocks create a buffer to cope with thatn Aventory

X1 INVENTORWMANAGEMENT



management performance measurement tool could offer more insigttt the source of these
uncertainties and helps to improve this process. Furthermore performance measurement makes
benchmarkng between situationsand before and after changgsossible.

The theoretical background was followed by an analygisdesign gerformance measurement
tool, first a good analysis of the current situation atie information-need is necessary. The
analysis focused on the mappindg the typical business pcess steps taking place within
inventory managementThe following five main processesre found:

MRP-parameters Distribut
+0rders Forecasting Purchase Goods receipt Storage Goods issue stribute

Each process step was described in detail: within some of these steps, several activities took
place againNext thepotential benefits providd 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, abed to a specific process step:

Link with Quality Management,
Link with Sales Link with Finance

Link with Finance,
Link with Purchase

11.Less
faults due to
master data

5.Three-
way-match

Goods receipt

2.Vendor 3.Assign Y Y
1.MRP contracting approved A Quarantaine t-;

(Improved registration suppliers
planning)

Forecasting /
Panning

MRP-parameters
+Orders

Quality Check

- J

l Goods receipt Rl

4. 6.Supplier
Advanced reliability
budget monitoring
control E

Link with Finance Link with Purchase

8.Dead
7.Inventory S

turnover stock
Visibility’ visibility
S

9.Less waste
due to better

10.Better
handling

rush orders H
Goods Issue '

information

The structured allocation of the potential benefits provided by ERP within the inventory process
steps created hypothese$n total elevenpoints of optimization offered by ERP were found.
These benefits are actualpotential benefits because it still has to be proven that the identified
benefits are actually achieved in reality; therefore these eleyenential benefits formed
hypothees The hypotheses functi@d as a test for the final performance measurement
framework, because it shaswhow 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 applicatiomas therefore evaluated accordinglyisting
existing performance measuremetgchniquesresulted into the following techniques:

Key performance indicators

Balanced scorecard

Return oninvestment

Net present value

Critical success factors

SCOR

=A =4 =4 =4 -8 -4
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From the above technique&ey Performance Indicators (KPIs) are chosen as the most suitable
measure to use, because other measurement techniques basicalghatin this method as well

and with KPIs the designer can freely chose and categorize relevant metricsissgemn as a
advantage.This freedom makes this technique suitable to createown categorization which
suits the process steps identified earlier.

THEFRAMEWORK

To construct a measurement tool (a framework), fisstarge number oflifferent sources of
literature were consultedto acquire a large set of KRiglevantfor inventory managementThis
created alonglist of relevant KPIsNext a selection was made, based on duplication and most
popular KPls, but also based on interviewgth experts and the theoretical background
describedat the beginning Finally the selected KPIs were mapped on one of the five process
steps identified during the analysigt the top of the framework the two goals afptimal
inventory management are displayed@his is basally how the final inventory performance
measurement framework is constructet@ihe 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
Forecasting accuracy Supplier on time deliveries :ﬁ?;ss%bgﬁ:zrey Order issue time
Forecasting interval Supplier too late deliveries [ s Goods issued on time
Verification mismatches el T Goods i d too late
Order lead time Number of days inventory 0ods issued too late
KPlIs Order cycle time L Stockouts Order fill rate
Frequency of deliven Q\:ahty n(ejjecuqns ’ Safety stock usage Rush orders
mber of supplier-contradts IncompRee!Ieuror: oen;:]:mu"s Overstocking
Budget;verruns Approved orders Scap perrcentage I
;> Quarantine -
MRP-parameters Forecasting/ . .
: Purchase  dpr{ Goodsreceipt ality Check - Record Sock Move Goods Issue
P'a"n'"g ’ S
Forecasting Purchase Goods receipt Storage Goods issue
\ J J \ J

General KPIs

Total trade value Labour Number of different items in stock
Inventory value Labour Percentage Number of storage locations

INVENTORYPERFORMANCII EASUREMENFRAMEWORK

To validate the designed framework, case studvese performed at tvo hospitals with different
environments. A ERP and a neBRP environment were chosen @asses toput the developed
framework to the test withthe hypothesesformulated during the analysis. This should create
insight in the applicability of the framework arateating more insight in the impacts of ERP
indirectly as wellNext to the case studies, three experts reflected on the KPIs used in the model
and indicged for each metric how importanit is to measure a specific KPI. This evaluatias
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, -40T@iRMost
interesting KPIs to measure was constructed.

From the case studies it was concluded thatias not possible to validate dilypothesesdue to
a lack of dataLooking at the metricdt seemed thatthe hospital with ERP howeveerformed
slightly better. Three (out of the elevenhypotheseswvere not rejected

1 The forecasting accurasgemed to beémproved with ERP

1 With ERRhere is better support for theegistrationsuppliercontracts.

1 ERRsimplifies the threeway-matchprocess

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 ndbRP cases. These advantages are tefleéa 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 managedlrhe hospital with ERP was already in an advarstageof arranging and
automating their processes and therefore onlyesvfrecommendations were made to them. The
most recommendations were reserved to the hospital without ERP: there was still room for
several improvements.

It wasalsoremarkable that both hospitalsurrently measured hardly anythingn a regular basis.
A recommendation towards both hospitals ikerefore to perform periodicneasurements of
KPlIs. It is strongly advised to at least measure the-TWRPIs in order to gain more insight in
their own process: this should be done periodically, ideally on a mobtdis.

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 enabtmisationsto

YSIFadiNE GKSANI Ay @Sy i2NE Oovitay Hd Sixfisyy lifeatire 1hiS NF 2 NY |y
designed model provides abusiness proces®verview of inventory management and the

relevant metrics. The structure provided by the framework gimemnisationssomething to hold

on to and prescribes them what to measure and how teasure it Furthermore the framework

is unique in its design, because differgmbcess stepare represented due to its span. This is a

goodaspect as it makes sure that the accent is not on a single process or output only, but really

serves the twagyoals 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 mad lies within the structured, holistic measurement approach
which the framework representsf the full framework is too mucho implement at onceit is
strongly recommended to measure at least the TIPKPIs. Off course, if it is possible one
should mesure all the metrics present in the framework to gain the best insight in inventory
management processes.

GENERALIZATION OF TRIEESULTS

In this research the framework was applied to hospitals, however the framework can be applied
to other industriesas wdl, because abther organisationghe same main basic processes take
placewithin inventory managemenfThe framework represents inventory managemembcess
steps which are quit generic and not very detailedhich creates the possibility to apply the
frameworkto 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 vallidgiethesesconcerning
the improverrents caused by ERP. Yet itamsideredpossible to use the framework for studying
the effects on inventory management caused by other technologgeswell Additionally n this
research the framework is used to compare ter@anisations but anopportunity for applying

the framework wouldalsobe to analge changes over time.

FURTHEHRESEARCH

The framework offerseveralopportunities, but unfortunatelylimitations should be remarkeds

well. First of all, he framework is developed based on war$ kinds of literature and expert
interviews. The list of KPIs that was compriséinot exhaustive. It is however very hard and
probably even an impossible job, to create a framework that is complete towards all situations
and scenariosMore researchin 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 test the hypothesestowards ERP even more. Finally further
research onaggregating the operational KPIs presented in the framework could be conducted.
Such a research could create a higher léébbveXhe current KPIs, which is interesting for top
management for instance and provides an even quicker insighthe performartes of the
inventory management process
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1 INTRODUCTION
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Over the past decadethe 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 importardevelopment in the corporate use of information technology
during the 1990¢Davenport, 1998)Gable, 1998YKumar & Hillegersberg, 2000)he ES market

has becomesignificant (Klaus et al., 2000YUmble et al., 2003and the last four years the
attention paid to this market in literature isgain increasing slowly as wellPairat &
Jungthirapanich, 2005)

Enterprise Resource Planning (ERPan example of a typical ES software applicatieRP
software, whichiscommercially available, aisio integrateand supportall 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 becaus¢hefdifferent expertise required. For
managers who have to deal with numerous legacy information systems and duplicate,
incompatide information, these standardésl ERPsoftware package solutions could provide the
perfect solution to their problems if the® promises are indeed méUmble et al., 2003)SAP,
Oracle andViicrosoftare the three biggest vendors of ERP software. They offer vesaftisare-
packages that suppornany different business activities ranging from opeaats & logistics to
sales & marketing, to financials and human resouncgnagementfor example (Davenport,
1998) (Umble et al., 2003)ERP is strongly related to Business Intelligence (Bl), bethese
gathering and centraled 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 waksented pomises made by vendors,
expectations of ERP packages aighh The promise of a standardi (offthe-shelf) solution to
business integration problems seems very tempt{Bgvenport, 1998)Organsing production

and (internal) logistics using ERP software is supposed to improve processes and create greater
performances as previously mentioned. Mainly lasggerprisesinvested heavilyn ERRadvice,
software and implementatioprocesse®ver the past decade. Bse investments we done for
several reasongne of them being the optimization of internal logistic procesdéere often,
small and medium s& enterprisesalso startedto embrace and implement ERP applications
(Klaus et al., 2000§Everdingen et al., 2000y his indicates that the ERRarket is still growing.
The reasons for implementing ERP are not alwayseqeiitvious. Most companies mainly
implemented an ERP package because their competition was doinp some industries ERP
hasevenbecome the standard: for example SA&s setthe standard in Oil and Gas and Baan in
AerospacgAkkermans et al., 2003The BI tools available in ERP are not always used optimal
and still alot of improvements can be made at this point to gaven more fromERPsystems
(Gunasekaran et al., 2001)

1.1 PROBLEM STATEMENT

Although the prospects of ERP look promising, implementing an ERP applaradicetting up a
good BHool to extract the useful and relevant informatiorior monitoring and managing
operations, is not a simple taskThisusually takes several years and requires large funds
(Beheshti, 2006)Additionally in most cases tHausiness processes will have to be redesigned
and even cultural changes in the enterprise are mostly unavoid@iieble et al., 2003)The
investments required to implement an ES are typically expressed in millions of dollars
(Davenport, 1998) The Meta Group anagd 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 spentias to be earned back. Strangely
enough most enterprises did not make any proper return on investn(&®I)calculations
beforehand(Umble et al., 2003)Also dten no ERP success evaluation is done afterwards at all,
because for instance it is still vague how tleian bedone andmeasured(Ifinedo, 2008)or 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 g&fiaudert,

2003) Much data is stored, but this valuable soa 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 effectivaédsls.

In literature much is written about implementatioprocessesand teachingpf ERP as Klaus et al.
(2000) indicate after extensively analyzing literature. It is mostly agreed upon that ERP
applicationsdo provide significant benefits in orgaimg internal (and externafrocesseslue to
its integrated nature Most benefits gained through ERP are however difficult to measure and
only alimited number of researabs focused on expressinthe benefits gaied with ERP in
numbers(Klaus et al., 2000fHunton et al., 2003)The benefits gained from ERP systems are
thus still quite unclearmostly it is only assumed thaiosts will be reducedPloos van Amstel,
2008) production times shortenedstock levels lowered Y R G KS 0Odzai2 YSNAQ
improved for example,but no quantified proof is available. Quantifiabfoof can bevery
interesting, because it cré@s amore tangible view orthe assumedbenefits and makes it
possible toassessthe scale of the impact caused by ERBich is harder to predict using
qualitative research. A quantitative methodto measure performancesherefore has to be
developed firsin orderto see where the advantages of ERP actually are

A good performance measurement tool on itself wouldeatly complement existing
Business Intelligence literaturby providing a structured way to gain insight in business
processesCurrently within literaturemostly aly a limited set ometricsrelevant for inventory
managementare mentioned, see for instandélendricks et al., 200/{Kleijnen & Smits, 2003)
(Gunasekaran et al., 20Q Fawcett et al., 2007)Lee & Billington, 1992he Balanced Score
Card (BSC)(Kaplan & Norton, 1992)s sometimes usedni practice to create a business
intelligence tool for monitoring different aspects of inventory management. In literature
however no clear prescriptioor guide to determinavhichmetrics should be included in the BSC
are available Besides the BSC, onliynited attempts are made to structuregerformance
measurement of inventaes The Supply Chain Council developedgupply chain, performance
measurementreference framework(SCC, 2006yvhich 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 differelevels, see Gunasekaran et &001)for
instance. They made an attempt to structure performance metrics into three levels: strategic,
tactical and operational. None of the abolieerature howeverprovides a gooaverview of the
coherence between different performance metric and it seems that-e&Ithrough which this
insight can be gained is not available.

There is still room left to develop a germance measurement tool thagxplains thecoherence
between ativities within inventory management, butgain does not takea too broad
perspective (i.e. looking at the whole supply chain ag&specially on the operational levibis
is very useful and there lighe challenge of this researciihe aim of this resarch isalsoto take
the first steps towards a good way of benchmarkitige performance oERRon an operational
level), with the focuson a specifidomain inventory managementThe next section elaborates
on this scope in more detail.

1.2 SCOPE ANCPERSPECTIVE

The introduction provided a general background and broadly indicated the issues at hand; this
section further narrows down the focu this research whichfinally leads to the main research
questionin the next paragraph

ERP packagesperate in a wide range of different fieldERP software consists of different
modules; specially 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 paidufmpl$ Chain
Management (M) has grown rapidlyas well (Akkermans et al., 2003fGunasekaran 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 @&tachilLevi et al.,
2003) One way of doing this is by effectively planning and managing the supply (Gwdim
internal and external)WalMart is a sucessful example which shed that good SCMcan
provide huge benefits Because of thgains that can be made in SCM, especially when using ERP
as the ERRendors claimthis willform the scope of this research: to provide more insight onto
those gains.

/ Recycle

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

Customers

Retail outlets

(Based on Johnson & Pyke, 2001)

FGUREL A SCHEMATIC OF 8UPPLYCHAIN

Figurel provides a schematic overview oh a&ntire supply chainAs can be seen the supply
chain reaches very faand therefore SCMincorporatesa wide range of activitiesAmongst
others, inventory management manufacturing,operations managemenand logistic processes
and planning all fall withimange of SCM ERP packages originated fraime automation of
manufacturing planning andcontrolling processedManufacturing cartherefore often be seen

as a core module of ERP packggaround which other activities are concentrate@urrently,
most ERP packages on the market evolved fiama core functionalityo other business areas as
well later on.SAP is a good example hereof, which started off asatemals requirements
planning (MRP)solution and later incorporated other activities as well, such as finance and
human resourcananagementfor example.ERPvendors claim that their ERfackages are able

to support activities along the whole supply chaln terms of information management and
Business Intelligence, ERP packages aim to supgpertinformation management part. By
providing intelligent business information additional efficiency and effectiveness should be
reached. ERP vendoasso claim thatheir packagesare not only able to support activities, but
are also capable of achievimaglditional benefitsas mentioned earlierHowever where the exact
benefits are and how it is possible to meastiat is still vague(lfinedo, 2008) a good Bl tool is
lacking.This research takes up the challengecteate a tool that can measure performance
which additionallyenables the validation dhe claimedbenefitsprovidedby ERP packages

As Figure 1 shows, €M stretches out from suppliers to clients with a lot of operations in
between and is thereforea very large research field. Researching the performance of the whole
supply chain wilbe toocomprehensivdor this research projectFor this reason the focus is on a
small part of SCM: inventory managemektrther argumentation about this focus is provided in
chapter three.Figure2 provides an enlarged view aatypical processtaking place at the final
assembly(i.e. a manufacturing firfn 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 thmanufacturing processTypically several
different inventories exist raw materials, finished products and work in pess As Figure?2
shows, storage ofaw materials andinished goodgake place at thebeginning ad the endof
manufacturing During the production sendfinished products have to be stored occasionally as
well, those are calledvork in processinventories. This research focusesly on inventory
managemenbf raw materials, whiclarelocated at the betgnning of the production process.

! WakMart for example applies vendamanaged inventoryand an innovative logistics strategy called
Wrossdockin® @&
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FHGURE2 DETAILED VIEW ONNALASSEMBLY

More often the focus iISCM is shifting from the competitive advantageoag singlefirm (e.g.

an assembly firm) to the competitive advantage of an entire supply chain (including component

producers, assemblers and warehouses for exam({eimar, 2001)(Kelle & Akbulut, 2005)

Because logigts 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

adzLILIR2 NI GKSaS RS@St2LIYSyda | yR A EERRmMBBpyite S@2f
chain systems integratiore-ERP is a trenth literature that hasattracted increasedattention

lately. eERP isot the topic of this research for explicit reasons described in chapter Agdhe

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 difficulinsitet!

research is performed in this ard#finedo, 2008) As Krauth et al(2005) mention the supply

chain performance can be measured using internal or totgansational performance

measures. The focus of this research will take an internal persjgedbokingat the benefits

realied ininventory managemenRdzS G2 |y 9wt AYLI SYSylldAz2yod ¢K]J
refers to benefits gained in one company, internally, ollg. mentioned several times before,

the focus of this research is aimed aethenefits only. Listing the caestructureand determining

what costs are associated to inventory management of raw materials is a whole different

research that is noincludedin this research.

There are many diffenet ERP packages on the mark&ssumed benefits of ERP might therefore
vary for different package®ue to time constraints it will not be possible to look into all ERP
packages. OnI$AP softwarés considered in this researclior two reasons. The first reason is
that SAP claims to bearket 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 daeghe comprehensive experience and
knowledge at hand about this softwar®easuring the performance of inventory management
however should not be software dependent. The choice made for SAP themdforddhaveno
effects on hypothess and examples used

1.3 RESEARCHQUESTIONS

Based orthe introduction, problem statementand scopedescribed above, the centra¢search
questionis derived This section deals with the formulation of the central research question and
sub-questions.

1.3.1 RESEARCHGOAL
Thegoal of this research projectfgrmulated as follows:

The research goal is to design atool for assessg inventory
managemenf @erformance
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The main target ishusto develop a performance measurement tpaimed at providing insight
in the coherence of activities on an operational levBecause performance measurement is
strongly related to the business intelligencactivities performed by ERP, ERPdéscribed
throughout the reportas well. ERP is useidr business procesanalysisand to test the final
design on the applicability of hypothegissting towards a certain technology

In order toreach this goal, several smaller activities which finally should lead to achieving this
goal are identified In the next section, gestions are formlated to support these smaller
activities. All thesubsequent small activitieBnally lead toa Framework to assess Inventory
al yI3SySyidaQa t SNF2NXYIyOS

1.3.2 SUB-QUESTIONS

This research contairsix research stepskFigure3 provides a simplified overview of the phases
this research containsThe different phases are thereupon described shortly, together with the
corresponding sub questions.

[Conceptualization] [ Analysis } [Technique selection} [ Designing ] [Design-testing} [Concluding}

N J \ J L J \ J J \ J
Y Y Y Y Y
\'!

<<

| 1l 1 v
FHGURE3 RESEARCACTIVITIES

PARTI. CONCEPTUALIZATION

The conceptualization phase will describe the background, which sets the context and focus of
this research in more detail. The two maaspectsof this research, ERP anlaventory
managementare described firstherefore the following questions need to be answered:

1 How can EnterpresResource Planning be defined?
1 Whatis inventory managemefit
1 Whatdoesinventorymanagementll compris@

PARTII. ANALYSIS

An analysis is conducted in Pdit In order to be able to measurthe performance of ERP it is
necessary to anadg the situation first. As a consequenttes activitiestaking placeat inventory
managementneed to be analyed to create an overview of the business processBss
information and the knowledge gathered during the conceptualization plsasebecombined to
identify whereERP offers possible improvements to the inventory management protesse
assumptions fam hypotheses which are tested later (see part.\hequestions to be answered
in this partare as follows:

1 What typical business processes take place within inventory management?
1 HowcanERP provide benefit inventory management processes?

PARTIII. TECHNIQUE SELECTION

Having the background, focus and potential benefits defined, a literature study is conducted
regarding available performance measurement techniques. This is done, banaursker to test

the hypothesesa method has to be found first to make performance measurement pos$iule.
technique should be selected thatis used to evaluate the effects of ERP on inventory
managementThe questions to be answered in this part are:

1  Which performance measurement teciques are available?
1 What technique is most suitable to measyrerformancein this cas@
1 Howcanthis techniquebe appliedin this cas@
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PARTIV.DESIGNING
With the most suitable measurement technique defined, a tool is develguambrdingly.This
tool forms a descriptive guideo measure performances between situations and to make sure
that information is gathered and compared in the same way in different cases.
1 Howshould the performance oifhventory managemenbe measurd and evaluatedusing
the selected technique?

PARTV. DESIGNTESTING
In PartV the designed tool is applied andsted in two individual cases, to see whether we can
say something about thérypothesesand about the applicability of the modeTlhe way to
measure and gather datia dictated by the tool, which will therefore ksrictly followed. Expert
judgments are a second means to see if tto®l is complete and correctThe questions
corresponding to this section are:
1 What is measured when applying the model to test c&ses
1 Towhat extend is the model applicable in pracfse
1 Howdo experts judge the model?

Finally there is reflected on the hypothegfermulated earlier in part )| The corresponding
guestion to be answered is as follows:

1 Whatcan we say abouhe performancedetween an ERRnd a norERFenvironment?

PARTVI. CONCLUDING
In the final part of this researcheflection is doneon the found result@nd the research process
The results are put in context and it is discussed what the found reisfiscate and how the
results can be applied to other cases or situations as well. The correspondinguestions
discussed in this final section are:
1 How suitable is the developed model for measuring performamcescomparing results
How did theERFcase perfom compared tothe non-ERRcase?
What can be recommended about the use of the designed model?
Under what conditions dthe findings apply?
Can themodelbe applied to other areaas wel?

=a =4 —a -

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. ERFperformancemeasurement literature is just startf to appearIfinedo, 2008) The

ESsuccess evaluations area is very diverse and often hard to apply in prdétifeermore

organisationoften do not exactlyknow what to measure in order to evaluate the performance

of their ERP implementatiorflfinedo, 2008) Much more is written on implementation and

teaching of ERBKlaus et al., 2000)Akkermans et al(2003) f a 2 & (ih fad, oreKdnli «

argue that very little academic research has been done on ERP, except for research on reasons
F2NJAYLX SYSy Gl A2y yR 2y (KS OKFftfSy3aSa 2F GKS
LINE OSSR 6AGK &, SG3 Awh ofitheAERS ec@syitend, Kedy lithebatdfiemiEz A §S I NI
NBaSIHNOK KIFIa 0SSy R2yS 2y (KS odzaiySaa AYLI OGa 2°
This research complements current academic research in the fi¢fdzefitory Managemenand
PerformanceMeasurement, which forms the first step towards evaluatiorE&®2 &4 0 Sof STA G &
instance, but maybe other technologiems 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 implementatiactly are.

Especially for organisations considering an ERP implementation, this research could be of great
relevance. Knowingow to measure performance creates more insight arekes benchmarking

possible. A good performance measurement tool can finally prove to what extend ERP provides

benefits, whichhelps to create a viable business cdse other organiations thathave yet to
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decide, as wellThe possible optimization and ¢esavings from implementing ERP software can
accordingly better be predicted, which also provides organisations with more certainty.

1.5 RESEARCHAPPROACH

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 researctechniquesis used Study of iterature, interviewswith expertsand
case studiesire the main research methodologiesed Partl is performed usindjterature and
interviews.Partll is mainly based on interviews and for aadhpart on literature as welPartlll

is performed using literature only; arious sources of literature are consulted to come to a
unified selection of metrics (data triangtian is used in this cas@enzin, 1978) Accodingly,
Part IV is a combination of previous sections; part of the constructionth&f performance
measurement tools doneusing literature as well.

PartV contains ase studesto test the design in practis®uring the case studiesxperts in the
field are interviewed Interviews were performed with purchasers and logistics managers (for a
complete overview of all interviews conducted, see Appendix A). Interkéports weresent
back for validation and feedback (data triangulati@enzin, 1978) Based on the interviews,
business processes are mapped and metrics are measured. Pattern matching is applied to the
business process mappings to ilkage the differences between the two cases. Pattern matching
is a core methodology applicable to thedmsting with case$Yin, 1994)The first step in pattern
matching is to develop a framework around which the case studiesaccordingly orgased
(Tellis, 1997)This corresponds witthe design that will be made ichaptersix Pattern matching
consists of matching aabserved patterr{the case study in this case) with arpected pattern

(the framework in this case), and deciding whether the patterns match with each other or not
(Yin, 1994)(Hak & Dul, 2009)n this case the process steps will be compared to the model and
to each otler. The cases will be used to see whether the design matches with practice.

Additionally logistics experts are consulted to assess the importéineeapplicability)of the

different elements in the modelLogicallyPart VI, being the final part does not use any
methodology because the research is concludecthis section and nonew information is
requiredat this point.

1.6 STRUCTURE

The structure of this research is as follows. part of thetheoretical backgroundERFbusiness
intelligence techologyisfirst described in chapter twolhisis followed bylnventoryLogisticsn
chapter three:chapter threemainlyelaborates on inventory managemerdnd for a small part on
SCM Accordingly inchapter four anin-depth analysis is pdormed of inventory management
and the linkage with ERP is described. Based on this linkage, seyeo#hdsesare formulated
about the potential benefits offered by EREhapter five thereupon describesarious
performancemeasuement techniquesin this chapteralso one specific method is selected and
described in more detailThe selected method isubsequentlyused to design a conceptual
framework in chapter six The framework is tested in practise, using case studies: this is
comprehensively described anapter seven Chaptersevenis followed bya reflection in chapter
eight Finally conclusionare drawn in chapter nine. Thereafter,the Appendices follow.The
coherence betweerifferent chapters, their relation to each researahtivity and the research
methods usedn the researchare shown inFigure4 on the next page.
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| 2 BUSINESYINFORMATION
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Businessnformation is of great importance to makbe right decisionsvithin an organisation
(Watson & Wixom, 2007)Data collection is therefore important as well, because more data
might help to make a better decisiaifi it is put to the right use. Performance evaluation is
usually based on collected data as wpérformance metrics represent\asual summay of large
amounts ofdata (Watson & Wixom, 2007)n order to monitor the performace correctly, a tool
needsto be in place which collects business informatfost. This is exactly where Enterprise
Systems can be very helpful. Applications, suckrmterprise Resource Planning (ERP) software
for instance, collect data from all soucavithin an orgarsation and store that information at a
central location. From thisentrallocationdata can beretrieved and usingBusinessntelligence
methods the right information can be extracted to monitbe performance for instance.

Because ERRs strongly related to the field of Business Intelligence and performance
measurement, this technology is described in detail first. Bués holistic approachtowards
business processes within an orgstion the description of this technology supportee
identification of typical inventory management business procesguiredlater on, as well. In

the end hypothesesconcerning ERP are formulated as a way to see how the performance
measurement tool functions, and therefore the background of ERP neeols described first as
well. Hypothesesconcerning 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 exahmgple.
introduction already mentionedhe significance of ths ERPmarket; in 1997 for example, $10
billion wasspent on the purchase of Enterprise Resource Planning sygtémsle et al., 2003)

In 2002 the ES markgrew about twice as big, to abo®20 billion(Klaus et al., 2000pnnual
growmh rates around thirty percentwere seen(Umble et al., 2003) These numbers clearly
illustrate the rapid growth and gnificant size of the ES market and are important reasons to
focus on this market. The following sections will further elaborate on BRiPeate a better
understanding of this technology.

2.1 ENTERPRISERESOURCHLANNING

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., 2007ES applications aim to streamline pesses, the information that comes

with those processes and finally the monitoring (performance evaluation) of business processes.

Typical several different terms have come up EBRRduring the years of its existence. Basically
Enterprise Resource Plangi, Enterprise Wide Systems, Integrated Vendor Solutions, Integrated
Software and Enterprise Application Systems are all synonyms referring to the(Saxchera et

al., 2001) however Enterprise Resource Planning (ERP) is nidstywused. 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., 20007 broadly agreed upon definition has not been defilfiéthus et al.,

2000) In this research the following definition will be adopted:

O QTERPRISE RESOURBENMING SYSTEMS SREIFIGURABLE INFORMW SYSTEMS PACKAGHAT INTEGRATE
INFORMATION AND INF@ATIONBASED PROCESSES WIANDACROSS FUNCTIONAEASRIN AN ORG/SATION
THE CURRENT GENERATOBPERPSYSTEMS ALSO PROYIREFERENCE MODERSPROCESS TEMPLATHEST
CLAIM TO EMBODY THERRENT BEST BUSSNEESACTIGHKUMARE HILLEGERSBERG00)

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 widef range o
business activities. The concept that distinguishes ERP from other software packages is its aim to
totally integrate all different business activitieking place within(public and private)
organgations(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 indusRigsises the
concept of a totally integrated enterprise solution, across all parts of the enterpAse.
integrated solution means thaall 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 beestdar example.

The information is also visible in re@he 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, Oracléviierdsoft Most ERP packages evolved frome
speciality to various other business activitie€RP 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 manufacturegagy] encompassed finance, sales,
distribution, andhuman resources as well.

Originally, ERPRvas most often used for the operational management of manufacturing
companies onlyMurray, 2006) Currently however, municipalities, health cgpeovidersand
financialinstitutions €.g. banks and insurance companiesg ERP packages as wélhereas
mostly only large orgasations and enterprises used to implement ERP, small and medium sized
enterprises (SME) are starting to catch(#paus et al., 2000)Everdingen et al., 2000More and

more SME see the potential benefitg§ implementing ERP. ERP vendfoiow this trend by
taking up the challenge to offer their packages to thes®llercompanies as well.

As mentionedbefore ERP is able to support all most every business act&AyP. R/3, offered by
SAP, for example has Financial, Logistic, Sujhalyn and Human Resource modules very tightly
integrated. SAP offers the following (major) modul@gthin their current SARR/3 software
packaggDavenport, 1998 Murray, 2006)(Umble et al., 2003)

TABLEL SAPMODULES

Module Name Abbreviation
Sales andistribution  SD
Materials Management MM
Production Planning PP
Quality Management QM

Plant Maintenance PM

Human Resources HR

Workflow WF

Project Systems PS

Asset Management AM

Controlling CcoO

Financial Accounting  FlI FIGURES SAPMODULES
Industry Solutions IS (tailored packagt

BASED ON A FIGURE BMINKIT SoLUTIONS2009)

Additional modules to this list also exist, like a warehouse management (WMT) module for
example.The IS moduldrfdugry Solution)presented at the bottom of this list is not8tandard?
module like theothers. The ISmodule is actually more than just anodule IS are tailored
solutions fordifferent industries a modification of the standard SAP software to fit a specific
industry. AnIS containg preformattedtemplate thatwill cover all modules and offers additional
functionalities that are specifidgl required for a certain industry due to its unique
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characteristics. SAP for exampliso offes software to medical orgasations, i.e. hospitals, were
they use arelectronic medical recortbr their patients Medical recordsare out of the ordinary
and thus offered in an industry solutigrincluding a template that makes it possible to handle
this type of environment.

SAP R/3 was released by SX®, a German companiy, 1979. SAP R/8 the successor of SAP
R/2.SAP R/3 is used to run the business processewedfumto large corporations. MM, SD, PP,
QM, WM, PM areey logistics modules which are widely used by industiibesemodules are
so vast and so deep that they have been further divided into sub modGladapati, 2009)SAP
is considered market and technology leader in client/server ERP soft(Muoeray, 2006)
Following this SARRxample, the followingllustrative story describinga manufacturing company
will show the use of different modules and their coherencthe used modules arstated
between brackets

Suppose amrder is being soléh the sales departmentSD) the next thing to do is calculatnd

plan the needed material(PP and MM are us@dBecause the sales departmeateadyentered

the informationfrom 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 fgcguality management
(QM). When the quality and quantity are in order the goods will be addedthe stock
Additionally the received goods have to be paid for to the supgdiethe finance department
(FI).Subsequentlytie delivered goodswiill liein a warehousdor acertain period of time, waiting

to be used during the production process. All pdyiag inthe warehouse will of course have to

be managed (WM)Finally the goods are requirddr a production order in production planning
(PP) or be part of a laeg project defined in project system (PS)hen manufacturing is
complete the finished goods have to be distributed to the customer (SD is again used). Finally a
bill has to besentand the product has to be paid for: again finance (Fl) is used to supipsrt
task.Finance uses the information entered by the sales department to create invoices.

ERP packages store and mande information that is needed to coordinate, among other
things, the activities described abovAs shortly mentioned in the exampl&ERP especially
stimulates information sharing between departments and during different business activities.
The strong integration of different departments is a unicaspectof ERP packages theory,

ERP ighus applicable to various orgar@tons andable to support a wide range of different
activitiesas we have seen

2.1.2 HISTORY

As mentioned in the previous sectiothe history of ERP liewith the planning of required
YFEGSNRLFE &ad Ly (nkaSs pddudiidrad goodeaomsing of maiySpyirts €.9.cars
televisions etc) emerged very quickly, the need to calculate the required materials also
increasedKlundert, 2003)This need was also initiated becauhee to the increased number of
parts alsolarge quantities of inventory had to be maintaineslo called Material Requirements
Planning (MRP3ystems helped to reduce the amount of inventory. MRP represented a huge
step forward in the materials planning proce@dmble et al. 2003) For the first time, MRP
systems made it possible to let a computer calculate gross material requirenigsitsg the
accurate inventory record filesthe available quantity of o#and or scheduledo-arrive
materialscould in MRRsimply beused to determine net material rquirements.MRP were the
FANRG Wadl yRFENRQ 0 dzKlaug &alz22000)JL) AOF GA2ya | @FAflFofS

In manufacturing, controlling materials and inventory is just one problssheduling capacity
forms the samechallenge.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) customeorder promising(Umble et &, 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 cycl&laus et al., 2000Material Requirementdlanning
finally evolved into Manufacturing Resource Planning, also cMIB® II.MRP Il encompassed

new functionality like sales planning, capacity management and scheduliidge MRP which
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mainly only planned material, MRP Il could also plan othepueces (machine capacity and
personnel for example).Ly G KS wmMdpy nQa ated to indorporaté dinakigla a il
management systemsas well (Umble et al., 2003)Fnally human resource management
capabilitieswhere added The shortcomings of MRP Il and the need to integrate even more

(new) techniques led to development of a totally integrated solution called enteiprifte)

resource planning (ERF3upta, 200Q)Enterprise Resource Planninghg final combinationof

MRP and MRP. I

2.1.3 RECENTDEVELOPMENTS

A recent development seen more often in literature the pdstadeis the rise of extended ERP,
also referred to as ERPoll eERPERP traditionalljooksinto internal processeswhereas ERP |l
also looks further and uses the Internet. ERP |l enafnigangations to connect their internal
businesgprocessewvith the (external) systems of their customers and suppl{Beheshti, 2006)
ERP Il aims timtegrateinternet-technology withinERP softwaré order to enable the exchange
of information more easilyfor example to coordinate the supply chain between different actors
The future of ERP II clearly includes a perspective in which companisners and vendors
are all linked electronicallfjweston Jr., 2003Actually ERP 1l is often seenasombination of
ERP + SCM +Baisiness(Pairat & Jungthirapanich, 2005AIthough literature presents this
phenomenon as somethingptally new, EDI (Electronic Data Interchan@ealready exists for a
while and is aneans to exchangelectronicinformation and can thus be seen adirst version
of extended ERP as well.

The next step for orgarsations, who initially improved internal processes using ERP, is to
examine the possibilities the Internet might offéBlrca et al., 2005)In the supply chain
(discussed in the next chapdenformation sharing plays an important role and therefore ERP Il
might offer a good tool to support operations across the supply chaiformation sharing could
successfully solve the problem of the bullwhip effetctowever there are still several praohs
which currently stand in the way of ERP Il to become a suc€hssfocus of this researdh on
ERPused in asingle orgargation only, for several reasonsexplained below. Inventory
management within one firmon itself isalready a complicated procsslooking further and
combining all inventories across the whole supply chain would make reseaudh more
complicated. There are several more reasons to focus on ERRPaadiyot look any further into
ERP Jiwhichthe nextparagraphs will elaborate wm.

Firstlymost organsations are still strugglingvith their internal operationsFor orgarsations to

take full advantage of electronic exchange of information across the supply chain, they must
ensure that their own ERP systems are implemenédficiently beforehand. If this is not
achievedand their ERP systems are not functioning properly, information sharing wiltcedye

up- and downstream problems aihternet speed)(Blrca et al., 2005)Rurthermore a huge
challenge orgamations face when implementing ERP Il is the partnership challdgeause
there is no control overa LJ- NJi y S NJ§ &elatiorisiips Svith business partnemre of
paramount importance to the success of an ERP Il implementéBdnca et al., 2005Most
organgations 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 Btvery limited, because orgasaitions are afraid to lsare their information.
Strategic behaviour plays an important role at this poinaryl organgations believe their own
information is what gives thena competitive advantageand therefore orgarsations are not
willing to share this information freelyAgrawal & Pak, 2001fpharing knowledge among all
business actors, including competitprequiresa paradigm shifand change of mentality in the
economy,which has to taike place first before ERPidlable to reactits presumed success on a
large scaldMohamed & Adam, 2005The limited number of ERP Il examples currently available,
is also a reason supporting the decision not to focus dd EER this research.

2 EDI standfor Electronic Data Interchange and is an electronic forrmomimunicationbetween 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 solutioptimize supply chainsn practisehowever

a lot has to be done before information sharing an@@siness can finally be used to its full
potentialand can be adopted on a large scdtgen ifparties are willing to share information and
ERP Il is about to be implemented this is not without. r8kallenges likeesistance to change,
local culture issues, training, testing and good project manageémenall key factors which play

an important role to asuccessfuERP limplementation(Weston Jr., 2003)These are the same
issues that maylso be faced when implementing ERP within omiganisation thus one can
imagne that with the implementation of ERP Il across different actors along the supply chain,
theseissues 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 & PaK2001)argue. The biggest benefits are still to be gained within one
organisationand for these reasonghe focus of this research Isnited to ERP onlyseeing the

early stage that ERP Il is still in

2.1.4 ADVANTAGES

ERPis currently in a more mature stage of development and has been adopted for various
reasons.There were several reasons why ERRwarehasbecomeso successful anslich afast
growing market. Some companiegmplemented ERP, because they were forced by the year
2000issue to undertake action and replace their legacy systefbsvenport, 1998)
Subsequently ERP promised additional benefits that seemed appeAknglready mentioned,
ERP integrate all business activitig®eheshti, 2006)This provideseveral benefits, which will

be illustrated by the following example, based @upta, 2000)If a purchase is entereith ERP

by the sales dpartmentthe 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. Thist with required materials is again passed to thechase department
where materialscan either be ordered automatically (via EDt)via a purchaseBecause the
order was entered before, théogistics can easily be coordinated well and it is immediately
clear where the materials are required andveato be delivered. Additionally all (financial)
transactions are tracked in ERFhis provides the possibility to monitor in réfmhe, the planning
status and predicted delivery times Because transactions are tracked across all business
activities,management can also track thiméncial performance of therganisationin reattime
(Kelle & Akbulut, 2005)nterconnections in ERP make sure that information in one part of the
business can be obtained by anoth@eheshti, 2006)As the example shows, ERP is thus able to
react fasterto orders, purchases etcue to the automated interconnections betweatifferent
business activities. Steif1999)for exampe refers toToro Cd', whichis aseeing a return due to

the integrated nature of SAP and higher dataality which helped to be more responsive to

0 KSANJ Odza (i 2(acSMiaglo oRidas) y R

With ERPplanning carautomatically beadjusted and havecome more flexibldGupta, 200Q)
Also due to automated processes, delivery times ardkr-to-cash cycle times can be shortened
drastially (Hendricks et al., 200/{Stein, 1999)Moreover the information is often available to
supply chain partnersgue to the speed at whih the information is available, ERP has the
potential to radically reduce inventories and increase customer sefditeison & Pyke, 2001)
The many interconnections also prevent people from reentering information into different
systems which was often the case with legacy systéRmwcett et al., 2007)Reentering
information is a wast®f time and may causenwantederrors. With ERP (in theory) less people
are required which is of course a costs saving.

Furthermore, it is costly to maintain dozens of different platfornMaintaining just one
application (i.e. ERP) ieasier and cheaper. Thus from a maintenance perspective ERP
applicationsare considered t@rovide significant cost savings well(Murray, 2006) Cost can of
course only be saved #ll legacy systems are being repladed ERP,otherwise ERP will only
cause additional costs.

* Toro Co. is a$l billion commercial outdoor environmentaiachinery manufactune located in
Minneapolis (US). Toro Co. produces machinery sutdwasmowers 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.
Onemight also wonder why companies did not implement ERP a tong agoalready, seeing

all theadvantages it provides. Theege however also downsideto ERP which prevent or have
preventedcompanies from implementing an ERP package.

A major reason usually tee cost of implementation(Stein, 1999)Changeover to ERP often

experienced as taking more time than scheduled and therefoageising (enormous) cost
overruns(Gupta, 200Q)(Poston & Grabski, 2000mplementation of an ERP packagey®s to

be very expensivé (G2 Ayadlktft Fy 9wt &a2Fds6FNB LI O1F3ASsT O2:
million Eurosis needed to implement the softwar@/isser & Goor, 2004dmplementation costs

typically range from one mitin Eurosup to even hundrednillion Euros The Meta Group did a

research among 62 companies and based on these cases concluded that the average
implementation coss $10.6 million and took 23 months to complegmble et al., 2003)There

are dozens of examples where budgets are overrun dramaticatlgording to researct90% of

ERP implementations end up late or over bud@emble et al., 2003)The software itself

represents only a fraction of thital costs of implementation. After installing an ERP package,

the software needs to be custonaid and fit b the organsational processesAttention will also

have to be paid to the employeewho have to accept the application, otherwise the
implementatbn is useless. ERP software is worth nothing without proper education to its users,

working procedures and preservation of functionalit{€iffe, 1999)(Bingi et al., 1999Because

of the huge impact ERP has across all different layers and locations of a firm, it can disrupt a
O2YLJ yeQa Odz GdzZNB 2NJ S@Sy SIFR (2 LINRPRdAzOGAGAGE
start-up phasé¢ whichmay cause additional damage(s) dretong run(Stein, 1999)

Another disadvantageof ERP is the complexity of the softwaféisser & Goor, 2004many
departments will be interlinked which makes changes also more complex. Thislexdyps
being reduced by using separate modulkat eachoffer 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 altbetsystem to do their daily work with it and
know the consequences of their input: ERP can create excessive training require(Bégits
1999) Due to the interlinked structure an error or wrongly entered input nejen causea
series of faults throughout the systetGupta, 200Q)

2.2 ERPCHARACTERIZATION

Originally MRP applications already tried to link as much information as podsitglgration of
information across different departments is a comdement of ERP. This is where ERP
(theoretically) should provide the most benefictions that require information from different
department can typicallybe very well supported by ERP.

2.2.1 PROCESSES SUPPORTED BRP

As shown in the previous section, many modules to support different activities exist. The main
aim of ERP Vendois the endis to support allprocesses, whickould possibly take place at an
organisation in one integrated applicatior-igure6 (based on a figure provided lyardiner et

al. (2002) provides aschematicoverviewof typical processes taking place atreanufacturing
company.SAP is used in this examplégtcolours illugiate different SAPmodules and show
what processes or departments are supported dach SAPmodule The figure provides a nice
overview of the different modules that could be used throughout the enterprise.
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Remarkablyall processes are being supportbg modules from SAHExperiencesrom users do
however sometimesndicate otherwise.Willem Wijnia (Centrig(Logistiek.nl, 2007)for example
argues that ERP is only alidehandle predictable, continues inventory streams; if the demand
not continuous anymore butbecomes moreand more complex ERP packages become
incomplete and additional tools are needéHogistiek.nl, 2007)Additionally it 8 argued that
investing inERP onlpecomesnteresting whenthe total valueof inventory isaboveone million
euro (Froukje de VriesE=Optimaal part of Infolog) and that ERP onlgperates well in a
manufacturing companwith simple forecastFrankBongers, Galvano Retgilogistiek.nl, 2007)

Typically ERP is also a very functional tool when information needs to be shared-timesal
Because of the integration of different business departments the information cailyebe
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
match the upcoming demand.

2.2.2 ERPvs. NON-ERP

The foregoing sections dedioed what an ERP is and what processes are supporidua
alternative to using ERP softwaresisparate 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 caseorders will have to be retyped to exchange the information between
systems With more than one database, thdata is often stored twice and the information
between databases is not updated in reé@he and can easilget out of syncor outdated ERP
integrates all these seate databases into one. Additionaltgports are generatedrom the
information available in the ERP databassing Btools already available within ERP or specially
build within/around the standard ERP packagéso software packages are available that form

an extension to existing ERP softwalusiness Intelligence Softwar&lim4, developed by
Slimstock B.V. is an example hereof: they developed a software application that makes use of
information stored in ER tooptimize inventory forecast8ecause 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 separaseftware solutions to ERP and business
intelligence that supplemenstandard ERP packag8$ie 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 intelligencols that extract the data from the ERfatabase and translate it to reports

with interestinginformation for steering and monitoring processes.
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Warehouse
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To summarizean ERP packagedefined by the following key characteristics:

Enterprise Resource Plannirftntegrated solution):

INTEGRATIOOf alf business processes.

One integrated software solution for the above processes.
OneCENTRAL DATABAdAta is stored at one locatigidatabase)only.
Data is exchanged and updatedAtTIME between business units
departments, operations etc.

N =

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 entireorganisation Using business
intelligence tools this information can be used to creatbvantageousnsights in the operations

of an organisation This chapter showed the difference between a ARBRP and an ERP
environment and the positioning of possible business intelligence (or performanc
measurement/evaluation) tools in relation to software.

Furthermore within most ERP packages thgpical busings processesare described in a
structured way. This chapter showed the business blueprinarofentire organisationas an

example this provided an overall overview of the activitiaking place. The next chapttkes a

detailed view & a specific part,namely logisticsThe information from this chapter combined

with the logisticgart in the next chapteris usedduringthe analysigurther on.

® As much business processes as possible; with the ultimate goal to integrate all relevant processes.
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| 3 INVENTORYLOGISTICS

"The amateurs discuss tactics: thfessionals discuss logisticsNapoleon

The introduction already mentionedhat the focus of this researctwill be on inventory
managementlnventory management ipart of supply clain management (SCM)hé&refore first

SCM will be described shortly. This is done to show inventory managementelates to this

much broaderfield of researchAccordingly the different aspects of inventory managemardg
described As the previous chapter pointed out, ERP packages support a wide range of business
activities supply chain management and inventory magement are two of themERP and
logistics are related to each other in a way that ERP supports these processes with infoymation
in many cases IT systems even form the core of the logistic proc®ees van Amstel & van
Goor,2006) Therelation between ERP and logistissalso addressed in the proceeding sections.

3.1 SUPPLYCHAIN MANAGEMENT

Qpply Chain Managemensia very broad term, because it incorporates a wide range of
activities: transportation & logisticsinventory & forecasting, supplier management, after sales
support and reverse logistics are some examplegentory management is just one aspect of
SCM.Johnson & Pyké2001)evendistinguished up to twelve different categoriegthin SCM
About SCM,Here arevarious(slightly)different definitionsavailable for instance

O YPPLY CHAIN MANAGEMESCM)IS THE TERM USED DESCRIBE THE MANAEEW OF THE FLOW OF
MATERIALSNFORMAION AND FUNDS ACROSS ENEIRE SUPPLY CHAIROM SUPPLIERS TOMRONENTS
PRODUCERS TO FINSSEMBLERS TO DISTRBN(WAREHOUSES AND REHRE AND ULTIMATELY TOETH
CONSUMBRJOHNSOM: PYKE2001)

OSUPPLY CHAIMANAGEMENTSCM)IS THE MANAGEMENT ®AETWORK OF INTERRECTED BUSINESSES
INVOLVED IN THE WIATE PROVISION OFOBRCT AND SERVICEKMGES REQUIRED BB EUSTOMERS
(HARLAND1996)

O BE SUPPLY CHAIN (B®I DEFINED ASNETWORK OF RETAILERSTRIBUTORSRANSPORTERSTORAGE
FACILITIESND SUPPLIERS THARTRCIPATE IN THEESBELIVERAND PRODUCTION OFARTICULAR PRODOGET
(MURRAY2006)

Although these definitions differ, thego contain severalsimilar elements. For example all
definitionsinclude consumers, productand businesses. SCM can therefore be seetha@goint
operation of several businesses to manufacture and deliver a product to the consAliner
activities that have to be performed tachieve this operation are part of SChgistics i®ften

also used to refer to SCM. A small difference can however be kegistics can be seen as all
activities that concern the transportation of goodstire supply chain. Logistics can be defined as
GOGKS YIylFr3aSYySyid 2F odzaAySaa 2LISNIGA2yas AyOf dRAY
RSt AGSNE 27F 3I22Ra (Murrdyy2806)TeSnosh idghditaintedistiOoshnlthaty” &

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 wglarson et al., 2007)Due to the focus of this
research, which is restricted to singleganisationslogistics will be used mostthroughout this

report.

Figurel (in the introduction)depicted a snplified supply chainthis figure showed supplier
manufactures, assemblers, retailers and custom@ikthese actors exchange goods, funds and
information with each otherThe exchange of these thre#ems among the actorfvolvedis
consideredthe three key flows within logistic§Akkermans et al., 2003ERP typically suppart

the exchange of information @hfinancial data(which can be seen as information as well at a
certain point) between companiesand within a single companyin 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 dediwsgecific order otime, this
can cause delays during the productior servicedelivery as well.

3.2 INVENTORr MANAGEMENT

Uncertainties are one example why most parties within the supply chain keep invesntor
Inventoriesfunction as a buffer to cope withincertainties as described aboy#/aters, 2003)
Inventories are kept at all most eaglarty within a chain of supplyhis section will elaborate on
inventory management in more detail.

3.2.1 |NVENTORY(MANAGEMEN'II DEFINITION
Ghwveni 2NEQ YR Waid201Q FNB 27F0SyWiddzA082R yetivehen NBf | (G S
inventory management is mentioned, there is however a slight difference with stock. Stock is
usually an amount of goods that is being kept apecific place (in a warehouse for example),
sometimes referred to as inventory. Conversely, inventamgnagementis primarily about
specifying the size and placement of stocked goods. Inventory management is necessary at
different locations within anorganisation 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

0S RSTAYSR Fa GKS avYl yl &Y Sy iNGHi® et g, 2083hel £ & Ay
following activities all fall within the regye of inventory managemerfiVikipedia, 2009)control

of lead times, carrying costs of inventory, asset management, inventory forecasting, inventory
valuation, inventory visibility, future inventory price forecasting, physinaéntory, available

physical space for inventory, quality management, replenishment, returns and defective goods

and demand forecasting.

Inventory management basically serves two main géRkid & Sanders, 20Q7irst of aligood
inventory management is responsible for the availability of goods. It is important for running
operations that the required materials are present in the righentities, qualityand at the right
time in order to deliver a specific level of serviddie second goal is to achieve this service level
against optimal costs. Not all items can be held in stock against eostyfor example and
therefore choices have to be made.

3.2.2 WHY FOCUS ONNIVENTORYMANAGEMENT

Inventory is often where the biggest costs are hidden in busine@dagington, 1996)This is

also the first reason for choosing inventory management as the subject of this research as
discussedduring the introduction. Figure 2 showed various processes takinglace at the
manufacturer; for threereasons onl inventory will be picked out.

First of allstocks areresponsible for a largpart of the total working capital costsip to about

one third (Goor & Weijers, 1998)nventory costs also represent a significant component of total
logistics costqCoyle et al., 2003)Consequently the biggest benefits can thus be gained by
reducing these costs (using ERP according to expectatdfsking capital invested in stocks
could alsohave been avery useful resource wheit could have beerused otherwise(Wild,
2002) (Fawcett et al., 2007)Capital invested in stocks thus from a compamperspective,a
Wdza St S3aQ 4 Castirefluctdis ary geguited by the market in orderkeep offering
competitive productsand services; reducing the working capital costs using more efficient
inventory management is one way to achieve this goal.

Secondly stocksre a sourcefor risks (Visser & Goor, 2004jFawcett etal., 2007) For example
stock may catch fire, can be stolastamagedr may decayver time Consequentlyhese events
might influencethe productionprocess and could even cause it to stopd orders are delivered
too late accordingly If stock levels are lower theelated risks will also be reduceBiskscaused
by maintaining stockare again related to costs, because stocks have tstbed secureand
have to be protected against these riskg)ich costs money.
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A third reason to fogs on inventory (management) is because inventoogts are some of the
easiest to identify and reduce when attacking supply chain problglobnson & Pyke, 2001)
Budgets are often under pressuaad costs have to be reduced keep up withthe competition

In accordance working capital costs will have to be reduced; optimizing internal logistics is a way
to do thisin a relatively easy manné¢Ploos van Amstel, 2008 RP is presumed to enatstock
reductions and thus as a consequence able to reduslated coss and risls. 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 catausevariousadditional risks Waters(2003)states
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alsowonderswhy inventories ardeingmaintainedby organisationst all. According to theJust

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 thentporary storage of all these goods

(Coyle et al., 2003)This is how managers often explain the-@iificiple. Unfortunately the JIT

principle cannot always be applied and JIT is just a way of con@ditnation where production

takes place based on an order (no mass productidi). does not mean there are no inventories

at all, but aims at elimination of unnecessary stocks during produ¢bik et al., 2007)

Inventaries will probably always exist due to several reasdinere arethree mainreasons why
stocks are necessary sometimeseveninevitable

I Uncertainties are the most important reason to keep invento(iekiL, 2009)f for exanple
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. Althaudbklivery 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 casdetivery 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 ém 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 sendce t
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 a(id&aters, 2003)

1 In relation to uncertainties, time also plays a roléme lags which are present in the supply
chain can be intercepted by maintaining stoékcertain amount needs to be kept in stock,
2 dza S RdzNA y 3 (i somethingis @derigd, itiusudlly ks 2 while Yefore the
goods are actually delivered; during this period the production cannot stand still and
therefore the stock will function as a buffer ttvercome this period. Time lags in deliveries
can lead to veryarge fluctuationsand are exaggerated down the supply chahrs effect is
called the Bullwhip effecfLee et al., 1997 Fawcett et al., 2007(Johnson & Pyke, 2001)
Inventories are thus a means to protect oneself against this efidcindert, 2003)

1 Finally it may sometimes be cheaper to keep some stamnd@nies of scaléor exampleare
a reasonwhy inventories arekept. Buying biggr quantitiesis often more beneficialthan
ordering small amountsdue to the related discount@Naters, 2003)(Coyle et al., 2003)
Additionally ordering one unit at a tim#hat has to be delivered to a specific plaeeery
time the user needs it, requiresiore logistic movementand accordingly raises high costs
as well.Also fluctuating prices may form a reason to keep a stock: buying a product at a low
price canprovide abenefit (Waters, 2003)That ioff coursewhen the total costs of keeping
additional goods in stock iostefficient compared to buying at a higher price, otherwise
high stocking costs wilnmediately diministihe intended profit.
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In addition to this list seasonal goods dam added(DHL, 2009)cropsfor examplecan mostly
only be harvest once gear, which makes it impossible to produeecording to thgust-in-time
principle.

3.3 INVENTORYSTRATEGIES

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 modeg 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 unambigpus answer to this question and it has to be considered for
each separate situation individually. The amount of inventory that should be depénds on
various factors and upothe activity that is defining the stockwild, 2002)

3.3.1 CORPORATE STRATEGY

The mostdetermining factor isthe corporate strategy (Dijk et al., 2007)First the corporate
strategy is set by the management. Accordingily thoices made in inventory management have
to fit within the corporatestrategyto reach those goalslhe pursuedervice level is an example
of the choices that are made by the managemédntsome cases this is also partly determined by
what the market demandgfor instance concerning medical supplies people arore likely to
expect that those are in stock).

Inventory management is used as a means to achieve those goaégy etl. (1993)andDijk et
al. (2007)definethree differentkeystrategies

1 Operational excellencecompanies following this strategy aim to offer good quality products
against the lowest possible pricd3ell computers, for example is following this strategy.

1 Qustomer intimacy firms operating accotidg to this principle, constantly adjust their
products tomeet the requirements of their clientslhesetypes of firms try to build up a
good relationwith 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.

1 Product leadership; is a strategymed at innovation. Enterprises following this tactic try to
stand out due to their new and innovative products; Apple igand example of this
principle

Customer intimacy is a term that is used by Treacy €t1893)and should not be confused with
customer servie. Customer service can be seen as one specific aspect of customer intimacy.
Offering a goodservice 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 gledn
2FTFSNE 2N GNIFO1Ay3a (GKS Odzali2YSNBEQ RS&ANBa (2
activities that do not directly concern a good service level but do concern customer intimacy.
There is thus a difference, which the following exampé® dlustrates.

A good example of the corporate strategy havéffigct on inventory management can be seen if
one would compare Aldand Lidlo Albert Heijn which both are grocery storeéldi and Lidl for
example compete on operational excellen(®@ijk et al., 2007)whereas Albert Heijn focus on
customer intimacy.The Aldi looks like a warehouseot much attention is paid to the
presentation of products. The ratio between price and quality at the Aldi is however very
competitive. The Aldis following the operational excellence strategy, whereas Albert Heijn is
focusingmuch moreon customer intmacy.At Albert Heijn # registered clientdor instanceget
additional discounts andh the shops the products are neatly presented. Additionally leading
brands are sold and the assortment is kepttopdate with new product. At the Aldhore 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 differeBtock levels are vemjifferent when a higher
service level has to be offered for examigild, 2002)
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3.3.2 BUSINESS MODEL

In addition to the corporate strategy,naorganisationchooses a business model that is aligned
with their strategy. By a business model the way pé@tion is meant in this case, also referred
to as basic structure§he four most important definetlasic structuresire (Hoekstra & Rmme,
1991) (Dijk et al., 2007, p.38)

1 Maketo-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 (hopefatyporarily) 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.

1 Deliverfrom-stock.
The deliver from stock variant looks similar to tmaketo-stock structure. However in this
case the assortment is much bigger and products are not being manufactured first. This
structure is usually fond at a wholesaler or retailea builder's merchant for example has
this structure.

1 Assembleto-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 eAgroducts. Dell computers for example offararious
components where the clients are able to pick from; accordingly their combination of
components will be assembled.

1 Maketo-order.
A make to order structure is most common for products that have to be tailored to the
02y adzYSNEQ RSAANBR@OLY KKB A 2YF &S LINERAZOSR 2y
Building a luxuries yacht is a makeorder example.

Variations to this list exist: Hoekstra & Romi®91)for instance also mention a fifth structure
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structure.The order in which the abovieur structures are presented also represent their rank in

relation to the amount of influence a customer has. In case of the awadgock structure, the

interaction with the client takes place at the end of the production pro¢eksekstra & Romme,

1993) (Coyle et al., 2003)The client also has no influence during theduction process,

whereas in the makeéo-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 poin‘ior Push/Putboundary(SimchiLevi et al., 2003)

The basic structure is vedefining for the amount of stock that is keph case of mak#¢o-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 Jusin-Time (JIT) delivery. Using JIT, the edmkorder 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 andhaue 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 sometiintgte otherwise. For
example the makéo-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 regsicosts and risks.

® In Dutchreferred to as KOOP: klantorderontkoppelpunt.
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3.3.3 DIFFERENT VIEWS ON MENTORY

Different perspectiveson inventory management also cause the ideal stock levels to be
ambiguous.From a sales perspective high service levels are important. dllee department
wants to offer their clients the best service. Running out of stock is thusdasirable and
therefore seen from this perspective, high safety stocks seem a perfect solution and not a
problem. The management on the other hameéeds to satisfyseveraldifferent objectives
where customer service is being just one of thevtanagement often wants to reduceosts as
much as possible in order to generate more profit or be more competiti¥@intaining large
inventories costs money and consumes working caffit@ can also be appliefibr other means

Additionally an inventory manager also has another perspective on the matterinventory

manager responsible forpurchasing raw materialsnight for instance be evaluatedby his

superiorson the prices he paysfor purchased gooddn that case buying large quantity more

beneficial but additional stock might be the resulirom his own perspective he might judge

that the purchases are done perfectliput the stock levels might become too high and in the end

cost more moneyThere will always be tensions between differgrarspectives and therefore a
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3.3.4 STOCK LEVEL CALCULAON THEORIES

The strategy and business model require a specific service level and inventory management
strategy. Once these strategies are set, different kind of metrardsavailablgo calculate the
correct amount of stok for each item and theorrespondingorder-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 unnecessamdigtes costs, whilsbrdering

too late may cause a cain item to beome out of stock and may cause missed salés. point

at which is ordered isherefore most crucial in creating a good balancing between customer
satisfaction and excess inventory lev@igild, 2002)

Thesimplestway to manage a stock would be to use a minimum and maximum stock fevel.
minimum has to be set in order to create a buffer against ¥heiousuncertaintiesthat exist
(Coyle et al., 2003pns described earlier. A maximumsiat to ensure that not too much stock is
kept, because that would be unnecessa@nce 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 aractually delivered, therefore a review levelalso necessaryto
ensure that the stock will not fall under the minimum levéhe 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 lelfethe review level is
reached, itemsare ordereda due to the delay they will be delivered just at the point where the
stock level is at its minimunThe minimum stock is also refed to as safety stock. The safety
stock forms anultimate buffer to cope with uncertaintieqe.g. in delivery timesand 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 sock level and supply lead time, as described above.

24| INVENTORWIANAGEMENT



H “... Delivery : Delivery
- Py : *
i Supply :
lead time
H Use H
Delivery
quantity

= — e e c— — — ol c— a— e+ REView level

Quantitiy in stock

1 Safety stock

Time (Based on Wild, 2002)
FGUREB STOCKCONTROLS

This figure assumes a perfect periodical demand asthoothdecrease of stock; in practidhe
supply and demand will be irreguldf.the stock develops lik&igure8 depicts, it is easy tgee

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 teghes carthen be used
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guantities. To keep the stocks low, it can sometimes be useful to shorten the supply lead time
and order only small quantities at the timehi¥ tectic however requireshigher 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 stocker this
researchit will suffice to know how this process workand that safety stocks, supply lead times
and order quantities play an important role in managing optimal stock |le#d® originated
from MRP as mentioned in the previous chapter, and theeefaithin ERP optimal stock level
calculation algorithms are automateth this research only the performance (outcome) of such a
MRPRrun will be considered, but not a detailed description of how it works. The calculation
methods that are available to optiize forecasts are therefore not further investigated in more
detail, because it involves a wie different field of research which lies outside the scope.

Stock level calculation and forecasting ofien the first business process step in inventory
management. The next chaptevill analye all sequentialprocess steps and identifies where
potential benefits can be gained by using ERP to suppeentory managementThe aitomated
optimal stock level caldations withinERP, @lled MRFruns, are one exampleereof

3.4 WINDING UP

In this chapter the position and function of inventory management was describgéther with

the reasons why the focus is on this small part of logistics. It can be concludedptiagl
inventory management chases two goals: offering a high service level, against the lowest costs.
Different strategies exist which can influenttee balance othis dilemma, but in generdhese
targetsform the main goa of inventory managementfThisis necessary t&eep in mindn 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 theseageals

analygd in more detail. Also with the knowledge from the previous chaptgmssible ERP
benefitsare linkedto each process step.
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PART Il. ANALYSIS







4 PROCESS ANBPIYPOTHESIANALYSIS

At is absolutely essential that one should be neutral and not fall in love with the
hypothesig ¢ David Douglass

The previous two chapters provided background information. In this chapter this background
information isused to perform adetailed analysis of inventory managemerfirst the typical
business processes taking place at inventory managementaasdy®d and mapped This
mapping isthen used toformulate hypotheseson the possible contribution ERP might brirg t
inventory managementAlso thebusinessprocess step&dentified during the analysi®rm the

basis for the development of a performanoeasurementool later on.

Interviews conducted withthee experts (see Appendix A) provided important input for this
chapter.One interview was done with a logistics expert from KPBGlhoven to work out the
different business processes of inventory manageménsubsequent interviewvith a logistics

and SAP consultant from KPMG Den Haag was conducted to verify the identified process steps.
Finally during ahird interview with another SAP and logistics expert from KPMG Den Haag

well, the potential benefits of ERP concerning the é@miory management processvere
discussed. All threeterviews were semi structured: general questions formed the dagout

for these interviews The questions weremainly open and left room for additional discussion.

The first interview was really expbttive and therefore it wadeast structured. The process
identified during thignterview served as a basis for the second and third interview.

4.1 TYPICAL INVENTORY BUSESS PROCESSES

Within inventory management, several activities take pldearecastings the first activity that is
performed Forecasting is done based arders: both previous amounts ordered and on
(expected) upcoming ordef¥isser & Goor, 2004MRRparameters defined upfront decide the
levels for safety stockeview leveletc. The order historyfor example is used to calculate the
turnover rate which determines the poirat which one shoulghurchase new goods in ordéo
prevent out of stocksFurthermoreorders that are akady placed are also added to the forecast,
because for those orders materials have to be purchased for ceffamese parameters form the
inputs for the forecast calculationfhe forecast is used to decide whether goods have to be
purchased in order to coplement the stock to a secure levagain(Wild, 2002) How high this
secure level must be depends on varigasameters as the previous sectigmointed out.

If it turns out that the current stock is too low, compared to thdvice generated through
forecastng, goods arepurchasedto replenish stocks. At a certain moment thegeods are
receivedand arestored Upon receipt of goodggoodsare sometimesfirst temporarily stord in
quarantineto acclimatize for instance. Quantine is optional. Finally quality checkakes place
upon receipt of goods, after which the goods are stored.

In between during storage, stocks are sometinmegvedto other places. Finallgoods will be
issuedthat are going to be used either for a) eqations where the goods are being consumed
immediately (i.e. consumable)r 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, lcause the goods are necessary or reggito fulfil a certain order.

The above processteps areillustrated in Figure9 below; this image is based diterature,
expert interviews(as mentioned at the beginning of this chaptar)d personal experiences. All
the same, the processes displayed in this picture dolarge part match with what is being
described in literature (se@Vaters, 2003jor 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 optiofidie dark blue oval blocks repregen- and outputs.

By MRPparameters only the MRP dystem is referred to: MRP I, 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 foreasting, 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 applicationd{Appen
KPMG advisgrr009).Thepurchase step isnly consideredrery basicalthoughthere are various
theories about how purchase should be performed. In this case purchase will onbnbilered

as goods beingrdered how and when and according to wihstrategy is not taken into account
because that falls outside éhscope of inventory management and this researelirchase
strategies are not directly part of the operational process and are theraf@egurchase order is
displayed in another colour,itth a dotted arrow towards it, ifrigure9.

4.1.1 FORECASTING

In the above model forecasting is the first process step. The previous section showed the stock
level developrents over time. Forecasting is nhecessary to anticipate on what is coming in order
to maintain a continuous production or service level. Furthermore forecasting is closely related
to scheduling and plannin§gCoyle et al., 2003)Within the above process forecasting and
planning are considered one and the same procEssecasting is considered the most important
process, because this is where the real mooay beearned: if forecasts are wrong the stocks

will be too high, whiclcosts money or even worse if the stock become too low this may cause
problems at the distributionDistribution problems can eventually even cause a domino effect:
production stops and clients do not get their products. This would mean major loses ineéncom
The forecasting process is thus a very important process step in inventory management.

Forecasts are almost never perfect, because there gaeerallytoo many uncertainties that

need to be taken into account: it is not possibleit@orporateall these uncertainties ito the
forecast(Ploos van Amstel, 20Q8jorecasting over a shorter periodofien easier however and
therefore more accurate as welror instance Wwen daily forecasts are being dgremticipation

to sudden developments in the demandtan be much fasterSeveral 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.gichlsiata). 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 methodsecan

used: this incorporates forecasts generated subjectively by the forecaster. Some examples of
these methods include: executive opinion, market research and the Delphi mdiRed &
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Sanders, 2007Secondly quantitative foresting methods such as time series model and causal
models can be use(Reid & Sanders, 200 ausal models assume relations between different
variables which lead to the eventulaéhaviour Time series typically assume thattak 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 iofple 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 whatend 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 puaitiesdo

see whether the delivered quantity and price match. In ERPetleaiists 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 stdlze after transport or to acclimatize) before the quality is
being checkedBecauseghe quarantine processs optional this blockis dottedin 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 suppliadglitionally, 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 viakiey bestbefore

dates for instanceThe 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 sto& 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 thensy§tecayed 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 thereéonot only the stock levels should be kept

low, but also the number of movements as well.

ERP can be used to raahe monitor which amount (quantity and value) of a certain material is

in stock and at what location(s) it is stored. Also using the infion extracted fom ERP it is
possibletoanah® ¢ KA OK 3JI22Ra KIF @S | KAIK O0eodtsS G4AYS | yR
are thus not being used but do cost money/consume space and form a risk. For cheaper items

this is no problem, because theypresent 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 GOODSISSUE

Finally goods have to be issued, usually for two reasons: depending on the environment. In a
warehouse for example items may be pickedutil an order placed by a client. In a production
environment items are retrieved from stodecause they are required for production. The
environment is mostly determined by the basic structure, i.e. rakstock vs. mak¢o-order

for instance. When goods are retrieved from stock this is again registered (in ERP for instance)
together with thedate and amount that was taken from the stock. In an ERP environment the

31| INVENTORWMANAGEMENT



actual stock levels are immediately updated after the goods issued are scanned, registered or
written off in the system. Other departments can thereupon in +#ale see the newly
(changed) stock levels.

4.2 POTENTIALERPBENEFITS

ERP should in theory be abte improve the inventory process at several poirds the
conceptualization part of this research indicated earlier. E&Rlors claim that various
improvements in term®f efficiencyand process optimization are possiblhis section is aimed

at the identification of these benefits and locates them onto the business process depicted in
Figure9. Based oraninterviewwith a SARnd logistics expert from KPMG Den Haaganalysis

is performed as towards where the improvements of ERP within the above process can be found.
The intervew was semstructured: the process depicted Figure9 served as a basis and some
open questions with a lot of room for discussion formed the starting point ofrti@sting.

In total eleven potential benefits are identified and related to a process $fefow, Figurel0
shows the inventory processesmplemented withblue cirdes indicating at which points in this
process ERP is labto offer potentialimprovements A larger view of this same picture can be
found in Appendix BAIso the interrelated connections between different departments are
indicated with lightblue texts. Within an ERP environment the information between
departments can be shared ore easily through the centrabsl storage. The ligHtlue
connections indicate the points at which information is shared with other departmdaiRP
should be able to support thias well.
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FGURELO POTENTIAIEERPBENEFITS

Eleven points aréentified: 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) solutiontn most ERP packages thus advanced MRP capabilities are included.
According to what the ERFRendors claim, ERP software should be able to makees accurate
predictions, because of their years of experience with MRP algorithms and calculationsuélso d

to the link with finance and sales within ERP, the software is abkake more factors into
account, and as a consequende better forecastdased on previous saldsr instance as well

Using stand alone moduldgs perform MRRruns can bemore difficult because less external
factors can then be incorporated into the calculatioBRPvendors claim that their MRP
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solutions arestrength of ERP & well andmay offer significant benefits athe 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 vendmsd 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 1iyhen invoices hee to be paid which is the result of purchase
buying goodsPrice negotiations are incorporated in new orders and budgets immediately as
well. Due to the registration oflelivery times within the software it is also better to observe
whether the engagemeistare met. (see point 6).

3. Assign approveduppliers

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 migh 6S WI LILINE OSRQ 06SOlFdzaS (GKSe KIF @S LINROSY
delivery of their productsAssigning approvegupplierswithin ERP therefordorms an easy
control to manage quality and budgets. Within ERP apprawgaplierscan be configurecnd
sharad amongst other departments (see point 11 as wejllit simply. It is useful to assign
approvedsuppliersfor preselectingsuppliersthat are reliable. It can concern a financial matter:

for example only a fewuppliersmight be approved, becaudgmance made contracts with those
parties in order to bargain for discounts. Also only a selected groupuppliersmay be
approved, due to quality restrictions.

4. Advanced budget control

Within ERP it is possible to create hard restrictions concernindptiggets. This is not a unique
characteristic, but when these restrictions areadein 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 necessaoydreate a hard restriction in the softwaraithin ERP

this can be managed easily.

5. Threeway-match

The so called thregrvay-match is a strong characteristic of ERP where the integration of different
departments becomes very clear. The thhway-match is acheck 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 donby the supplier and the invoice thesupplier sends
accordingly. If this information is stored across different software packages, it can be more
difficult to match this informatior(see point 11 as wel§nd in the most inconvenient case these
checks havé¢o take place by hand. ERP can imprawnel automaté this because it is possible to
monitor the whole process from ordering to delivery to the paymgmally.

6. Supplierreliability 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 dategsod measure of the
supplier reliability. This informationcan be usedvhen selectingsupplier In some cases the
delivery times might be very critical and a good history of eagbplieris than useful to select

the ones that have proven to be reliable.

"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 needeal 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
inventoryand cannot be used for other purposes).

8. Dead stock visibility
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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. Lesswvastethrough better information

If the expiration date of certain goods is passed, these goods have to be thrown away and this is
a waste of product 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 mbtwtoring 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 mond3ecause of better managing the information around

the inventory, the waste of goods due expiraton can be prevented. Staralone 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 handlingrush orders

Before implementing ERP, first the processes takingepleve to be analgsl, 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 possibies tothe 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 environmentAlso hie number of orders that classify as rush orders can be reduced,
becausedue to the optimigd 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 stdr centrally in ERP softwareithin SAP this
information iscalled 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 iad 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 féwpothesedor the potential performance
improvements caused by ERP, towards inventory managenientase an ERP application is
used, better performances shoulelventuallybe visible at the identified process stefhs order to
test these hypothesesa suitabletechnique needs to beselectedfirst: this is done in the next
chapter. Thereupon he selected performance measurement techniquedéscribedin more
detail and used to develop aneasurementframework The framework isised intwo case
studies in order to evahte both the framework and th@bovehypotheses
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5 PERFORMANCHEMEASUREMENT ECHNIQUES

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

The aimof this research is to measusnd compare theperformancebetween two situationsin
order to evaluate thepotential benefitsgained by ERMentified in the previous chapteGeveral
methods exist toperform performance measuremerdnd therefore thischapter provides an
overview of he different, most commonly usedmethods available. A suitable method is
selectedin the end which will be usedor development of the frameworlafterwards The
arguments for choosing specific method will be described avell.

5.1 DIFFERENTAPPROACHES

To be successful in the long ruevery organisationneeds a clear and expliciision 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 Tlsvisionforms

the basis for development of thetrategy and objective®f the organisation The strategyis
subsequently translat to the bwer levels of theorganisation examples areunit plans,
budgets, and operational action plands described in section 3.2.1, the objectives of good
inventory management are twofold: namely offering a good service level against the lowest
possble costs.Measuringreliable and adequatgerformanceis critical for steering, business
success and achieving the go@dgy. like the two mentioned above for inventory management)
in the end(Fawcett et al., 2007Measuringperformance is alsa usefulmeanswhen evaluating
certain changes made to the business (e.g. RR Enplementation for example).

To make good performance measurement for inventory management possible a good
measurement technique has to be found firkiteratureis consulted to create an overview of

the most commonly usedtechniques ®&ailable to measure performance. The following
techniquesare found: Key performance indicators (KPIs), Balanced scorecard (BSC), Return on
investment (ROI), Net present lue (NPV) and Critical Success Factors (CBFsh these
methods KPlgre selected, because they atmsicallykey to most of the other measurement
techniques as well, as will be explainddring the following sectionsEach method is shortly
discussed ireach of the following sections. From these sections it also follows whyakdPtee

most suitable measure to use in this case.

5.1.1 KEY PERFORMANCE INDACORS

Key Performance Indicator&RI$ are quantifiable measurements, agreed to beforehand, that
reflect the critical sucess factors of arrganisation KPIs are quantifiable metrics which are
usually defined and measured over a period of time or during a specific time int&RE.were
first introduced in 1961 by D. Ronald Daniel and Jack F. RogKé&Rmostly satisfies the SMART
principle,therefore a KPiustbe: Specific, Measurable, Attainable, Relevant and Firmend.

KPIs can be of totally different nature, for instance financgacid-, production and innovation

KPIs existsKPlscan differ very muchdepending on thetype of organisation department or
industry that is looked atSome KPIs are however more general than others and are used in most
organisations total expenses and revenues are an example hereof. But a call céatne]ing
Odzai2YSNR&a ljdzSadAaz2yas YlIeée KIS RSOAlLyd YtLa
within the first minute needto be monitored to measure the quality offered by the call centre.

In inventory management the total valwé# items held irstock is an important measure, because
this is related to working capital and storage costs which are very important as weashev.

KPlsare very usefulmeasures for ERP: KRjenerate the input for ERP softwarBased on the
measured inputs, statistics and management repams generated.KPIghus basically form the
basis of ERP systems, because they determine what theutput will be (Pairat &
Jungthirapanich, 2005ERP softwarencluding the inventory management module for example
holds information about the whereabouts of materials. Based onrdggsteredinformation, ERP
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can subsequently support the generation of management reports which provides an overview of
the performane scored on different criteriaThis wayKPls are a helpful means for an
organisationto define and measure progress toward orgaational goalsin logistics most of the
measurement is done using KPIs as wé&lls are thgeneral standardThe Supply Cha Council
(SCC) constructed a descriptive reference framework c&@l€ORhat uses KPIs as well for

instance(SCC, 2006)
5.1.2 BALANCED SCORECARD RROACH

The Balanced Scorecar(BSC) is a performance management tool that is able to measure
whether the smalleiscale operational activities of a company are aligned with the lasgale
objectives in terms of vision and strategyhe BSQperformance measurement techniqusas

first published in 199ZKaplan & Norton, 1992Kaplan and Norton introduced this methothe
balanced scorecard method is typically designed to monitor business procé®sssmann &
Wiese, 1999)Kaplan and Norton(1992) developed the balanced scorecard technique as a
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principle based on KPIs as well. The only differehosvever is that the BS@ethod adds
something new to it, namelyour different categoried perspectivesto classify the KPIs in
(Kaplan & Norton, 1992These éur perspectivesire as follows

1 Financiglcost)

T  Customer

1 Internal processes

1 Innovation and learning

The BSC is used to represdth
financial and nonfinancial PKIs in afSmnL
userfriendly format (Waal, 2002)
The ideaof this scorecard is that all
perspectives have to be taken into
account and therefore the general
performance measurement will be
Wwol 1 yOSRQ ol YR
for example) Although they present
different categories that could be
measured, the userBave to decide
amongst themselves what they find
important and where they want to
keep track of.

To achieve our
vision, how should
we appear to our
customers?

y2i

5.1.3 RETURN ON INVESTMENT

Objectives

FINANCIAL

To succeed
financially,

how should

we appear to

our shareholders?

'S

VISION
AND
STRATEGY

LEARNING AND
G2OWTH

To achieve our

vision, how will
we sustain our

INTERNAL BUSINESS
PROCESS

To satisfy our
shareholders and

QObjectives

customers, what
business processes
must we excel at?

ability to change

and improve?

Learncom

FHGUREL1 BALANCEISCORECAROQVERVIEW

A less balanced methotb measue business performance is the return on investment (ROI)
method. This method is also referred to as raiereturn, 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 fractiggn. G KS S| NI &

M P H

DuPont and GeneraMotors first introduced decentralésl divisional structures with profit
centres. As support for these reorgdnili A 2 y &
ROI concep{Goor & Weijers, 1998)The management was noelso held responsible for the
achievement of budgeted ROI and therefore they could no longer only focus on measures of
margin and net incomgWaal, 2002) There is however common academic agreement that
measurement 6ROI only is insufficierflones, 2009)Current literaturetends toward the use of

both qualitative and quantitative variablg¢®vaal, 2002)

5.1.4 NET PRESENT VALUE
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A variantrelatedto ROJ isthe Net Present Valu¢gNPV) calculation techniqué&his is sometimes
mentioned as a performance measutechniqueas well, althougiNPV is not very suitable to
continuously monitorperformance.NPV is also a sole financial measW@.V is used to value
what a progct is worth if future incomes and expenses are translated to current tiogure
incomes and expenses are basically return on investments. These R@istiarated for each
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year the project will be running, and accordingly they digcounted to the cuent time and
summedup, resulting in a single value: tiNet PresentValue.NPV is generally used to compare
the financial performance obne project to another beforehand: the project with the highest
NPV value will be the more beneficial oimethe end NPV is thus not very usable foontinuous
monitoring, because than ROl would be more suitaBlecause of the prospective nature of this
method, NPV is more useful to measure the expected performance of an upcoming project.

5.1.5 CRITICALSUCCESS FACTORS

A perbrmance measurementechnique that is different from the above methods is t@eitical
QuccessFactors (CSF) techniqueCSFs were first described in a study in 188% means to
improve management contro{Waal, 2002) CSE are qualitative goals or measures which an
organisationwants to achieveA good definition provided by Rockat986)states that ¢ / { C a
are the limited number of areas in which satisfactory results will ensure ssitteompetitive
performance for the individual, department arganisation CSFs are the few key areas where
things must go riglfor the business to flourish and for theanager's goals to be attainédn
accordance with CSFs, also Critical FailuctoFs (CFF) can be defined, which logically form the
opposite of CSH®airat & Jungthirapanich, 2009 critical success factor dfferent from a KPI

in the sense that it is qualitativeaCSFs are vital elements or goalsd@trategy 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 goakample of the distinction
betweenCSFs and KPIs:

KPI =number of times the server is unreachable (measurable)
CSF = Appointment of an chief information officer to better incorporaténtBrests into
managementtarget/goal)

A critical success factor is thus something that needs to Ipéace to achieve a certawbjective;
in this case for example a CIO 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 Refenedet is a very common

used performance benchmark technique in logistics. SCOR is a product of the-Chaiply
Council(SCC, 2006 5COR is the industry stiard for benchmarking entire supply chains. The
SCC is an independent, nprofit, global corporation with membership open to all companies

and organisationdnterested in applying and advancing supphain management systems and
practices. The SCaORodef  OF LJGidzNBa GKS / 2dzyOAft Qa O2yaSyadza JA
The SCORamework 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. SC@® takes a very broad perspective and focuses on the whole supply (8@@y 2006)
SCOR explicitly takes a very broad perspective and therefore does not provide a detailed view on
inventory management, because that is only ameall aspect within the whole supply chain (and

i KS {frmewnik). 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,ite SCOR model is too high level.

5.2 METHODSELECTION

Basically incomes and expensed are actubbith (financial) KPIs; the return on investment

method is thus also based on the KPI measurement technique. Thefefoteand NPV can thus

both be related back twards KPIs. Thdisadvantage of ROl and NPV is thgirely financial

nature; this is too limited to measure the performan@i€leijnen & Smits, 2003)Gunasekaran et

al., 2001) Theory also suggest that the use of both financial and nonfinancial performance
YSIF&ad2NBa A& 60SGGSNE 06SOFdzaS Al Aa Y2KRBerety fAYyS 4
al., 2007) The BSC tries to solve thisilateral (financial) viewby introducing a framework in

which different categories have to be considered. The BSC is howeventir@ly new, because

it just uses KPlas well, onlythis timethey are arranged in different categories. We have seen

that CSF (an@FF)s alsoa well known method to measure performance. However becahse
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method isonly qualitativeit is less applicable in thisase, because quantified results are key to
this researchWe have seen that SCOR is a logistics benchmarking todkthlaeady 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 fovéntory management needs to be made

to correctly let the measurement model correspond with the focus of this research.

5.2.1 CoNcLUSIONKPIs

The best suitable methodbr this research which provides quantifiablemeasures on various
criteria, isthus Key Performance Indicatos.categorization that fits theventory environment
can be choserfreely with KPIswhich is ide&(in this case)All other methods discussed above
(expectCSF) are based on KPlIs.

Neely (2003) also mentions more recent performance measurement systems, like the
performance prism, economic value added (also known as economic profit), abiggd
costing and seldssessment techniques. The performance prism is again based on &s3ifiec

in different categories, only this time even all stakeholdare incorporated Finally, €onomic
value addedand activitybased costing aragainmeasuressolely based onfinancialKPIs. KPls
thus clearly form the basis fa great deal ofjuantified performance measurement systerit
comes as no surprise then that KPIs algoused to measure performances in logistics as well
and are everadopted as the standardn SCOR, which is the reference model used in logistics
(SCC, 2006)sing KPls in this research therefore nicely fitsttr@ 3 A statndiar® aswell.

5.2.2 LIMITATIONS TOKPIs

There are several limitations to the selected method thave to be taken into accounkirst of

all KPIs can be hard to measure in some caftebas to be clearly defined what is exactly
measured and how this should be measured exadthjs limitation is however generic to most
measurement techniques and is therefore not a limitation that is specifikKPIs. Selecting
another method will therefore not solve this limitatioAdditionally KPIs have to be defined
unambiguousy, to prevent that the wrong thing are eventuallyneasured Measuring the wrong
things will in the end also genate the wrong resits as well. This statement does however also
hold for any measurement technique and is not only a limitation of.KPIs

A second limitation to KPlIs is that thegn be chosen freely which may caaskack of coherence
between KPIgKaplan & Norton, 1992)This is issués addressed by the balanced scorecard.
Because KPIs are chosen freely and can be classified in any possible way, tifiisnmap
additional point for discussionOn the other handthe unbound characterof KPIsmay also
provide benefits, because no predefined structure has to be followed and therefdyerelevant
KPIs can be used.

Finally it can beindesirableto measure KPIs for several reasodgasuring 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 create®r monitoring and steering a certain process. KPIs must

contribute to gain more control and thertore better output in the end, otherwise measuring

KPIs is useles#leasuring KPIs can also be undesirable because it stianplate the wrong

behaviour (de Bruijn, 2008) De Bruijn(2008) mentions the example of universities, where
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canform an incentive to add eac (i K $ad@ &n publicationsln this way KPIs may lead to

undesired behaviour.This linitation however is not specific to KPIs; other performance
measurement techniguealsofacethese issues

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

The nextsection describes the KPIs in more detail, together with their relation to ERP.
Additionally KPlasefulto inventory management are presented.
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5.3 KEYPERFORMANCHNDICATORS

To measure performancet is necessary to know first what should be measured or what is
relevant measuring: therefore corresponding KRised to beidentified. Additionally it is
necessary to know how these KPIs will have to be measured in prdnttbe following sections
KP$ will be explainedhortly, next dist of KPIs useful to invesry managment is put together
andit is described how the scoping of this list is done to selectitbst important ones.

5.3.1 KPIs ANDERP

KPIs are measures or metrics used to help an organisation define and evaluategesfoiins

Key Performance Indicatorseflect organsational goals. A KPI typically does have to be
quantifiable in some way. KPIs are a suitable means for measuring both financial and non
financial performance of an organisatioBome measures are easy to define, like costs for
example. Othg nonquantifiable measures, like customsatisfaction for example are far more
difficult to measure.

ERP is able to capture data of financial and nonfinancial naffer et al., 2007) both
measures are of importancéSedera et al.,, 2001)(Kaplan & Norton, 1992)KPIs can
automatically be calculated using information already available witlire software. Some
measures are however more difficult to measuceistomer satisfaction for exampl@he input

for ERPsoftware, usually concerns KPIs as wW€PIs are thus strongly related to ERP because
they provide the input for ERP packages, as well as the output.

5.3.2 RELEVANTMETRICS

KPlgelevant forinventory managerant are collected(See Appendig). Literature research was
doneand alonglist of KPIswvas put together As Gunasekaran et §2001)indicate, metrics can
be identified on different levels: strategic (lotgrm), tactic (midterm) and operational (shott
term). The focus of this research in on the development of-t@Ifor measuring operational
performances and therefore only operatial metrics were collectedVarious sources of
literature were consulted in order tgain as much information as possible and make eross
validation checks possible (data triangulation, $Penzin, 1978) An overview of all t metrics
that were collected from various sources of literature gresented inAppendixC. this appendix
also showshe sourcesvhere theseKPlsvere found.

AppendixC is far from exhaustivelt would beimpossible to create ra exhaustive overview,
because the number of possible measures can be almost lim{fiesscett et al., 2007)and one
would have to read all literature on this topic to collect all metridswever familiarities can be
seen betveen thesesevendifferent sources of literaturealready Due to these similarities it is
not interesting to search any further, because that would most probabily show more
overlappingKPlsand would presumably not provide much different or new inputdso the list
consists of nearly one hundredPlswhich seemsufficient to select the most importantnes
from.

The scoping of this list is done using the inventory process overview depidiaglire9: the KPlIs
on this longlist are mapped to the different process steps. The lbsigshows overlap, which
was logically eliminated when selectik@Plsfor each process. AlsdPlIsthat are mertioned by
several authors were selected more easily because of their appearance in various literatures it is
assumed that they are therefore more comnigised and are thus more important to measure.
Furthermore based on literature and knowledge gatherédotigh expert interviewgtwo SAP
experts from KPMG and periodical meetings with the supervisbesless familiakPlsvere also
screened Also expert judgment was necessary to identify KPIs that are missing on thilistong
Finally based on literatureown intuition andexpertjudgements to evaluatéhe outcomes of
that, a perfamance measurement framework designed. The ext chapterelaborates on the
designing and the resultingafmework
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| 6 PERFORMANCBMEASUREMENTRAMEWORK
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After selecting a suitable method and identifying relevant metfiasinventory managemenin
the previous part, tie knowledgethat was acquireds now used to design a framework in this
section.The framework represents a theoreticakw on reality. In this case the framework is a
combination of the business processes identified earlier dredPimethod applied to that. The
framework is a useful tool which provides a structured way of measuliagerformanceof
inventory managementBased on the processteps taking place at inventory management,
depicted inFigure9 and the KPIs that were identified and scopesl describedn the previous
chapter, the framework isdesignedas a combination of thoselrhe frameworkoffers a useful
tool to measurehow well the inventory processes are managéte framework indicates what
to measure and compard one would like to benchmark several situatiodgcording to the
hypotheses described in Chapter 4 (and shownFigure 10) different performances are
expected.

The final frameworkis presented belowin Figure12 which is the resit of literature review,
scopingKP$ and expert judgemer&f. AppendixD presents thefinal framework in more detail,
with a detailed description of each KPI

( 2\
2\
V/ Optimal Inventory Management \
[ Appropriate service level ] Vs [ Optimal (investment) cost control ]
/
N s
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
Forecasting accuracy Supplier on time deliveries ;x?;;ﬁ%bgﬁ:g?y Order issue time
Forecasting interval S\l;p"!:'e' :.00 late del{vﬁrles Inventory turnover Goods issued on time
Order lead time erfication mismatches Number of days inventory Goods issued too late
KPIs Order cycle time § . Stockouts. Order fill rate
Frequency of deliven Quality rejections Safety stock usage Rush orders
mber of supplier-contragts Incompéeetleu ?g%’?&:fdmns Overstocking
Budget;verruns Approved orders Scap percentage I
MRP-parameters Forecasting/ -
g Purchase #r Goods receipt ality Check H» Record Sock Move Goods Issue Distribute
Ha"nmg : S
Forecasting Purchase Goods receipt Storage Goods issue

General KPIs

Total trade value Labour Number of different items in stock
Inventory value Labour Percentage Number of storage locations

FHGUREL2 INVENTORPERFORMANCIK EASUREMENFRAMEWORK

The dark blue oval blocks representamd outputs. The MRP input in this case concerns only the
Material Requirements Planning (MRP) and not the Manufacturing Resources Planning (MRP 1)
which incorporates human and machinery capacities as well. Thebdison 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 process within each main process one or more processes
take place which are displayed in orange. The quarantine process has a ditfelemt because

this process step is optional.

The framework can be viewed tatpwn or bottom up. At the top of the framewk 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 dajeetp in this field (or still do).
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management of the inventory can be subdivided into t@ob)goals. The first goal is to fulfil a
good service level. Typically mostganisationscamot 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. 8condly inventory management aims to keep their (investment) costs in
control. Of course if a yeaupply 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 meudtibefore

(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 foundweetn the desired service level and the
related costs.The dilemma between service level and (investment) costs is also underlined in
literature by Reid & Sande(2007)for example, and also by others lik¢/ild, 2002)and (Dijk et

al., 2007) Often a third goal is mentioned as well, namely the operating costs of inventory which
includes costs of buildingpersonnelcosts andenergy costs for exampl&his is onlynarginally
included in the frameworki.g. only the number ofpersonnelis included, because this third
goals isfar lessdirectly related to the performance of inventory managemeartd concerns
secondary performance metrics which are not related to the operational prodéss thirdgoal
therefore does not haveany impact on physical operations and it is thus unnecessary to include
in this model

Following the topdown view, and ging from the subgoals downwards to the bottom of the
model, the next thing that is presenteate the process steps$n order to achievahe goals on
top of the model,each processtep has to perform wellOn top of this, he framework indicates
which ofthe two goals the focus within each processtep; the next section elaborates on this.
The inventory processteps(whichwere found during the analysis in Chapterate depictedat
the bottom. Attached to each process step, the relevametrics (KPIs) are indicated.here are
alsometrics that are more general and cannot be attached to a specific processFstefhese
KPIs a separate level is introduced in which the gemasdticsof importance are listedin the
framework this is depictetly a separate layer in the backgrouncbvering all activities.

By following the above approach, not only one specific part of inventory management is taken
into account, but the whole process from forecastingdliverance of goods. This is necessary,
because the uncertainties discussed earl{er section3.2.3)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 activitieswhich makes thisa more valuableframewak. Also different
perspectives are taken into account loycorporating various process step8s mentioned in
section 3.3.3 different ideas aboubventory management may exist and someone at the
warehouse may have totally different goals than the peogiidorecastingFor this reasons the
model incorporates KPIs frotine whole process and as a consequence all actors along this
process are represented as wels a result the framwork offers a complete picture which
enables the users to see or investigahe coherence between different activities or alterations

to the process (e.g. using optimizations or new technologi&sjs framework is typically
designed to monitor operational metrics on weekly or monthly basis. A more strategic or tactical
level cauld 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 incorporatedAs mentionedin Chapter 3 uncertainties play an important role in
inventory managementBoth external and internal causes of uncertainty gldobe taken into
account;therefore for some of theKPIst is difficult to link them to the performance of internal
processs. These metrics are however important indicators to look at if operations are not
running smoothly: external factors may form ause of that andhen it is very useful to have
metricsthat give insight in those external caus&sie 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.
Dependeng do existsbetween the different processes, as the following sections will describe.

Problems at the forecasting can lead to too much stocktoor little stock according to the
direction of thebias. 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 tstockouts at the warehouseand that will affect the ervice

level negativelyHere the dependency between operations is immediately visible. The other way
around, delivery times are incorporated in the forecéstcope with the latency of delivery and

in that way forecasting is influenced as well.

At the puchase 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 nustert to increase. If

the order lead times and order cycle times drereasing, it may mean thahe goods are
delivered later and the stock is already depleted. Thasdricsare therefore strongly related to

the offering of a good service level, whereas budget overruns and the number of wendor
contracts have more to do with costBurchase thus corens both goals as is depicted in the
framework.

At the goods receipt process step all metrarge concerned with theservice levekeventually.
Whether goods are being delivered on time and in good quality are the main drivers here.
Monitoring of supplie performance is indirectly done by monitoring time and too late
deliveries andthe 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 i
bad it could indicate a cause of bad service levels as well.

The metrics related to storage are almost all concerned with c@tdy the number of days of
inventory and the number of stock outs are metrics influencing the service level, all others
coneern costs. Although two metrics influence the service level in the end, the main focus still is
on cost control at tis process step. The metrics at this procelssuld together indicate whether

the amount of stock that is kept, is efficieftor instance the number of stock outs should not be
to high (actually zero), whereas the total stock valaeerage inventoryand the number of days

of inventorywhich might prevent stock outs if they show higher valus®uld not be too high

on the othe hand as wellAdditionally the safety stock should be used occasionally, because if it
is never used that might point to overstockiriginally if products have to be scrapped this is a
waste of capital and generates undesired costs. The metrics atrbiegs step are however less
related to other process steps and are thus independent.

In the final processtep, the goods issuing part, the focus is on offering a good service towards
the client. Actually this is the only focus of this process st&pder issue times indicate how
long it takes to delivea product that was ordered by the client. Furthermore it is interesting to
monitor what orders are on time and what orders aretate or incomplete (i.e. order fill rate).
The rush order metric has 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 MEASURINGHYPOTHESES

In Chapter 4hypothess are formulated. The same process steps aegain used in the
framework.In order to measure and evaluatbe identified hypothegsthe KPIs shown in the
framework should match in a sense that by measuring a certaisdffthing can be said about
the validity of the hypothesisNext will be explaiad how the selected KPIs match withe
evaluation of each hypothesis idefie¢d earlier:

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

Through measuring thdorecasting accuracyhe improvements at this point can be made

visible. According to ik hypothesis, ERP software hastomated MRP functionalitieswhich

should result in better forecastand planningthe accuracy which compares the forecast to the

actual demanch measure to evaluate how the forecastbgNP2 OSa a4 Q LISNF2NX I yOS A a
worsening)

2. Purchase: Vendor contracting registration

Better vendor contracting should result in a structured way of dealing with contracts. As a
consequencdewer faults can be made and therefore the ordagiprocess is running smoother.
Theorder leadtimesin this case should improve as a consequerdsolesspersonneis needed
becausevendor contracting igixed within the systenwhich should reducehe amount of work
(register vendors looking up contracts and prices etcAlso if all vendors ae registered
correctly andin the same waythe number of suppliecontractscan be reduced. This because
correct and centralisd registration creates more insight in the active contrastd this prevents
redundant activities from occurring.

3. PurchaseAssign approved vendors

The number of contractsmight be reduced because only a selected grogpn be used. The
quality, completenesandon time delivery of ordershould improve as well. Only a few vendors
which proved to be reliablen the abovecriteria are approved and therefore these metrics
should improve as well.

4. Purchase: Advanced Budget control

Because budget overrun restrictions can be build in ERPuh#er of budgebverrunsshould
decrease.

5. Goods receipt: Threaray-match (between purhase, goods receipt and invoices)

Because the thregvay-match can be performed automatically withiERP there should Hewer

mistakes at this point. This improvement shouleéeld an increasechumber of verification
mismatchesand therefore fewempersonnéas a consequence, because much mege bedone

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 inforntian can be used in price negotiatiofa example Also f a vendorfor
instancefails to deliver good quality or quantity productsr deliveries frequently arrive too late,
these failures can also be discussed and are grounded by the collectedAdatiaconsequence
vendor reliability monitoring should eventually lead to betten time delivery less quality
rejectionsand lessncomplete orders

7. Storage: Inventory turnover visibility

Within ERP it is much easier to calculate turnover rates, becaliseformation needed is
availablein real time. In theory the turnover can thus be better monitored which should result in
smallersafety stock&nd therefore les@verstocking If the turnoverrate is very low, there does
not need to be a very large amnt in stockand the average stockand number of days of
inventorycan be lower.

8. Storage: Dead stock visibility

This point of improvement is strongly related to the previous pdagcause ERP provides better
insight in the turnover rates, it is easier identify dead stocks. Dead staclre actually stocks
that are constantly overstockedstock is kept that does not need to be thel®emoving or
lowering this stocleventuallyalsoshould lowerthe total stock value
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9. Storage: Less scrap due to betieformation
Less scrap can easily be measured by looking adiep percentagewith ERP this value should
decrease.

10. Goods Issue: Better handling rush orders

Lessrush orderscould bea result, because of the optingd processes (within the software). But
In the end better handling of rush ordersight especiallybe seen in thenumber of personnel
that is needed. If it is difficult to process a rush ordeither more people are needed or the
processes should be arrgad otherwise to cope withthis. Wih ERP the processe=san be
optimised, which should eventually result in a lower requirement of peapliéeory.

11. General: Less faults due to master data

In general thishypothesisstatesthat there might be fewer faults, because all data is stored
centrally.Most of the timefaults have to be corrected manually.there are less faudtit seems
logical that als@ decreasechumber ofpersonneisrequired

In the nextchapterthe two case studies are descrihethe case studies are used to evalutte
designed framework and test thgiven hypothesesas an illustration that the designed
framework actually works in practice.
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7 DESIGN TESTING

"Inventories can be managed, bpgople must be ledt Ross Perot

The framework presented in the previous chapter is mainly based on literature and expert
interviews. This chaptettests the framework on its applicabilitgnd practical valueln order to
do this three experts reflectd on the framework and additionaliyvo case studies ardone.

With the two case studies a first attempt is made teflect on the hypotheses andee what
improvements ERP might brilgimultaneously the framework is tested on applicability

7.1 EXPERTJUDGMENT

Fourexperts10 with experience in the field of logistics/inventory management and ERP reflect

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 ratelkiRés 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 arelaborated

All of the KPlIs in the modate considerediseful. No single KPI was scored with 0% by any of the
experts, which was an option. The average inventegeivedthe lowest score, but this is also
the result of many KPIseingin the same category: as a ceugsience the percentages per KPI
are lower because 100% th¢o be divided over more KPIs general the experts agreed that the
model seemed correct. There were however a few small comments:

Mr. Hoogewerfcommented that some KPIs are actually the samerdfore only one of the two
should be measured. For instance thember of orders too lateneasures the same as the
number of orders received on timaly seen from the other side. If only one KPI would be
measured this reduces the number of KPIs. Thislidation 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 nedds very suitable for the monitoring of inventory
YEYyF3SYSyidQa LISNF2NXIFyOS 2y |y 2LSNIGA2YIf
actually only represents the operational level and therefore might be extended in the future with
a more strategic dshboard, 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
suppler). 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 perforrmameasurement 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 environmentstishould not be very difficult, because a query has to be
built once, but in a less integrated environment the calculation of this many KPIs 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 40TGP
selected, including the ten KPlIs thrateivedthe highest percentages: in practice this meant 25%
or highlelr which then resulted in a te}0 list. The TORO of most imporant KPIgan be found in
Table2™.

Oy, Jacqueline Rutten (Consulteatt KPMG IT AdvisoryPrs. ing. Frederik Kooist(€onsultantat KPMG IT
Advisory); Ramon Hoogewerf, MBA (ManagéerkPMG ITAdvisory); Jhr. DWalther Ploos van Amstel
(Senior Logistics Consultaat TNO Mobiliteit en Logistigk

" The KPIs are presented arranged by the process steps. The order of importance is therefore random, for
more details on the exact importance efch KPI, see Appendix F.
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TABLE2 TOR10MOST IMPORTANKPE

Process step KPI Number KPI description
Forecasting 7 Forecastingiccuracy
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

Thesetop-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 stappléBgenting

the above KPIs, several guigins can be gained in performance measureménis remarkable

that there are no KPIs from storage in this T{Pwhich 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 thereferit is logical that no KPIs from storage are seen in the
above table.

7.2 CASE STUDIES

Besides theexpert judgment, als@ase studiesvere performed at wo different hospitals in the
Netherlands. First the type of industry will be described shortly. Nexsttumtions 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 twodpitals. Althoughwith inventory managementone
would probably think of production companies at first, inventory management is an important
topic in hospitals as well. Traditionally production companies are the classic exammilest
literature and bookssee(Visser & Goor, 2004)Wild, 2002) (Reid & Sanders, 200&hd others

This comes as no surprise, becauB&P originated from production:the planning and
coordination of resources angroduction Nevertheless hospitasre chosen, because logistics in
this industryare 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 qualgywise level as wellFluent
Zorgadvies, 2009]Ede, 20092)The Dutch governmentintroduced a new health care systeim

the Netherlandswhich is aimed at stimulation of moreompetition in this marke{Ede, 2009)
(NVZ, 2006)Hospitals aretherefore aiming to become morefficient and focusas much as
possibleon their core businesgNVZ, 2006)Due to the introduction of more competition,
hospitals aim to offer higher servisagainst the lowespossiblecosts Optimization of processes

is a meansto reduce costs and offer more efficient services to their clients. In order to reduce
costsalso optimalinventory managementnd logisticsoperations should be in plac&tudies
estimatethat small changes in inventory management, purchase and logcsiidd theoretically
easily yield hundred millions of Euros per yébivZ, 2006 TPG, 2004)The importance of good
inventory management igrowing due to the increased pressure on pricé4thin the health

care industry, quality is very important and therefore a high service level @lysxpected from

the logistics departmentAt first (beforethe competition) the availability of goods wdsund

more important than efficiency and therefore overstocking was not seen as a problem
(Logistiek.nl, 2009)nventory managers were evaluated on the number of goods thay were

not able to deliver from their stocksThis stimulated the behavior of ordering too many goods
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instead of an efficient amountiospitals are movingway from thisprinciple and are currently
more focused on optimization of processes.

Most hospitas are looking forcost optimizationsand service level improvementEl is a means

to achievethese goals(Fluent Zorgadvies, 20Q9Becausemost hospitals have startedo
embrace more and more IT in thedrganisationsonly the last decadethere are still many
differencesamong hospitalsThis makes the hospitaldustry perfectly suitable to evaluate the
impact of ERP. Among hospitals (especially the regional ones} #re 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 hospitalBasicallyhree types of hospital&xist

1 General hospitalgreat various kinds of diseases and have various different kinds of
departments.

1 Academichospitals(or university hospitalsalso treat various kinds of diseases and have
many differentspecialties. Thelifference with general hospitals is that they are linked to a
medical school and therefore combine nursing with teaching to medical students.

1 Specialisd hospitalsfocus on a specific audience.g. aOKA t RNy Qa K2aLAdlto 2
specific medical neds (dermatologyis a good example hereof)

Both hospitals used as a case study are located in the Netherland$a@hdhospitalsare
classified as general hospitdls this case The operation excellence strategy dominating at
both hospitaléz. Bothhospitals aim to provide good care against low costs. Their aim is not to
see peoplecomingback, 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 crucepftient

and therefore inventory service levels play an important role in theganisations

Using interviewswith purchasers and logistics managdbe results from the hospitals are
acquired andcompared subsequentlysing attern matching At both hospitals a purchasing
agent and a logistics manager were interviewed. The framework served as a basis, but the
interviews were semstructured: there was a lot of room for the interviewees to tell their own
story about what is going on at their departmeriduring the interviews the KPFom the
framework were discussed and measured if possible and assessed otherwise. Next to interviews,
pattern matching is used as qualitative method to structurethe processes oboth cases and

see whether inventory management is done entirely diffaravhen ERP is applied, or not.
Furthermore quantitative pattern matching is performed on theorporate datathat is
calculated, following the KPlIs identified in the framewdfkdata about a specific metriwas not

at hand an expert assessed the valies good as possible (occasionally by consulting other
employees in theorganisationtoo). The next two sections describe tlmeitcomesfound at the

two case studies

7.2.2 HOosPITALA: NON-ERP

The first hospital that isesearchedis a medium sized hospitalith around 390 beds. The
hospital couned around 1500 employeesof m n n n  iffthisSc@se in total, and about 120
specialistsn 2008 The hospital is growing rapidly: typically-18% pe year.The hospital has
one building, located near the city centre. Inventory is kept within the building at two
warehousesiext to each other: the sterile goods are keygtparatefor the nonsterile gads.

Inventory management forms a part of thurchae & Logisticsdepartment. This department is
responsible for the transportatioand (partly) deliveranceof all good, except food and persons,
required for normal business operationgithin the hospital. Their aim typically is to reach a
service levelwnhich is as high as possibleecause especially a high quality of service is very
important within a hospital The service level includes on time delivery of orders and the
completenes®f these ordergcorrect order fulfilment)

12 53¢ section 3.3.1 for more details
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At Hospital Athe software that is currently used to suppothe warehouse and purchase
departmentis calledVila,which isprovided by Getronics. The financial department however uses
SAPCO and SAP MHinancial aspects are therefore not integrated in the same software package
and are dealt with separately in another packadée implementation of SAFI/COon the
financial department was only done recently. Due to this development and Vila no longer being
supported, Hbspital A now stands for the decisiomvhether to proceed withVilasoftware, or
switch to SAPRat this department as wellSAP MM and SAP SRM woelkntually be the
modules thatneed to be implemented taeplace Vila andsupport purchase, logistics and
inventory managemenbperations As indicated Hospital A doewt have an integrated ERP
solution and therefore will function as the ndeRP exampléiospital A wants to know what the
functionality of SAPis compared to Vilawhether they areminimal the same as those in Vila.
Furthermore they are interested in theopsible benefits ERP may provide, also when the link
with finance idinallymade.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 prodessribed in
detailin the rext section,jn order to comparehe situation at Hospital A with Hospital B later on.
This helps to identify the improvements a qualitative manner first. Secondly using the
framework several metrics werdetermined at Hospital A andisted in a tablein the next
section Using these results thguantitative comparison can also be made secondly.

DETAILED PROCESS STEP

In total, three interviews were conducted withhwo experts from thePurchase & Logistics
department: with the head of purchase andagistics managetfter consultinghese expertst
turned out that the five main process steps, already identified earlier, proved to be correct.
Howeverthese stepsstill seemedvery high level andvithin each process step a numbeof
activitiestake phce as it seemed during the interviewor this reason anore detailed model is
constructed which provides an-itepth view on the way of workingt Hospital AThe resulting
process overview is depicted iRigure 13 below. The process steps that are executed
automatically within the software havdlue accents, whereas the manually activitiese
colouredred. Figurel3is followed by a description.

Return goods

Forecasting/ planning Purchase

Forecasting Purchase

Order
fullfillment

FGUREL3 DETAILEIPROCESS STEPSHOSPITAIA

Forecasting

Forecastingn this case does not consist of oigathQas displayed in théramework but two
paths. First of all a weekly MRé&n is being done in Vilat the warehouseTuesday is usually
their order day, so every Mondagvening the MRfun is done.This MRP run @nerates an
advice which ighen being evaluatedby three experts whdmanually)judge the predictions
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made by the Vila softwareThe advice(including the adjustments by experts)s then
electronically passed to purchas8esides the demand generated lge MRPrun at the
warehouse, prchase also receivetextualrequests (usually written on a note)rhis is the
second source fodemand.Each department within the hospital may request goods that are
required for operations. They usually write their requiéx specific goods on a paper noféhe
textual requestsare handed in at the purchase department. These notes aem ttmanually
processed andyped into their software.

Purchase

The MRPadvice and the processed papequests arefurther handed over topurchase At
Purchase both sources of demand are combined into one order list, which automatically
aggregates all goods to be ora@erper supplier Combining both inputs is done automatically
once the paper requests are processédhe large order list igeneratedbecause combining
orders is moreconvenientfor the supplierand the hospital as welCombining ordersesults in
fewer orders and therefordessorder numbersand delivelies/movement around the hospital

In the end fewer deliveriesand fewer ordemumbers which have to beegistered lead toless
work. Tuesday is the ordettay at Hospital Aall paper requests are therefore aggregated @ore
whole weekand thenall ordered at once.

After both sources of demand are combined eipplier, the purchaser will thereupon examine
the list of items to be ordered visually. Tiparchaserchecks the list for irregularities (e.g. in
prices or amounts)If everything seems correct th@ders are placeavith the suppliers This is
done withWneclick) 2 F I a digialiféx2sgiver is present whitixes the orders to the
suppliersautomatically.Subsequently the purchastepartmenthas to check manually whether
all orders are delivered correctly. If one or more fagasnotbe delivered theycan be sent again
or printed and faxed manually. After this the purchase is completed

Acquiring suppliers and negotiationsabout pricesare additional activities of the purchase
department as well. However these activities are secondary to the prodesgeathese actions

take place around the normal operation of ordering goods, replenishing supply and making sure
all goods requiredabove are present.For this reason these activities are not shown in the
overview.

It turned out that budget overruns aran 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
RS LI NI Y Sy frdthosedpdpiRla idiget 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 budgetcontroller and are not concerned in this case with how much of the bty
already consumedAs a consequence budget overruns were found irrelevant in this case.

Goods receipt

After a while the ordered goods are delivered at the warehouti$ere the goods arenloaded
first. Some goods may need to acclimatize first and are therefore immediately putiantine
(held separate from the rest of the stocKjhisscenariowas however not seen dtospital A
Upon receip, several checks take place by the peoplerking at the waehouse. Theyheck
whether the delivered goods match with what is listed on the packing note wahdt was
actually ordered. If there are irregularitiefound between these documents, #m the head of

the department is informedHewill take actions deperidg on the situation. Ifor exampletoo
much is delivered and it concerns an expensive goodgeitessive goods arssuallysent back

to the supplier.Upon receipt of goods also the quality is controlled visually: the received
packages are inspected alents anddamages (e.g. water damage of damage caused by a fall).
Sterile goods need to bentirely intact, whereas nosterile goods may still show small damages.
A box of pencils for example will still be accepted if the box shows small damages, d&ubé b
hypodermicswill not be accepted in a derdondition.
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Along with the delivered goods algafter a period of timepn invoice igeceivedat the finance
department.At this pointthe processlescription at Hospital Aeviates from what was identifie

in the framework, because the financial settlement is not incorporated over thrélospital A
the finance department has separate software package for the financial processgs? FI/CO
as mentioned earlier. As a consequence matching the invoite thie packing note and
purchaseorder has to be done manually: the purchase orders are not knowisARand
therefore no automatic match can be madghe controls done at the finance department are
therefore manual as well.

Returning goods is also shoumthe 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 separatdh&oast

of the stock (in quarantine).

Storage

The process steps at storage correspond with what was identified in the framelfiatkchecks
at the goods receipt process stegre passed correctly, the products are registermud the
quantity in Vila is then updated automatically. Next the goods are stateaspecific locatiom

the warehouse. Occasionally it is possible that the goods need to be moved.

Goods issue

Upon the requests placed by departments an order figkis generatedby the software

At this point the goods are also writtenff in Vila. Next someone makes a round through the
warehouse and collects all goods listed on the flistkand puts it in a cart. Additional,hie the
orders are picked, the ordgricker also checks the available stock: on theigtkthe 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 ishat
wrong.Because this is not part of the main process and therefore irrelefearthis researchit is

not displayed in the process overview.

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

MEASURNGKPB

After discussing the activities at this Hospitald creating a complete view on all process steps,
also the metrics from the framework were discusséd attempt was made to measure all
metrics from the framework. This was however difficult as it turned @ahering data was not
very easy in this casdecause not much data wasgisteredwithin 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 digs about the reliability of their suppliensere
availablealsqg but not for all suppliers and mostly only when they suspedhted a supplier was

not delivering according to the agreed tern#sreport made by an external consultant provided
some additimal 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 monitasadoccasion and

no real performance measurement was done periodically (except for the servickfigwees).
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 coulgossiblyindicate problems beforehand arid generalprovidesmore insight in

the performance.

The results of the measured values are listed @ble3, together with the results from Hospital
B: this makes a fast comparison per metric possibiighe table it is also showper KPI whether

the listed valuds measured or assessed by the interviewed expidxt thesituation at Hospital

B is described. After that thmetricsof both case studieare compared tosee where the main

differencesare.

58| INVENTORWIANAGEMENT



7.2.3 HOSPITALB: wiTH ERP

The secondhospital which isresearchedat is also a medium sized hospjtalut is narginally
bigger than the first one with around 450 beds (compared to 390 beds at Hospital A). As a
consequence Hospital B also counts mpesonnel: close to Z00 employeeg(this corresponds
with just over1600fteQ a A y ).{P&tiofithis@unie is specialists, in case of Hospital B there
are approximatel\200 specialistsHospital Bhas two locationsone central location where most

of the people arestationedand amuchsmalkr locationin one of the surrounding villages. The
external (smaller) location can be seen as a departmenty it islocated outside themain
building. The gpplies for this location are provided by the central location: the smaller external
departmenthas its goods delivered just like any other department in the main building only the
distance is biggernventory is kept within thenain building at two place There is a warehouse
for sterile goods, and a separate warehouse for the-sterile goods.

Hospital Buses SARBoftware a German ERP software package, described S&rIBAP is used

on the firancial and logistics department and partly on other depents as wellfor ordering
goods for instancelnventory managermnt isthus managed with SAP as wellhe hospitauses

two modules to coordinate inventory angurchase that is SAP MM and SAP SRM2 & LIA G £ . Q&
policy is to be an innovative and progressive hospitak useof IT istherefore in an advanced
stageand ERP isncorporatedthroughout thewhole hospital The people at logistics have years

of experiencein working with SAPand are well cpable of using the softwareThis makes
Hospital B a good choice for the E&Re variantAs the interviews withwo experts indicated,

the purchase & logistics department is really run like a business and they are therefore very
concerned with costs corl and high service levels. In order to reduce the costs even more,
Hospital B is looking into theossibilitiesof cooperating with two other hospitals as well.
GCombining inventory managemerdreates economies of scale and should yield additional cost
reductions.

For Hospital B the same thing is donefass Hospital A: the processesewe mapped in more
detail. This mapping is a simple way of comparing both cases (i.e. easier than compasing t
descriptions).Within this processoverview it is indicated where ERP is used by the blocks
coloured in blueBecause part of the process matches with Hospital A, the focus will mostly be
on the differenceghat were noticed The next section presents the processes at Hospitahi.
helps to identi§ the improvements in aualitative manner first. Second)yaccording to the
framework, several metrics are measured and listed. This formsqtlentitative analysis of
Hospital BBoth situations are thereupon benchmarked to each other in the final sectio

DETAILED PROCESS STEP

A more detailed model is constructed which provides awlé@pth view on the way of working at
HospitalB. The resulting process overview is depictedrigurel4 on the next pageThe process
steps that are executed automatically within the software haidee accents, whereas the
manually activities are colourdd red.

¥ e section 2.1.1 for a detailed description and an example in which SAP is used
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FGUREL4 DETAILEDPROCESS STEPSHOSPITAIB
Forecasting
The demandctoming inat forecasting/planning)also has two sourcest Hospital BFirst a MRP
run is done every night, which results in a kagvice every morning. Byinning 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 MRPwill notice thisand adjust the
advice.Per article it is possible to dakt the restrictions according to which the optimal stock
level should be determined. Finally @xpert (purchaser) will manualgvaluatethis MRRadvice
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 ordest is passed to
purchase.

The second source of demand is the requests posted by the departments. If a department needs
certainitems which are needed to execute their work, they can go tangernal website. This

website is a part of SAP as wéh this websiteahey have to login first. After logging in thege

a catalogue where theare able to selecthe articles they need. This website looks like a web

shop (like Bol.com for exampl@he order status can also be read at this websltee catalogue

has three differentcategoriesto choose from First thereA @ (G KS RSLI NI YSydiQa | &a
select from. These are tharticles that arefrequently required by thdogged indepartment.

Nexti 2 GKS RSLINILIYSyidQa |aaz2NlYSyd +Hfaz GKS gK2€S
can be ordered, and for which the hospital has contracts with suppliers, can be seen.ifarally

article is required that cannot be found in the total assortment, 8 2 OF f f SR™cani S| &l | y ¢
be put in. The purchase department investigates the need and finally processes the
Yekstaanvraaas 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 diregfisteredin

SAP as wellHere Hospital B differs from Hospital A, because the requests coming from
departments where handled mostly manually there. Finally both sourceswiadd are passed

on to purchase.

Purchase

At purchase qui the same happens in HospitalaB was seen at Hospital A. The tsaurces of
demand are combined automatically. Only in this casevisual inspection takes place. The
combined ordedlist is sentto the suppliersoy the purchaseadministrationat settled order-days
(which are fixed per supplier in SAR)digital faxserver is used, the same principle as Hospital A

Yo wiS1adl +y @NI acatain artigle that isudtlpresdrit it theFsgantdard articialog.
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uses. After digitally faxing all faxes the delivery status is checked manually:fak is
undeliverable it can be sent again or even a copy can be printed and faxed tfi@sbldned
way. EDF belongs to the possibilities as well. In SABr supplier can be chosen how tbeder
should be delivered. Most orders are currently platesbugh the digital fasserver;however EDI
can also be selected in SARd might be used in the futurewhich can create additional
benefits'®. In SAP other agreements made with sup@jesuch as prices discounts, delidarys
are registered in as wellhis 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 samereasons as with Hospital Ahe people controlling the budgets for ordered
goods where not fvm 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 awhile 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 handfimore items are receipit is not allaved to book all items in the
system, but only the ordered amount. For the remaining items the purchase department is
consulted what to danext, i.e.sentthem back or addhem to the stock as wélA visual quality
inspection takes place after checking the documerntsthere are problems the goods are
shipped back. Within SAP a return booking is déideng with the goods that are receipt also an
invoice comes in at the finance departmemthe invace is taken over in SARfter which an
automatic check takes place betweeiat has to be paidrad what is deliveredNext payment is
done automatically if this matches (with marginal differences allowpdand downuntil 3%).
Currently the invoice is rieelectronic, but the next step would be to receive this digital as well
(e.g. via EDI)n that casethereis no need forany paper documents at this point in the process
as well.

Storage

If everything is correct the goods are booked in SAP and thesga@dstoredn the warehouse

At the warehouse the article numbers have different prefixes for the different main location
(sterile/nonesterile). Also the shelves are numbered alphabetically. This is useful for calculating
order-pickingroutes (see goods issues). Next to thesactical differences the process steps at
storage are exactly the same as with Hospital A.

Goods issue

At the final process step there @ly one big differenceAs mentioned shortly thehelvesare
codified with successive codes. SAP automatically generatést of goods that need to be
picked from the warehousén order to issue them to the internal clienUsing the codified
shelves a logical path through the warehouse is calculated. As a consequence th@iokde

does not have to walk up and down the warehouse in order to search for all goods listed on the
order-pickdlist.

MEASURNG KPB

Dataretrieval wasmucheasier in this case than at Hospital Phere was alreadynaexcel sheet
available with severaineasurementdrom the last monthsit 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 thafospital B was much more concerned with
measurng certain values in their procesthis already formed a good first attempt to create
more insight in their performanceHospital B actively monitorthirteen metricseach monthin

the followingfour categories:

> EDI standfor Electronic Data Interchange and is an electronic formoofimunicationbetween different
softwareapplications and firms.

1 Using EDI the orders are electronically placed directly in the system of the supplier, which saves time and
effort at the supplierside: in the end this should result in lower prices.
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Some eamples of the metrics that are measured are:

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

Throughput times.

Client satisfaction.

Number of request andrder lines.

Efficiency of bundling orders.

Supplier reliability

Numberof supplier reduction

=4 =4 -8 4 -8 _9_9a_2

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 maseial Following the
framework, metrics were measured. A lot of theetrics 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 timéo create a query for all metrics and extract all required data from SAP.

The measured results are listed Trable3 in the next section, right next to the resulfsom
Hospital A. Agaithe 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 tbachnothe
following sections. Firghe focus will be on theualitative difference between both processes.
Next a quantitative comparison will be made between the KPIs oredsaccording to the
framework andfinally hypothesesare tested.

COMPARINA&ROCESSES

Looking at the two processverviews that were constructed for both hosgs, several things
can be seeH. First of all the five main process steps that are identified in the framework
matched with what was found ithe case studieghe five praedures of forecasting, purchasing,
goods receipt, storage and goods issue are found at both Hospitals agalgiving the pattern
matching principlg(Yin, 1994}Yhe same pattern was thus found in practice, as was desigmed i
the framework beforehand.

It turned out however that within each of these five processes an even more ee@tpitture
could be constructed, which was done. general the processes taking place at both hospitals
largely look the same. Nonetheless thneajor differencescan be okerved

1 Atforecasting:

At the forecasting it turned out that also requests from different departments formed a separate
stream of input(seesnapshotdn Figurel5). In the ERP case this process was totally automated
via an internal wekapplication (as a part of SAP SRMRilst in the nonERP case (Hospital A) a
lot had to be done maually concerninghese demands which is a labemntensive job and
thereforerequires more personnel and thus more money.

v SeeAppendix E for a larger view on both processes simultaneously
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FGURELS5 BENCHMARKINGDIFFERENCES KDRECAST

I At goods receipt:

At the goods receipt process there was a difference also at the checks that take gga€égure

16. At Hospital B, with ERfPe check between the purchase order atié 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 finaragpartment then has to check witburchasewhat

went wrong. This costs time and money. In the ERP case this process was autamtieds
harder to make a mistake, which is a hugdvantage.

Although this difference between cases might look likessimple 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 smicttheralot canalsobe saved

on personnel cost. The onlygblem 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 becaiuse of an
improvementinstead of this automation.

Hospm

Hospith\

FIGUREL6 BENCHMARKINGDIFFERENCES SDODSRECEIPT
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1 Atgoods issue:

Finally the third difference between both process overviews is at the goods [gsgess step
seeFigurel?. At Hospital B it was seen that not only plidts weregenerated by SAP, but also
the routing is taken into accounthis saves work for the people working at the warehouse and
picking the orders, because the routing is calculated and the-lgitks sorted by thatthus a
logical path through the warehousear be followed which saves time and effort.

Hospital

dhaCoiculate
oo

Goods Issue

Goodsissue

FGUREL7 BENCHMARKINGDIFFERENCES SDODSISSUE

These were thehree major differencesthat were seen if thesituations arecompared 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 sothang about the improvements ERP might ca(ise

to test thehypotheses.

COMPARINGVMETRICS

The measured values from both hospitals are listedTable 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 imable3 are measured as prescribed by the framew8ribue to the lack of data
about certain KPland the restricted time, which prevented measuring all the missing,dad&

all metrics could be measured as the franwW prescribes Therefore some KPIs are assessed
rather than measuredafter each value it is indicated whether the value was actually measured
(M) or is based on an assessme(h) of an interviewee from the purchase & logistics
department.

TABLE3 COMBINEDHOSPITAIDATA

Metric Value Case A 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 € MOy ZX¢F M € MpnXT M

2. Inventory Value 0.35% M 1.07% M

'8 Take a look aAppendix Cfor 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: 1@e
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 Nonsterile: 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 suppliecontracts 460 M 310 M
13. Budget overruns <irrelevant -- <irrelevant --
Goods receipt
14.Supplieron time deliveries 95.0% A 95.0% A
15. Supplietoo late deliveries 5.0% A 5.0% A
16. Verification mismatches <unknowr> - 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 <10% M
20. Approved orders 97.0% M 99.0% M
Storage
21. Totalstock value € O0YycC M € MZXZcCC M
22. Average inventory <unknowrs - <unknowr> --
23. Inventory turnover <unknowrr - <unknowr» --
24. Number of days inventory <unknowr> - <unknowr --
25. Stock outs <unknowrp - <unknowrp --
26. Safety stocksage <unknowr - <unknowr> --
27. Overstocking <unknowrp - <unknowrp --
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 <unknowrr - 2.0% A

It was not possible to measure @ssessall 33 KPlIs;therefore some values are listed as
<unknown>in the above tableEspeciallyat the storage part it was really difficult to get actual
values because the above KPIs are usually not measukedessing the values at that pomas

also not possiblebecause it depends heavily which artitleeoncerns Also because there are

over 300 articles in the warehousef both hospitalst is very hard to make a good assessment

for a few goodsln the ERP case (Hospital B) it should have been possible to construct queries in
SAP in order to measure these KPIs, but due to the time consaaththe time it would take

this could not be managed. The cooperating hospital was limited in their time and eventually
could not provide theseaumbers Using the other values that are measured or assessed each
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hypothesis is discussed belowhe hypothesg 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-tfdiRPP and is therefore very
accurate in its performed forecast3he forecasting accuracpetween both cases should be
compared:for the two casesa better performance can be seen at HospBathich uses ERPn
important remark immediately needs to be placed at this observation, because both accuracies
are assessed by the interviewees and are thereforevaoy reliable According tothe numbers
presented inTable 3 above there is however no evidendkat falsifies this hypothesis: this
hypothesis is therefore not rejected.

2. Purchase: Vendor contracting registration

To validate this hypothesis therder lead timesand number of personneshouldbe compared
between situations, which should indicate whether processes are running smodthemumber

of personnel at Hospital A in proportioof the total inventory, comparedo the number at
Hospital B is almost five times as high. This means that for the same aifvalut)of inventory

that has to be managedijospital A has five needs five people, compared to one at Hospital B.
The order lead times are also shorter at HtaslpB. 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 assessethd therefore not entirely reliable. The reduced amount of
personnel may not only be causeédause vendor contracting registration reduces the amount
of work, but might well be the result of other factors as wBlased on the number cfupplier
contracts(which is far less at Hospital 8)d theobservations done during thimterviews it can

be acknowledged that Hospital B is more concerned with selecting aemgatiup of suppliers
than Hospital A doeand handles its suppligontracts in a much more structurgdentralied)
waywhicheliminatesredundant work.

3. PurchaseAssign approveduppliers

Only allowing articles to be boughtat approved (preselected) vendosrgas actively done at
Hospital B.The reduction of vendors was monitored as a KPI and formed a separateagoal
Hospital B The number ofuppliercontractscould very well be measured and is significantly
lower at Hospital B. In terms qfuality rejectionsandtoo late deliveriesio realdifference exists
between the two situationsin the end, ERP thus shows no real noticeable significant benefit at
this pant if the two test cases are compared.

4. Purchase: Advanced budget control

Both Hospitals indicated that budget control lies outside sikepeof their activities at inventory
management. It is the responsibility of the department that requires specificles to keep an
eye on their own budgetBecause budget control lies aide the scope it is difficultot say
something about thidwypothesis No hard numbers can be given at this point, but Hosatild
indicate that with an ERP package the departnsegét more insight in their remaining budget
and consumed budget, because of the integration theaenberscan beregisteredand viewed
in reaktime by the ones who manage the budget.

5. Goods receipt: Thregvay-match (between purchase, goods receipt aintoices)

The number ofverification mismatcheat Hospital A is unknown. However during the interviews
at Hospital Athe interviewee already indicated that occasional meetings with people from the
finance department were necessary to solve lack of céamitht Hospital B the matching process
went automatically (with an automatic fault margin for deviations in price of 846l therefore

the number of mismatches is very low (the interviewee even indicated zero peedtho such
meetings were necessanAs indicated before Hospital B uséswer 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 receiptSupplierreliability monitoring

For testing this hypothesis one should lookgatlity rejectionson time deliveryand the number

of incomplete orderss indicated earlierThe 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 measte to see whether the suppliers are more reliable as a consequence of better
monitoring and selecting supplierds measured at Hospital B (with ERP), only 2.5% is rejected
because theorder is incomplete. At Hospital A an interviewee estimated this nunate20%

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 datalie next negotiations.

7. Storage:nventory turnover visibility

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

8. Storage:Dead stock visibility

Due to better insipt of stocks using ERP, according to this hypothesis it should be better possible
to identify dead stocks and with that reduce tkmtal stock valuef the total stock value of both
cases igonsidered, itcan be observed that Hospital B has much morelstd&ven if the total
stock value is expressed as a percentage of the total trade vafoieh is also bigger at Hospital

B, Hospital B still has thredames as much stock as Hospital A has. According to this hypothesis
that better insight using ERP should reduce the tstack value is thus not found to be true in
this case. There is todgttle information to explain what causes this larger amount of stock.
Assemblywhen the size of alrganisationincreases, the uncertainty will also grow and to cope
with that the Hospital in this case needs to kegigger stocksThis might be an explariah of

this difference.

9. Storage: Less scrap due to better information

Both were very keen on not wastireny products, because that costs money. Both hospitals
therefore kept a strict FIFO (first @first out) system. Both percentages are less than aoay

in case of Hospital B they were also able to measure this value using their ERP software. Based
on the two cases, this hypothesibould be rejected

10. Goods issue: Better handling rush orders

Rush orderand thenumber of personndbrm indicators for theability 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 #&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 canot be said with any certainty. Significant proof for this hypothesis is lacking
andtherefore this hypothesiss rejected

11. General: less faults due to master data

Whether kssfaults aremade, ishard to measure, but as a result of less faulessspersonnel is
required to handle errors or mistakes. Again thamber of personneis a measure for this
hypothesis together with the number of faults itself, but as indicated that is hard to measure,
because then all activitiesould have to beregisteredand monitored which isveryintensiveand

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 hypotiesigectedas a result.

WINDINGUP

Overall itwas difficultto acquire all data and therefore not a vaidmparisoncan be made, but
only an indication can be done towards the improvements that are seen bylEB&nheral it can
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be said that Hospital B uses far less people to handle the same ambimtemtory, but what
exactly the causes are of this is quiteclear. However, improvementswere seen at the
forecasting accuracy, vendor contracting registration and thwag-matching process.

Looking at all the metrickom the two case studiethe results do not deviate very much from
each other. Thisanactuallybe consideredjuite logical, because bbthospitals have the same
goals How process and activities in between are orgadiimay be different, but in the end they

get judged by the number ajoodsthey 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 thlagy benefit from their ERP solution.
Looking at the inventory management related metrics no real improvemese beerseen

7.3 RECOMMENDATIONS FOROBHHOSPITALS

Based on the case studies and the exgadgmentsseveralobservations are doneBelow the
recommendatbns per hospital are discusseatranged according to the different process steps
to make the recommendationsetter readable.

HOSPITAIA

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

Forecasting/demand

1 An online (internal) ordering system for #ile departmentscould yield a big improvement
at the forecasting side. Automationf this process reduces the paper work and as a
consequence saves money on required personnel cost.

1 An onlineorderingsystem forarticlesalsocreatesmore insighttowards the (internal) client,
becausethey are than able to see for themselves whethends 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 systeam
streamline this communication and create mucloma clarity within the hospital.

1 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 lagitomatically combined with the MRiin advice.

Purchase

1 Centralsed management of supplierontractsshould berequired. 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 therganisation

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

Goods receipt

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

9 If the invoices aregeceivedautomatically from the suppliers as well, the check between
ordered goods, delivered goods and the invoice can even be automated as welloffhisa
next step in even further automation of this proce&is lies a bit out of the scope of
inventory management, but would clear a lot of vagueness.

Goods issue

i Calculate optimal routings would increase the efficiency of the warehouse personnel. The
warehouse at Hospital A was not gigantic, but the hospitgrisvingfast and getting used
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