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Management summary

Cause of investigation

Straatsma is situated at the Cargadoorweg in Ngme@esides office space, the building
offers a warehousing space of approximately 110@tpkcations. The total capacity that
Straatsma needs in order to be able to serve stommers far exceeds 1100. In order to solve
this storage shortage, Straatsma makes use of @e &lthird party logistics provider which
Is situated near the Cargadoorweg. Because théngenbntract of the building at the
Cargadoorweg will expire by the end of 2009, it wasessary for Straatsma to think about
alternative means of storage. By the end of 20@Baa®&ma decided to move its entire
operation to Binderskampweg 40. It is not clear &osv, how this warehouse can best be
designed.

Research goal
The goal of this research is to design the wareh@ausuch a way that it corresponds to the

design objectives that are relevant to Straatsma.

Wor king method
In order to design the warehouse in such a wayithairresponds to the design objectives
that are relevant to Straatsma, three consecutiasgs have been executed:

- Before starting with the design of the warehousdéad to be clear what matters to
Straatsma. Both the current situation and the nenelouse have been analyzed in
order to determine the extent to which certaingtesibjectives are relevant.

- Once there was clarity with regard to the warehalgectives, it was necessary to
find a model to structure the warehouse designga®ic

- The last phase of this investigation was to degigmew warehouse based on both the
model for warehouse design and the design objecthat are relevant to Straatsma.

Conclusions

Based on the slow moving nature of the SKUs thaad®tma wholesales, the insufficient

storage capacity of the new warehouse and theaHhatthe usage period of the new building

is only three to five years, it became clear tloet eninimization and space utilization are the
two main design objectives. After selecting an appate warehouse design model, the new
warehouse of Straatsma could actually be designed.

It must be noted that almost the entire warehoussgd process was executed. Topics
ranging from the required level of automation todetailed interior layout of the new
warehouse have all received attention. The fact tha decision to move into the new
warehouse was made without extensive calculationls megard to the storage capacity,
severely complicated the design process. Althoygites utilization played an important role
throughout the warehouse design process, thersvarmitiatives that were executed in order
to cope with the insufficient storage capacity thegd to be mentioned specifically:

- In regular warehouse designs, it is customary &@elone single SKU on a location.
This was however not an option for Straatsma. A meethod was developed to
incorporate the fact that two SKUs can be storedaosingle location into the
warehouse design process.

- It was analyzed when Straatsma can make use ofttitage capacity of its main
suppliers in order to reduce the inventory levélsestain SKUS.
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Recommendations

Despite the emphasis on space utilization and ritatives described above, the storage
capacity of the new warehouse is not large enoagitdre all the SKUs. In order to reduce
the storage requirements that Straatsma will hgvinéd end of 2009, when it will no longer
be able to use both the old warehouse and the reeehouse, Straatsma will have to refuse
keeping SKUs on stock that have a very high sojdime. These products take up space
while they do not generate much money.

There are also measures that are not linked tsttirage capacity, that need to be taken into
consideration in order to successfully exploit tieev warehouse:
- Deliveries from suppliers will have to be schedutedperly, such that the size of the
expedition area will not pose a problem.
- When moving products towards the new building ansopreparation can create
enormous benefits with regard to material handling.
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Preface
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1) Introduction

With this report | conclude the graduation projewt | executed at Straatsma Verpakkingen
in Nijmegen from the period of March 2008 to May020 The graduation project is the final
stage of the track ‘Production and Logistic Manageth This track is part of the master
studies ‘Industrial Engineering & Management’, whis offered to me by the University of
Twente.

1.1) Cause of investigation

Straatsma is situated at the Cargadoorweg in Nigme@esides office space, the building
offers a warehousing space of approximately 110@tplcations. The total capacity that
Straatsma needs in order to be able to serve stommers far exceeds 1100. In order to solve
this storage shortage, Straatsma makes use of @le Klthird party logistics provider which
is situated near the Cargadoorweg. Because thetéime¢ building at the Cargadoorweg ends
in 2009, it was necessary for Straatsma to thirduthlternative means of storage. At the end
of 2008, Straatsma decided to move its entire djperéo Binderskampweg 40. It is not clear
however how this warehouse can best be designed.

1.2) Structure of investigation

The structure of this research will be as folloimschapter two Straatsma is introduced. Beko,
of which Straatsma is a full subsidiary company #éime different customers that can be
distinguished will also receive attention. The peob statement, the research goal, the scope
of the research, the research questions and tearoksapproach will be elaborated on next.

Chapter three will start with an overview of thdexant logistical flows. After this, the
functions that the warehouses of De Klok and Siraat serve will be discussed. The
processes that are executed within the warehouS¢raditsma will also be elaborated on. In
order to understand the way Straatsma does busiieéssnecessary to explain how the
software system is used. The last step is to profie warehouse activities that Straatsma
performs.

The new building that Straatsma has in mind fordemting its warehouse business will be
described in chapter four. Very important of couase the dimensions of the areas that are
available for warehousing activities. Other sulgeldte the location of the docks and the
strength of the floor are also discussed. A capaditeck is also performed in order to
determine whether the new building offers enoughasfe space.

In order to evaluate possible warehouse configumati it must be clear what matters are
especially important to Straatsma. Chapter five stdrt with an overview of objectives that
are often mentioned in literature. The relative amance of the objectives that are mentioned
will receive attention next.

When designing a warehouse it is wise to use advwark. Chapter six will therefore start
with an explanation of a few frameworks that arailable in literature. The next step is of
course to select the framework that is most appatgrfor the warehouse design process.
This framework will be used in the remainder of theestigation, and will therefore be
partly responsible for the contents of the follogvthree chapters.

) 1
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In chapter seven, some major strategic decisiofido&imade with regard to the interior of
the new warehouse. Subjects which need to be igaéstl are the required level of
automation, the need for a forward area, and thezl ier multiple storage systems. The
decision whether or not to batch items and exenome picking will also receive attention in
this chapter.

Once the strategic decisions are made, it is torfedus on the tactical questions that need to
be answered. What is possible at this stage i®woise heavily dependent on the decisions
that are made at the previous stage. Topics thatoeidiscussed in chapter eight are the
storage policy, the different kind of trucks thata&tsma needs, and the rack layout.

Chapter nine will deal with the last set of issudghly relevant is the decision with regard
to the pallet rack configurations.

The conclusions of this investigation will be sumiimad in chapter ten. Recommendations
with regard to warehouse operations will also batinaed in the last chapter.

A reading chart is drafted in order to get a goagreiew about the structure of the
investigation.

Chapter 2: Context and
problem statement

|
\/ v

Chapter 3: Current Chapter 4: New
operations Straatsma warehouse Straatsma

| |
Y

Chapter 5: Warehousing
design objectives Straatsma

A

Chapter 6: Warehouse
design models

Chapter 7: Strategic decisions Chapter 8: Tactical decisions Chapter 9: Operational
warehouse Straatsma warehouse Straatsma decisions warehouse Straatsma

| | |
/

Chapter 10: Conclusions
and recommendations

Figure 1: Reading chart
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2) Context and problem statement

Multiple subjects will receive attention in thisagter. A short description about Straatsma
Verpakkingen b.v. will be given in section 2.1.Relet items are the history of Straatsma, the
organization of Straatsma with regard to persoandlthe ways one can differentiate between
various products that Straatsma orders and dis@igbuin section 2.2 Beko Benelux U.A. will
be introduced. This is a collaboration of purchaseociations of which Straatsma is a full
subsidiary company. Once the introduction of Belem&ux U.A. is concluded, it is possible
to elaborate on the various customers of Straaisreaction 2.3. After introducing Straatsma,
its mother company and its customers, the problatersent will be mentioned in section 2.4.
In section 2.5 the research goal will receive aitben Since the research goal involves various
related topics it is necessary to restrict the saomipthe research in section 2.6. The research
guestions that need to be answered in order tdleeta fulfill the research goal will receive
attention in section 2.7. The research approaamsisting of the basic form of the report, the
type of research and the research methodologyarkast topics of this chapter.

2.1) Straatsma Verpakkingen b.v

Straatsma Verpakkingen b.v is a wholesale comparpackaging materials for bakeries that
was founded in 1957 in Nijmegen. After having opedaindependently for many years, a
change of course took place in 1993. The ownehaiftime, Marcel Straatsma, decided to sell
his company to Beko, a full service purchase assioa of bakeries which will be elaborated
on in the next section. Because of this takeovieaaBma was able to bundle volumes in order
to gain a purchase advantage.

Straatsma acquired her position in the market bgcigfizing in packaging materials for
handcrafted bread and banquet bakeries. Packagatgrials are often purchased in large
guantities in order to sell them in smaller quaesitafterwards. With a turnover over 14
million in 2007 (Resultaten t/m 4e kwartaal 20(Btaatsma can be called market leader in the
Netherlands.

At this point in time Straatsma is employing 20 pleo summing up to 17.9 FTE
(Lonenadministratie 08-07-2008). Straatsma usesetibnal structure with divisional aspects.
The functional structure becomes clear when lookinilpe organizational chart that is depicted
on the next page. One can speak of divisional &spmxrause the main customer groups are
appointed a contact person of the account managemen
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Business Unit
Manager

Marketing manager Financial manager

Purchasing /
logistics manager

Financial staff
members

Account
management

Customer
service

Warehousing
personnel

Figure 2: Organizational chart Straatsma

It is possible to differentiate between the varipusducts that Straatsma sells. One differentiatian
is often used is the following:

Neutral packaging materials
These packaging materials are neutral. They dohawe a special color, nor are they linked to a
specific bakery or guild. They can be ordered bgrgone.

Neutrally printed packaging materials

These packaging materials have a certain desidroutita bakery specific nature. It is possible
that the design can be ordered by various clidnisjt is also possible that certain neutrally
printed packaging materials are linked to a cergaithd which makes it impossible for bakeries
that are not a member of that specific guild toeortiem.

Customer specific packaging materials
These packaging materials can only be ordered ¢peaific bakery, because the name or the
address of that specific bakery is on the packagiatgrials.

It is also possible to differentiate between vasipuoducts based on when certain products can
be ordered:

Regular packaging materials
Most products can be ordered throughout the year.

Seasonal packaging materials

Various products are only ordered during a spe@édod in a year. In this category one can
think of packaging materials that are linked tocsfie holidays. It must be noted that seasonal
products can also have a customer specific nature.
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The last way to separate packaging materials iscban the distinction between products that
are inventory driven, and products that are ordieed:

Inventory driven packaging materials

These packaging materials are stored in a warehmfuSgaatsma, waiting to be shipped to a
customer. When the inventory level of such a prodaits under a certain value, an order is
placed with the corresponding supplier in ordereigain an appropriate inventory level.

Order driven packaging materials
Order driven products are products that are noedtin a warehouse of Straatsma for longer
periods of time. A customer order is in this cagedlly linked to an order that Straatsma
places with one of its suppliers.

2.2) Purchase association Beko Benelux U.A.

Beko Benelux is a collaboration of regional, autmoasly operating purchase associations for
handcrafted bread and banquet bakeries. It wasdémlim 1965 when a number of bakeries
decided to see whether it was possible to gain rehpse advantage when collaborating.
Nowadays Beko is specialized in both basic fooded@gnts as well as auxiliary products.

With a turnover over 350 million in 2007 Beko camdonsidered market leader.

The collaboration Beko currently consists out ekfipurchase associations, which all have
their own warehouse: Back Beko lJsselstreek (Mgpplet Backershuys (Utrecht), Beko Zuid

(Veghel), Weba-Inco (‘s- Gravenzande) en Vecoldsegght). It must be noted that Back Beko
IJsselstreek and Het Backerhuys together form V@koBNederland. In total more than 2250
bakeries are delivered from the various purchasecssions. VecolJs does not focus on
bakeries and will therefore be left out of thisdise

Bakeries can become a member of one of the purceseiations (depending on location)
when they meet certain conditions. It is for ins@mot possible for an industrial bakery to
become a member. Furthermore there is a certaithtgepotential members have to pay. In
return members not only get a purchase advantagfeegringredients.

Beko operates using a ‘one-stop-shop’ strategychvineans that bakeries are able to turn to
Beko for almost all of their needs. In order to @uplish this, the various purchase

associations, united in Beko Benelux U.A., havetipl@ subsidiary companies. Straatsma is
one company that is incorporated executing the-ginp-shop’ strategy. The organizational

chart of Beko is depicted in figure 3.
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Figure 3: Organizational chart Beko

The subsidiary companies of Beko Benelux U.A. &eko Bakkerij Techniek, Stolp, Beko
Advies and Straatsma. Beko Bakkerij Techniek gieetinical support, Stolp purchases dried
fruits and seeds and Beko Advies gives support reitiition to the shop and marketing.

The board of Beko Benelux U.A. is formed by theiohan of the purchase associations.
These are elected by means of a meeting with menddethe individual associations. The
chairmen together appoint a general director thatld Beko Benelux U.A. The individual
purchase associations operate autonomously taga &dtent. Their policies are determined
by the boards of the individual associations irselgollaboration with their members. There
is also a supervisory board to control whetherpitgespecified policies are actually executed
(Pluygers 2006; Beek 2007).

2.3) Customers of Straatsma

The customers of Straatsma can be divided intoowarigroups. The most important
distinction is that of internal customers and axaécustomers. The internal customers consist
of the Beko purchase associations. The externabmgss consist out of multiple groups of
which the following groups are the most important:

- Het Echte Bakkersgilde

- De Ambachtsbakker

- Beko Zuid klanten

- Straatsma klanten

- Grobak

- Diversen
A few remarks need to be made when looking at #@us external groups. First of all it
must to be noted that it is not uncommon that bakewxhich are a member of a certain guild
are also connected to one of the purchase assmsatturthermore it seems strange that Beko

A
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Zuid klanten are characterized as a separate @kteastomers group while this is not the
case for the other three purchase association.igthiecause various Beko Zuid klanten, that
are not member of a specific bakery guild, do pkhegr orders directly with Straatsma. This
is not the case for (most) members of the othechase associations. They place their order
with their corresponding purchase association whichcts (most) orders towards Straatsma.
The reason for this arrangement is that Beko Zuid Straatsma are located in the same
region. Straatsma klanten are bakeries which hgexia arrangements, because they
belonged to a certain craft guild in the past. Gkois a direct competitor of Beko, which
supplies Bakker Bart stores. While individual osdef Bakker Bart stores are delivered by
Grobak, Straatsma makes sure that the inventorymbak with regard to packaging
materials is adequate. The group Diversen showiBeaahtiated profile. There are individual
bakeries which are not connected to either a bakeild, or one of the four purchase
associations. Besides bakeries, other sorts of anrag like supermarkets, butchers and shoe
stores also belong to this group.

2.4) Problem statement

Straatsma is situated at the Cargadoorweg in Ngme@esides office space, the building
offers a warehousing space of approximately 110@tpkcations (Beek 2008). The total
capacity that Straatsma needs in order to be abderve its customers far exceeds 1100. In
order to solve this storage shortage, Straatsmasnage of De Klok, a third party logistics
provider which is situated near the Cargadoorwéys felation lasts for more than 13 years.
Because the renting contract of the building at@aegadoorweg will expire by the end of
2009, it was necessary for Straatsma to think ahibertnative means of storage.

It must be noted that the future with regard toekause operations is not entirely certain.
Another subsidiary company of Beko Benelux U.A, 8&akkerijtechniek, will in the future
also need a new building. It might be advantageousse one building for both companies.
This cannot be accomplished immediately howevearcesiBeko Bakkerijtechniek has a
renting contract that lasts until 2012. As a consege the time window of the new
warehouse situation for Straatsma is reasonably 68 years).

After considering multiple options, Beko BeneluxAUdecided to move both the products

that were traditionally warehoused at the Cargadegrand the products that have in recent
years been warehoused by De Klok towards one IngildThe building that is situated at

Binderskampweg 40 was selected for this purposes hot clear however whether the

building offers enough storage capacity, and intwiey the interior of the building can best

be used for storage and retrieval of packaging madde The problem statement consists of
two sections:

Is the storage capacity of the warehouse situated at Binder skampweg 40 large enough
to store all packaging materials?

How can the interior of the warehouse be designed in order to store and retrieve
packaging materialsin an efficient manner?

2.5) Research goal

The decision was already made to move into the wanehouse. In order to design the
warehouse in a proper manner, the level of impodanf different design objectives must be
clear. There are often tradeoffs between varioyectilses. In order to determine the relative
importance of space utilization, it is necessarynke an initial estimation whether the new
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warehouse offers enough storage capacity. In #nses analyzing the storage capacity of the
new warehouse is a means to an end, instead oparate goal. Even if the storage
requirements would exceed the storage capacityntbgor of the warehouse still needs to be
designed.

The goal of thisresearch isto design the warehouse in such a way that it corresponds
to the design objectives that are relevant to Straatsma.

2.6) Scope of research

Moving into a new warehouse is a complex decisidrich involves many problems. It is not
possible to investigate everything within the gredfied amount of time:
- The order profile of Straatsma influences the opltimarehouse design. It will not be
investigated whether, and how it is possible terahe order profile.
- Whether the new building offers enough storage espacd how this space should be
used, is outside the scope of this investigation.
- The total number of warehouse personnel that isdewan order to fulfill all
warehouse tasks will not be determined.
- Assigning individual SKUs to specific storage looast is outside the scope of this
investigation

2.7) Research questions

In order to fulfill the research goal, several @gsb questions need to be answered. There are thre
main questions which consist of multiple sub questi

1) What design objectives are relevant to Straatsma?
a) How can the current operations of Straatsma be described?
b) What does the newly proposed building of Straatsma look like?
c) Doesthe new warehouse offer enough storage capacity?

2) Inwhat way can a warehouse design process be structured?

3) What isthe best way to design the new warehouse of Sraatsma?
a) What isthe best way to deal with the strategic decisions that need to be made?
b) What isthe best way to deal with the tactical decisions that need to be made?
c) Wnat isthe best way to deal with the operational decisions that need to be made?

How the questions mentioned correspond to the rdiftechapters of this investigation was already
depicted in figure 1.

2.8) Research approach

When discussing the research approach it is impottaconsider, the basic form of research,
the research type, and the methods that are used.

It is possible to differentiate between severalidbdsrms of research. Baarda & Goede
(2001) recognize three basic forms of researchcribesg research, exploring research and
testing research. Zwaan (2003) identifies explayatesearch as a fourth basic type. The
four basic forms of research differ from each otba@sed on the extent to which hypotheses
have been formulated:
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- Describing research constitutes giving an accudatription of the features of a
certain entity of investigation based on a predeteed method, without indicating
certain relations or explanations.

- With exploratory research no well formulated hymsiils or theory is available either.
The goal however is different in the sense thainits to develop a certain theory.

- Explanatory research is about extracting a numbéaators from theory in order to
explain certain symptoms or relations.

- In case of testing research a pre specified hygahwhich is derived from a certain
theory, is tested to see whether it is in fact .t"déhen theory and practice are
combined to predict whether a certain action isale in a specific situation it can
also be labeled testing research.

Although it is possible to argue about the amourtheory that is available with regard to
integral warehouse design, this investigation daarty be labeled testing research. Theory
and practice will be combined in order to createvaaehouse design that is suitable for
Straatsma.

The research type is often a result of the basi.fdhis does not mean that there is a one on
one relation however. Certain research types anenum with regard to a specific basic
form. There are six broad categories of reseanoésty
- Laboratory experiment: Is about two identical eesitin identical situations of which
one is exposed to a certain factor. It is checkdeéther the two entities react in a
different manner.
- Field experiment: Same as laboratory experimentekecuted in real life.
- Case study: Is about investigating a single entity.
- Comparative investigation: Is about collecting myéaamount of data for exploratory
or explanatory purposes.
- Evaluation: Is about evaluating whether an acti@s hesulted in the expected
outcome.
- Action investigation: The investigation takes placging an action.
- Simulation: In simulation a model of reality is ated, in order to find out what effect
certain actions would have in reality.
In case of testing research, the research typberdtory experiment, field experiment and
evaluation are most common. In this investigatiowéver, the case study is applicable. The
guestion about the amount of storage capacity hadlésign of the building is specific for
Straatsma. It is definitely not possible to geneealhese findings.

In order to fulfill the research goal, a lot ofenfnation is needed. The main methods that are
used for acquiring this information are:

- Literature study

- Desk and field research

Literature is used in many occasions. It is firsédito describe general warehouse functions
and processes. It serves an even greater purpastarmining how to design a warehouse.
Not only the sequence of steps that need to bentakerder to complete the warehouse
design process, but also the general charactariatbout when to use certain warehouse
configurations, like batching and so on. While tlyeprescribes when certain warehouse
configurations can offer significant benefits,gtstill necessary to determine whether or not
this is the case for Straatsma. Desk and field arebe takes place throughout the
investigation, but plays a prominent role in adyiyprofiling.
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3) Current operations Straatsma

Not all customers receive their products out ofwaeehouses of Straatsma and De Klok. In
section 3.1 an overview of the logistical flows it the supply chain will be presented. Once
it is clear from which warehouse customers recéiv@r products, it is time to discuss the

functions that the warehouses of Straatsma and IDke $€rve in section 3.2. The processes
that involve warehouse personnel will be elaborateth section 3.3. After elaborating on the

processes that take place within the warehouset@atSma, the software system that
Straatsma uses will receive attention in secti@gh Bhe final step is to profile the products

and warehouse related activities of Straatsma.olibt@omes serve as input for questions later
in this thesis.

3.1) Major logistical flows

As is elaborated on in (Beek 2008), there are ocoste which receive their packaging
materials in up to six different ways. It is notseito chart the logistical flows in this much
detail, because it would not give a good overvidwhe actual situation. In the figure below
the most prominent logistical flows are chartede ®ize and point of the arrows give an
indication of the amount of flow.

Flow1 Suppliers Flow5:
—F|0w2_l I |_F|0w
Flow3
\ 4 v
Flow6
Straatsma K—Flow8— De Klok Grobak
TFIOW7—
BBY + WI + BHS Beko Zuid
2 Flow12 Warehouses
Flow9 Flow10 + l e
‘ ¢ EB AB
Flow11
Bakeries Bakeries
‘Straatsma
klanten’
‘Eigen BZ et f
Klanten’ Diversen
Customers

Figure 4: Major logistical flows

The flows are largely representative for both ineepdriven and order driven products. Only
order driven products that are directly deliveneahf the supplier to the final customer are not
depicted in the figure. Furthermore it applies bimtimegular products and seasonal products.
The only difference is that certain customer spe@éasonal products are warehoused by
Straatsma instead of De Klok.

It must be noted that some flows contain mainlytraupackaging materials, while other
flows contain several types of packaging materimsappendix 1, it is indicated which type
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of packaging materials are most common with redardertain flows. The appendix also

contains information with regard to transportataomd delivery methods. It might be clear that
the new warehouse will only be used for a fractbrll packaging materials that Straatsma
wholesales. The majority of the packaging materals transported directly to either the
purchase organizations, Grobak or end customers.

3.2) Functions of warehouses Straatsma and De Klok

The fact that several customers are delivered fiteenwarehouses of Straatsma en De Klok
does not happen without a reason. Several books been written about possible functions
of warehouses. Lambert et al (1998) differentiatgwieen 12 different functions that
warehouses can have:

1) Achieve transportation economies

2) Achieve production economies

3) Take advantage of quantity purchase discounts@mehfd buys

4) Maintain a source of supply

5) Support the firm’s customer service policies

6) Meet changing market conditions and uncertainties

7) Overcome the time and space differences that b&tsteen producers and customers.

8) Accomplishing least total cost logistics commenguvaith a desired level of customer

service

9) Support the just-in-time programs of suppliers enstomers

10)Provide customers with a mix of products instead single product on each order

11)Provide temporary storage for materials that ateetdisposed or recycled

12)Provide a buffer location for trans-shipments

Coyle et al (2003) use a more narrow classificafidrey recognize warehouses can add value
in the following ways:

i) Consolidation

i) Product mixing

iii) Service

iv) Contingency protection

V) Smooth operation

The warehouses of Straatsma and De Klok serve aevkthe functions mentioned above.
Among the most important ones are the following:

- Because customers receive a variety of products fraltiple suppliers, Straatsma
not only facilitates product mixing, but consolidat also results in transportation
economies.

- When Straatsma decides to keep certain productstack it facilitates a speedy
delivery of products. It also makes it possible hakeries to order only a few boxes.
This is important, since bakeries often have lichgerage capacity.

- As a wholesale company taking advantage of quaptitghase discounts and forward
buys is one of the most important functions.

- The warehouse of Straatsma is also used for tempstarage in case of order driven
packaging materials.

It might be clear that the warehouses of De Klol &traatsma are distribution warehouses
that play an essential role in conducting busifesStraatsma.
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3.3) Warehouse processes

Multiple authors, including Coyle et al (2003), G2005) and Rouwenhorst et al (2000),
stipulate there are four basic warehouse operations

1) Receiving

2) Storage

3) Order picking

4) Shipping
Other authors like Le Duc (2005) and De Kosterl ¢2@06) also recognize sorting and cross
docking to be main warehousing activities. Namihg tain warehousing activities does
however not give a good impression of how peoplerage within the warehouse of
Straatsma.

It is possible to distinguish four recurring proses involving the warehouse and warehouse
personnel of Straatsma. These processes, whichrisengb a succession of activities, are:

- Receiving and registering packaging materials

- Order picking and delivery

- Inventory check

- Handle ‘haal en breng’ items
An elaborate report on how the processes withiaa&ma should be organized is written in
Beek (2007). It appears however that not all preegesare executed exactly the way it was
intended. In appendix 2 high level flow charts depicted of how the processes within the
warehouse are currently executed. Certain actidkesthe fact that orders are checked after
picking, will need to be taken into account in W&rehouse design process.

3.4) Exact

The way processes are organized is dependent onnfiblenation system that is used.
Straatsma makes use of Exact, an Enterprise Res@aickage (ERP) that is implemented in
July 2007. Although a thorough explanation of gystem is not in the scope of this research,
it is important to mention the way Straatsma ukedield warehouse. Straatsma differentiates
between actual warehouses, which are used for tomerdriven products, and virtual
warehouses, which are used for order driven praduct

When entering an order into the ERP- system thatexms order driven products, Straatsma
differentiates between the following virtual warekes:

- 'Rechtstreekse Levering 10’ (RL10): These are @eies from the supplier directly to
the warehouses of one of the purchase associatdese Straatsma receives a 10%
fee for its services.

- ‘Rechtstreekse Levering 20’ (RL20): These are @eies from the supplier directly to
the warehouses of one of the purchase associatidrese Straatsma receives a 20%
fee for its services. The higher fee compared tol(Rlis based on a higher
involvement in the order.

- ‘Cliént Rechtstreekse Levering’ (CRL): This ‘wareise’ is used when it concerns
order driven products for external customers. Ttey be delivered at the warehouse
of Straatsma, but also at the exact location ofctretomer ordering the product. This
depends on the specific arrangements between Straand the specific supplier.

When inventory driven products are ordered, theyeaither be stored at the warehouse of De
Klok, or at the warehouse of Straatsma. There aveelter various warehouses that can be
selected when entering an order into Exact. Whpifoas are available is visible in table 1.
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Warehousecode | Name

1 Straatsma Verpakkingen bv

A Straatsma Tijdelijk

EURO EUROZAK BV

KLOK KLOK PW

KLSV KLOK — Straatsma

NW Straatsma nieuw magazijn
OVER Magazijn tbv TNO goedgekeurd

Table 1: Warehouse codes and corresponding names

Since Exact was installed, Straatsma originally enask of four of the warehouses mentioned
in the table. Warehouse 1 was used for productsatbee actually stored at the warehouse of
Straatsma. Warehouse EURO is used to conduct lessiioe Eurozak BV. Eurozak is a
financial construction which is of no importancetins research. Warehouse KLOK is used
when items are stored at the main warehouse of IDle KVarehouse KLSV was used to store
items in a building opposite to the warehouse oh&@sma. Both the warehouses 1 and KLSV
are no longer in use. At the®26f January a fire destroyed part of the warehatis2e Klok.
The warehouse of De Klok that was located oppdsitthe building of Straatsma (KLSV)
burned down to the ground. Because of damage, piedaotly as a result of smoke, it was no
longer possible to use the warehouse of Straat#imer.eln order to continue doing business
Straatsma moved into the building of Tatung. WausleoNW was created to register which
products were delivered at the building of Tatuhlgere has been debate about which items
that were stored at the warehouse of Straatsmal dmulised again, and which needed to be
destroyed. After being tested by TNO, it appeahed quite some products were approved for
reuse. These products were stored at the buildifigtoing under the warehouse code OVER.
The insurance company was of course only willingp#&y for the building of Tatung for a
limited period of time. After the warehouse of &tsana was being cleaned, the products
needed to move back to the warehouse at the Caryaelg. For administrative purposes, it
was decided to use warehouse A for this purpose.

3.5) Activity profiling
Activity profiling can be defined as the analysishistorical sales transaction data for the
purposes of projecting warehouse activity and da@teng storage mode, physical layout,
work flow processes, and labor and equipment requents (Schuur 2008). A first step is to
collect information about the following topics:

- Items

- Orders

- Inventory

35.1) Items

Determining which items need to be stored in th® marehouse is not straightforward. First
of all, the decision of customers to leave or jBinaatsma influences which products need to
be stored. Since these decisions are made regutaglyvhole of items that needs to be stored
also changes regularly. Another problem exists \pitbducts that are subject to a seasonal
demand. In these situations it is not sensiblgoagak of an average inventory, since products
are ordered and distributed only during short pkyio a year.

In order to tackle the first problem, it was decide use a fixed moment in time. All items
that were stored at the M6f July 2008 were initially incorporated in thevéstigation.
Neutral items that were stored under warehouse @WE&R were excluded from the
investigation, when they had not been ordered entithe that Straatsma was operating in the
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building of Tatung. The reason for this was thagréhis hardly any demand for these

products, which means they will not be stored im hlew warehouse. Products of customers
which have indicated that they will not receiveith@ackaging materials from Straatsma in

the future were also removed. It is not wise tdgiea warehouse based on items that will not
be stored in the building in the future.

In order to deal with the second problem, it wasidkd to remove products that are subject to
a strong seasonal demand. These products canridigteby Exact, because they are labeled
‘feestartikelen’.

Some items that appeared on the list are relatéakes, and are not actually stored in one of
the warehouses. These items are of course not tateeaccount when analyzing the number
of SKUs for the new warehouse. After subtracting various categories mentioned above, it
appeared that there are 2739 products that neled stored in the new warehouse. The table
below indicates which pieces of information werdemted of these products.

Product characteristics
Itemcode Material
Product description Weight
Product group Volume
Reorder level Printing
Order size Number of picks
Lead time Total demand
Customer group (Customer)

Table 2: Product characteristics

With regard to the volume of products no informatmould be found in Exact. Information
was gathered by consulting some of the large seqsplidoing field research and making
assumptions based on the previous two methodsfathé¢hat the sales entity is sometimes a
certain fraction of a box complicated the task voysly. Exact does not register when the
sales entity is only a fraction of a box. Infornoatiwith regard to product characteristics can
be found in the file SKUs-Straatsma’xls

3.5.2) Orders

Besides the items that need to be stored in a wasehit is also important to characterize
orders that are delivered from the warehouses rafagma and De Klok. In order to obtain
relevant information ,orders that have been dediden the period from 01-07-2007 to 30-06-
2008 were extracted from the system.

Some orders could not be used to analyze the prdéife and were removed from the list.
First of all it was necessary to remove all ordbet were intended for Bakker Bart stores,
since these items will be distributed by Grobakhe future (except Bart’s retail). Orders of
which the order quantity was set equal to zero vaése removed. Orders as a result of direct
sales were also removed since this will not occuthie future. It was also necessary to
remove certain order lines within certain ordersve3al matters like ‘Rembours’, ‘Cliché’,
‘Vracht’, ‘Mn’ and ‘Goudbedrukte verpakking’ do nptovide a useful insight into the order
profile, and were therefore removed from the [&ble 3 indicates what information was
collected with regard to orders. Information wittgard to orders can be found in the file
Orders-Straatsma.xls

! The file SKUs-Straatsma.xls can be found on tke dontaining this report.
2 The file Orders-Straatsma.xls can be found ordibe containing this report
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Order characteristics

Order number

Customer number

Number of order lines

Number of products / order line

Table 3: Order characteristics

3.5.3) Inventory

The inventory position that was obtained on th8 aBJuly does not have much value. This is
a snapshot which cannot be used to calculate thacity that is needed. With respect to
inventory the maximum inventory position and therage inventory position are relevant.
Normally the following formulas can be used to a#dte these inventory positions.

Maximuminventory level =reorderlevel — (demand / year) * lead timein years + ordersize
Averageinventory level =reorderlevel — (demand / year) * lead timein years+ ordersize/2

Equation 1: Maximum and average inventory level (1)

Although the calculations are simple, complicatiansse when using the formulas mentioned
above. One problem is that data fields are notydviidled in correctly. For several items the
lead times and the reorder points are not enteregepy into the system. In order to
overcome this problem a second formula was usethlkmulate the values for average and
maximum inventory position. This formula is baseud the fact that the reorder level is
approximately the same as the demand during tlktilee plus an additional two weeks.

Maximuminventory level =demand / year * (2/52) + ordersize
Averageinventory level = demand / year * (2/52) + ordersize/2

Equation 2: Maximum and average inventory level (2)

In some situations, the order size is not filledcorrectly. When this is the case, both
formulas mentioned above cannot be used. This tisalways a problem. Sometimes one
product has two product numbers because the iteawidsin two different sales entities. Tape
for instance is sold in full boxes, but also in @of twelve roles. It might be clear that only
full boxes can be ordered with suppliers. Therease situations in which a purchase size
equal to one does pose problems. It concerns pr®dubere it is not entirely clear about how
much to order. It was decided to incorporate thesmlucts with their current inventory
levels. It is not realistic to ignore these produall together, while predicting an average and
maximum inventory level does not make sense either.

Another problem concerns products that are storgd at the warehouses of De Klok and
Straatsma. In most cases this concerns boxes vahéchot completely full, which cannot be
stored at the De Klok. There are however also ptsdwhich are stored at both warehouses
in large quantities. In these cases purchasingnsudted about the expected inventory levels.
Table 4 indicates which inventory characteristi@éh been collected. Information with
regard to inventory characteristics can be fountthénfile SKUs-Straatsma.xXls

Inventory characteristics

Maximum inventory position

Average inventory position

Table 4: Inventory characteristics

! The file SKUs-Straatsma.xls can be found on te dontaining this report.
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3.5.4) Chartsand graphs

Solely collecting and consolidating all data is sofficient. It is also necessary to analyze the
data, and to present in a clarifying manner. Maiffgrent matters have been analyzed. Not
all matters are equally important however. The majdacomes of activity profiling are based
on the following three topics.

Number of orders

In the period from 01-07-2007 until 30-06-2008, 85@ustomer orders were placed that
needed delivery from the warehouses of de Kloktmagdsma. These orders were filed in 261
working days. In the figure below, it is indicatéd what way the number of orders is
distributed over the number of days.

Orders / day

50

40

30

20 —

10 o

Number of days

<15) [15-20) [20-25) [25-30) [30-35) [35-40) [40-45) [45-50) [50-55) [55-60) [60-65) [65-70) [70-75)

Number of orders

Figure 5: Orders per day

During a regular day, between 25 and 45 ordereatered into the system. There are days
however in which the number of orders more tharbtesithe average number of orders.

Order lines per order
In the figure below it is indicated how many ordé®ve a pre specified number of order

lines.

Order lines per order

25%
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10% 7
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 >15
Order lines

Orders

Figure 6: Order lines per order

The average number of order lines per order is.5[8is does however not give a complete
overview of the situation. The largest categoryoaders are orders which consist of one
single order line. Orders with only two order lirege the next most frequent.
A
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Sojourn time

In order to characterize whether a warehouse 18 sloving or fast moving it is sensible to
analyze the average stay of an item in the wareholss is also called the sojourn time. In
the figure below the sojourn times of SKUs are disai.

Sojourn time

100%

80% T

60% T

40% T

Products

20% T

.|_|.|_|.,_|.'_‘.'_‘.'_‘—

0% T T T
>(16) >(13) >(1/2) >(23) >(5/6) >1 >15 >2 >25 >3 >4  >5

Time (years)

Figure 7: Sojourn time

The slow moving character of the SKUs that Straat$ras in storage becomes very clear
when analyzing the figure above. Almost 40% of $Js have a sojourn time that is longer
than one half year.

The three figures above are displayed, becauseindeate that the new warehouse is rather
slow moving. Not only does an analysis of sojoummets of SKUs reveal that items stay on
average a substantial amount of time in the warghoBased on the combination of the
number of orders and the number of order lines ialso possible to deduct that the total
number of order lines that has to be picked eaghisiguite low. Besides the slow moving

nature of the warehouse, the weight and the volalse need to be mentioned. Boxes are
both fairly big and heavy. An elaborate discussiball findings can be found in appendix 3.

3.6 Conclusions

In this chapter, the logistical flows, processed aativities have been analyzed. With regard
to the logistical flows an important conclusiorthat the new warehouse will only be used for
a fraction of all packaging materials that Straatsmmolesales. The majority of the packaging
materials are transported directly to either theclpase organizations, Grobak or end
customers.

Straatsma makes use of warehouses for differermgopas. It appears that product mixing,
consolidation, facilitating a speedy delivery anghatity purchase discounts are the most
important reasons for Straatsma to store packagatgrials.

After elaborating on the information system and firecesses that Straatsma executes
information was gathered with respect to itemsemdand inventory in order to be able to
profile the activities that Straatsma performs. Aryw important conclusion is that the
warehouse of Straatsma is rather slow moving. Besitie fact that SKUs have relatively
long sojourn times, the total number of order litlest has to be picked is also quite low.
These, and other findings from activity profilingil] have to be taken into account when
designing the warehouse.
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4)  New warehouse Straatsma

The new warehouse that will have to replace bothotin warehouse and De Klok is located
at Binderskampweg 40 in Nijmegen. In order to abtasight into the structure, a map of the
ground floor of the building will be presented iecdon 4.1. A number of remarks will be
made in order to interpret the map in a correctmeann the floor plan it can be seen that the
new warehouse of Straatsma consists of a numldiffefent areas. Each of the areas will be
elaborated on in section 4.2. Besides the fundclitgnaf the areas, additional matters of
interest will also receive attention. Once the diag) is properly described the capacity will
be investigated in section 4.3. In a concludingieac the most important findings will be
summarized.

4.1) Floor plan Binderskampweg 40

A part of the building consists of two floors. Adtiagh it will be indicated which section of
the warehouse consists of two floors, it was deti® to display the floor plan of the second
floor. The exact layout of the second floor is ofinterest in this investigation, since it only
houses office space. The floor plan of the grodadrfof the new warehouse is depicted in

the figure below.
| 45.00m |
\

T | &

Area: 3

36.00m

Area: 1

Area: 4

%rea: 5

Area: 2
Area: 6

Figure 8: Floor plan new warehouse Straatsma
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A number of remarks need to be made in order tly fuhderstand the floor plan that is
depicted in the figure above:

- The areas with a red cross are not accessible remtSma. The small area is a
maintenance area, while the larger area is useddifjerent company.

- The soft lines in the floor plan indicate the supf@ams in the building.

- Objects that are located on the ground are alsiztgelin the floor plan. This is useful
since they are important factors to take into anotethen the rack layout needs to be
developed. It must be noted that the doors, thee dscapes, the pipe and the fire
extinguishers are exemplified. Otherwise the oljegbuld barely be visible. The
dock levelers and the staircases are large enaulgh displayed on scale.

- Only the large area (area 1) does not have a sdtmord Offices are located above all
other areas, including the docks.

- The different areas of the warehouse are numbditesl functionality of the numbers
will become clear in the next section.

4.2) Different areas new building

In the following sections each of the areas thatwasible in the floor plan from the previous

section will receive additional attention. Besidbe functionality of the area it is in some

situations important to mention additional inforroat like for instance the height of the

building, or possible objects that need to be takéo account. It must be noted that the
numbers in the headings of the following sectionsrespond to the numbers that are
displayed in the floor plan. This way it is possilbd determine the location of an area in the
warehouse.

4.2.1) Areal: Main warehousing area

Area 1 is the main warehousing area. It is apprakghy 45m x 36m large, and will be
responsible for a large part of the storage capacithe new building. There are a number of
different matters in this area that need to beudised.

Floor

The floor is constructed of 0.13 m of concrete op of construction plastic. Each square
meter is reinforced with 25 kilograms of steel fibEhis should not impose restrictions on the
operations of Straatsma. It must be noted howdaagrthis is not investigated.

Support beams
Four identical support beams run across the manehveaising area. In the figure below, the
dimensions of the beams have been depicted.

18.00m

0.36m—»

Figure 9: Support beams in main warehousing area
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One big advantage of the structure is that thezenarsupport columns in the middle of the
area. The beams do jut out 1.15m on both sidekeobtiilding however. The support beams
have a width of 0.29m.

Useable height

The general height of the building can largely edutted from the figure about the support
beams, since the roof of the building is positiomedtop of the support beams, and the
support beams are at most 0.50m high. The geneigihthis not equal to the useable height
however. The building does not have a sprinklertesys In the event of fire, both the
warehouse docks and ten smoke hatches that aréopedi in the roof of the main
warehousing area are opened in order to make $ateheat and smoke can leave the
building. This type of fire protection systems l@ssequences for the useable height. The
‘Rook- and Warmte Afvoerinstallatie’ (RWA) of theew building has recently been
investigated. Based on this RWA-calculation, in bamation with an analysis about the fire
sensitivity of the products stored, it was deteedithat, in order for warehouse personnel to
have a safe getaway, packaging material cannotdwkexi above five meter (Rapportage
F23819-rap0l1a, 2008).

Obstacles
Besides the main columns, there are a number ef abstacles’ that need to be considered
when designing for instance a rack layout:

- Staircases

- Fire escapes

- Fire extinguishers

- Pipes

- Dock levelers
The positions of the obstacles are visible in fberfplan. The warehouse is also equipped
with a number of vans, two heaters and four sexieseon tubes. These objects do not pose
any restrictions with regard to the design of tharetouse however, and are therefore
neglected in the remainder of this investigation.

4.2.2) Area 2. Secondary warehousing area
Area 2 is the secondary warehousing area. It iscxppately 30m x 9m, and will also be
used for storage purposes. Besides the functigralithe area it is important to elaborate on
a number of additional matters:
- The floor in the area is similar to the one of than warehousing area.
- The height of the area is completely different frdme main warehousing area. The
support beams have a different structure, becaffieeare located above the area.
The beams do not jut out into the building, and hkeht under a beam is constant.
The useable height in the area is normally appratety 3.5m. This number is
decreased to almost 3m when located under oneeafupport beams.
- The south wall has a number of windows. A las@lased parallel to the south wall in
order to detect a possible burglary.
- There are doors located on both the west and tstened! that need to be considered
when developing a design for the area.

4.2.3) Area 3. Second expedition area

The main expedition area is of course located lekHhime docks. Area 3, which is
approximately 9m x 6m large, will have to serveaasecond expedition area. Since there is
only one leveled warehouse door, it is the onlysfe place where the Straatsma van can
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enter the building. The fact that the area is &1B5m high, results in a rather space efficient
expedition area. During the night, the expeditiozaacan serve as parking lot for the van.

4.2.4) Area 4. Office
Warehouse personnel needs access to the informatstem. Area 4 will provide the space
that is needed for this. It is also possible t@nez drivers from suppliers in this area.

4.2.5) Area5: Entrance lobby drivers

Area 5 is the entrance lobby for drivers that dreuh to make a delivery to the warehouse. A
counter facilitates that it is possible to conta@rehouse personnel without entering the
secondary warehousing area.

4.2.6) Area 6. Docks

The new warehouse has three docks that can betadedd and unload trucks. The length
and the angle of the docks should make it posé$drl@ wide variety of trucks to access the
building. This has not been investigated however.

4.2.7) Area 7. General entrance lobby

Area 7 is the general entrance hall of the buildimaf is of no direct interest to warehouse
operations. It will not only be used by Straatsimat, also by the other company. The stairs
towards the offices on the second floor is alsated in the entrance hall.

4.3) Capacity of warehouse

The decision to move into the new building was madtbout a thorough analysis of the
capacity requirements that Straatsma has. This diefgstely not mean that such a rough cut
capacity check is obsolete at this point howeveneidiscussing the capacity of a warehouse
it is important to consider both the flow capaatyd the storage capacity.

4.3.1) Flow capacity

The new warehouse has three docks, and a leveleshawzse door to accommodate the flow
of SKUs in and out of the warehouse. When using decks for the inflow of products and
one dock for the outflow of products, it is unlikehat the flow capacity will pose a problem:

- The Straatsma van can always go to the warehouse gituated at the second
expedition area. Because other vehicles do not ms&ef this door the flow capacity
with regard to the Straatsma van is guaranteed.

- Reserving one dock for the remaining out flow iffisient, since Straatsma only
makes use of De Klok for its transportation neddls packages are often delivered
at the depot by the Straatsma van).

- Having two docks for incoming goods does not pospra@lem. The number of
suppliers that frequently deliver products is faitbw. Proper planning should
definitely make it possible that trucks do not h&wvevait for one another.

4.3.2) Sorage capacity

In appendix 4, an estimation of the total numbepaifets that can be placed in the building is
compared to an estimation of the number of patleations that Straatsma needs to store all
its packaging materials (based on April 2008). Tbeclusion is rather straightforward. Even

when taking into account that the number of storagations that are needed to store the
SKUs that are currently stored at De Klok can digantly be reduced, the storage capacity
of the new warehouse does not suffice. An estinodt¢he total number of pallets that
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Straatsma needs exceeds an optimistic estimatitreafumber of pallet locations that can be
placed in the new building by almost 800.

As a consequence of the shortage in storage speassa has to choose between reducing
inventory (levels) or storing certain customer gr@at an external location. Straatsma is very
clear about this decision. It does not want to diedn advance to store certain customer
groups at an external location. There are a numberasons why Straatsma thinks that it is
possible to decrease the total amount of invergmyificantly compared to April 2008:

- Several products suffered from excessive invenpmsitions in April 2008. Various
items that were stored at the Cargadoorweg dutiediited were approved for sales
(warehouse Over) while this was not expected.

- Inventory policies are changing at the moment.a&¢raa wants to make more use of
the storage capacities of its major suppliers. Bygi this capacity, Straatsma is able
to benefit from low prices that are coupled withglaproduction runs without having
to suffer from high inventory levels.

- Straatsma officially has the policy to send off ksging materials to their
corresponding customers when items are not sold yaa after arrival in the
warehouse. Analyzing the sojourn time of SKUs réydhat this policy has been
neglected however.

The effects of inventory decreasing policies Wilve to be investigated in order to analyze
whether the new warehouse offers enough storagecitggo store all remaining packaging
materials in the long run. It is safe to say howdhat the shortage in storage space will not
be solved when Straatsma enters the new buildihg.cBpacity shortage is quite substantial,
while it takes time to execute the storage redupiigies.

Straatsma acknowledges that the storage capaditye afew warehouse is insufficient to store
all packaging materials in the short term. In orttedeal with this, management has made
sure that Straatsma can make use of the warehduated at the Cargadoorweg for as long
as is necessary in 2009. The general idea is theintory reducing policies will have
decreased the total storage requirements of Stmaatis such an extent, that it is possible to
store all remaining packaging materials in the neavehouse by the end of 2009. Whether
this is possible is highly questionable however.

4.4) Conclusions

In this chapter the new warehouse of Straatsmééeas described. The building consists of a
number of areas of which two are suitable for gfenaurposes:

- The main warehousing area is 36m x 45m. A posigature is the fact that there are
no columns in the middle of the area. A down sglthe stackable height. Despite the
fact that the building is almost 8m high in the,t§fraatsma is not allowed to store
packaging materials above 5m because of fire piiotec

- The second warehousing area has the dimensionsx3m The stackable height in
this area is approximately 3.50m. The column stmégctn this area is different from
the main warehousing area, since it has a flat roof

The capacity of the new warehouse was also analyisel fact that the new warehouse has
three warehouse docks and one general warehousemdd@s that the flow capacity of the

building is not an issue. After comparing roughreates of the total storage capacity of the
new warehouse and the storage requirements oftStraait became clear that Straatsma will
suffer from a major shortage in storage capacityewer.
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Straatsma does not want to decide in advance te glartain cuatomer groups at an external
location. In order to deal with the shortage ofrafe space in the long run, a number
inventory reducing policies were introduced. To pemsate for the definite shortage in
storage space in the short run, Straatsma is ables¢ the warehouse situated at the
Cargadoorweg until the end of 2009. Since it isstjopeable whether the new warehouse will
offer enough storage capacity to store all remagimackaging materials at the end of 2009,
space utilization will be of high importance duritig design of the warehouse.
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5) Warehousing design objectives Straatsma

When designing a warehouse there are multiple desigectives. In order to find out which
design objectives are relevant to Straatsma, thewimg steps will be executed. Various
authors have elaborated on design objectives.dtiose5.1 several of these authors and their
corresponding design objectives will be mentiongte design objectives that are mentioned
by different authors obviously overlap to a gresdent. In section 5.2 one list with design
objectives will be presented. The importance of esigh factor depends on both the
characteristics of a company, and the charactesisfithe new warehouse. The importance of
the different design factors that were distinguisirtethe second section will be determined
for Straatsma in section 5.3. In section 5.4 thetnmaportant findings of this chapter will be
summarized.

5.1) Literature review design objectives
There are a number of different authors that hantten about design objectives. The theory
of a number of these authors will be mentioned.

Gu (2005) recognizes there are five indicators afeliouse performance:
- Construction and maintenance costs
- Material handling costs
- Storage capacity
- Space utilization
- Equipment utilization

Goetschalckx & Ashayeri (1989) state that the dbjecof order picking systems is to
maximize the service level subject to resource traimés, such as labor, machines and
capital. The service level is composed of multipletors, such as:

- Average order delivery time

- Variation of order delivery time

- Order integrity

- Accuracy

De Koster et al (2006) emphasize the importancidefobjective function that is mentioned
by Goetschalckx & Ashayeri (1989), but also recagniarious other objectives:

- Minimizing throughput of an order

- Minimizing the overall throughput time (of a batochorders)

- Maximize the use of space

- Maximize the use of equipment

- Maximize the use of labor

- Maximize the accessibility of all items
Because of the importance of delivery times, De t&lo®mphasizes the need to reduce
traveling distance. Since various authors havecatdd that traveling time is an increasing
function of traveling distance, and order pickepersl a large proportion of their time
traveling, reducing traveling distances can be enyeficial.

Coyle et al (2003) differentiate between generdaigie objectives and material handling
objectives. One interesting general design objectss protection. One guideline is that
stacking or storing light or fragile items neareatitems that could cause them damage should
be avoided.
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With respect to material handling Coyle et al (20@@&ntion several objectives that are useful
when designing an order picking system:

- Increase effective capacity of warehouse

- Minimizes aisle space

- Reduce the number of times a product is handled

- Develop effective working conditions

- Reduce movement involving manual labour

- Improve logistics services

- Reduce costs

Rouwenhorst et al (2000) stipulate that design aivies differ, depending on the kind of

warehouse. Maximum throughput at minimum investnat operational cost is considered
to be most important in case of distribution warges, while maximum storage capacity at
minimum investment and operational cost is saidedhe most prominent design objective in
case of production warehouses.

5.2) General design objectives

A great deal of overlap exists when analyzing ttegeliousing objectives and performance
indicators that are listed by the various auth@&@sfore evaluating to what extent design
objectives are relevant to Straatsma, it is fiestassary to create one list. The list must cover
the objectives mentioned above, without having musierlap. The following list of
objectives satisfies this requirement:

Minimize total costs
While some authors have split costs in multiple ponents, it is also possible to create one
design objective covering all expenditures.

Maximize space utilization
This is a clear cut design objective which is mamed by almost all authors. Since space
nowadays is rather expensive, it is crucial toiisean optimal fashion.

Minimize order picking time

This objective relates to both the average ordekipg time as well as the variation in order
picking time. It also includes accessibility of &kms, since this directly affects the order
picking time. Throughput related objectives camdis categorized under this heading.

Maximize order accuracy
The order picking time is not the only characteisf an order that is important. It is also
important that the right products arrive at thdatigustomer in the right state.

Devel op effective working conditions

Effective working conditions include multiple dingans. One dimension includes the safety
of order pickers. Effective working conditions alsslates to the way an order picker picks
items. Order picking might for instance be easibewitems are stored on a pallet compared
to deep drawers which are not easily accessibleoidtvyg heavy manual labor and
minimizing the number of times a product is handéed also important when considering
effective working conditions.
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Maximize flexibility

Although this last objective is not mentioned dihgcit corresponds to a certain extent with
multiple objectives mentioned in literature. Tworgmonents of flexibility are the ability to
achieve a higher output for a short period of tiarg] to overcome problems such as machine
failure or absence of personnel. It must be nolted dther matters can also fall under this
category.

Labor utilization and equipment utilization are moentioned explicitly, because they are
incorporated by the minimization of costs and tleximization of flexibility.

5.3) Design objectives Straatsma

Now that a list of design objectives is drawn ugsipossible to evaluate to what extent the
specific objectives are relevant to Straatsma. Deteng the importance of various design
objectives is based on various matters. Not ontwic profiling and the capacity check
serve as input. Discussions with multiple membéth® organization of Straatsma have also
contributed.

Minimize total costs

There are two reasons why costs are especially riaqo Straatsma wants to move all its
pick locations into one new warehouse, becausedkpected that this saves money. When a
company moves into a new warehouse to increasadtance its throughput, there is a lower
emphasis on costs. The second reason why minimibmgotal costs is especially important
is because of the short time span. It is not senstbmake huge investments when the pay
pack period is limited to three to five years. Thexlittle time for the investments to pay out.

Maximize space utilization

The capacity check has made it abundantly cledardpace utilization is crucial. By using
space in an efficient manner, the shortage in geocapacity needs to be minimized as much
as possible.

Minimize order picking time

Minimizing the order picking time is not a specifjoal for Straatsma. This does however not
mean that the order picking time can be neglec@edtomers that have their products stored
at De Klok that place their orders before 12.00penmmomised a delivery on the next day. It
is also possible that orders that are deliveret wie Straatsma van have to be picked within
a few hours. This is the case when the area inlwdicertain customer is located is scheduled
for delivery the next day. When analyzing the deedl mentioned above, it is clear that the
order picking time is a certain boundary conditidithough there is no need to optimize it, it
IS necessary to make sure that all customers medhieir packaging materials in time.
Accessibility of all items is therefore crucial.

Maximize order accuracy

Certain policies like zoning can increase the chaon€ order picking mistakes. Every
company wants to prevent these kind of mistakesusex of multiple reasons. First of all it
affects customer satisfaction. Another reasonas alietion has to be undertaken to restore the
wrong shipment. In this sense order accuracy imitelfy important to Straatsma. Delivering
the wrong products does however not result in ipegalty clauses.
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Devel op effective working conditions

Safety is very important in every warehouse. Iis tase the new warehouse of Straatsma is
no exception. Avoiding heavy manual labor and mining the number of time a product is
handled are also important to Straatsma, espeaiabe there are quite a number of products
that weigh more than 15 kg. The fact that the wamemg of Straatsma has a lot of SKUs
with a low throughput reduces the necessity foeai¥e working conditions. Since certain
SKUs are only picked a few times per year, the edspicking is not always the most
important determinant.

Maximize flexibility

There are two reasons why flexibility is especiathportant for Straatsma. The first reason is
that demand of products is not constant throughhbeat year. It is therefore a definite
advantage when it is possible to increase the vofpihe warehouse temporarily.

The warehousing function of Straatsma is relativ&tyall, compared to large third party
logistics providers. This means that both warehaysitaff and equipment will be minimal.
As a result an order handling equipment failuréherabsence of a warehouse employee will
automatically lead to a high loss percentage wWisxibility, as in the ability to compensate
for the absence of warehouse personnel or therdadfihandling equipment, is therefore an
important factor for Straatsma.

5.4) Conclusions

It was possible to extract a list of six warehowdssign objectives from theory. The

importance of the design objectives depend onplkeiic characteristics of Straatsma. In the
table below the six design objectives are listeddmbination with the factors that influence
whether a certain objective is relevant to Straatshi final conclusion with regard to the

importance has been noted in the last column ofathie.

Design objective Factors Conclusion

- Reason for relocatiort)
- Short time spantj

- Minimize total cost Highly important

- Maximize space utilization - Limited capacity newarehousef) | Highly important

- Delivery agreementg)
- Not a specific goal|)

- Minimize order picking time Moderately important

- Involves customer satisfactiof) (
- No large penalties involved)

- Maximize order accuracy Important

- Heavy SKUs 1)
- Slow moving SKUs )

- Effective working conditions Moderately important

- Relatively small crew?(
- Fluctuating demandf}

- Maximize flexibility Important

Table 5: Importance of design objectives with regarStraatsma

The minimization of the total cost and the maxirtiia of space utilization are the most
important. These have to be taking into accoumiase the whole relocation profitable.

The order picking time must be short enough toilfudklivery agreements, but there is no
reason to minimize this number as far as possiliie. order accuracy is important although
there are no severe penalties for wrong delivefiée. effective working conditions are not
always an important determinant since there aa aflslow moving SKUs. The flexibility is
important for Straatsma because of the relativeiglscrew and the fluctuating demand.
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6) Warehouse design models

Designing a warehouse is a complex process thaties many decisions and considerations.
In order to execute the process in a proper maiinsrsensible to use a structured approach.
In section 6.1 a number of frameworks for warehalesgn that are eligible for use will be
explained. In section 6.2 the model that will bedus1 the remainder of this investigation will
be selected. A framework is a general model thatoisconcerned with specific instances.
How to use the model when designing a warehousé&ti@atsma will receive attention in
section 6.3. In the last section the major findinfjthis chapter will be summarized.

6.1) Literature review and pre selection warehouse design models

Various authors state that research on warehoussiaies has mainly focused on isolated sub
problems (Govindaraj et al 2000; Rouwenhorst &08l0; De Koster et al 2006; Baker et al
2007). Multiple frameworks in which the steps thated to be performed when involved in

the process of warehouse design are availabldaraiure however. In chronological order

Heskett et al (1973), Apple (1977), Firth et al§&9 Hatton (1990), Mulcahy (1994), Oxley

(1994), Govindaraj et al (2000), Rouwenhorst e{28l00), Rowley (2000), Rushton et al

(2000), Bodner et al (2002), Hassan (2002), Wg@063), Rushton et al (2006), Gu (2005)
and Baker et al (2007) have all presented modelsylstematic warehouse design.

It is not wise to elaborate on all the models descrabove. According to Baker, many of the
frameworks that are mentioned above have a highreamality. Besides commonalities in the
actual steps, authors also have similar thougtts regard to the whole process:

- Itis acknowledged that warehouse design is higbipplex.

- Step by step approaches are used to tackle corhplexi

- Steps are interrelated and a degree of iteratiopesled.

- It may not be possible to identify the optimal $mn because of the high number of

possibilities.

Because of the large number of frameworks and #@inmonalities it was decided not to
elaborate on each of the frameworks. Only framewdhat were published after the year
2000 of which the full text is available without rphasing costs will receive additional
attention. There are five different frameworks timatet the criteria.

6.1.1) Govindaraj et al (2000) & Bodner et al (2002)
Govindaraj has developed a framework for desigaimgarehouse that consists of five phases:
- The first step is the assembly of relevant data.
- The second step is to formulate a number of funaticequirements based on the data
collected in the first step. Possible cost targety also be formulated.
- The functional requirements can assist in makimg hével design decisions such as
the decision to use a forward area, batch produaise automatic storage systems.
- The next step is to focus on detailed specificationorder to optimize the individual
warehouse systems.
- After detailed specifications are set, the phasdatd collection starts again.
The framework that Govindaraj has presented clesdprporates the iterative nature of
designing a warehouse. The process described abuigeialized in figure 10.
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Figure 10: Warehousing design process (Govindaraj 2000)

The framework that is mentioned in Bodner et aD@(as identical to the framework that has
just been described.

6.1.2) Rouwenhorst et al (2000)
Rouwenhorst also recognizes that a number of steesl to be executed: concept, data
acquisition, functional specification, technical esflication, selection of means and
equipment, layout and selection of planning androbpolicies. Instead of elaborating on the
different steps however, a top down approach iatetewhich clusters decisions at a similar
design level. The goal is to reach an optimum, Ipfintzing several sub problems
simultaneously. The design levels that are disisigrd are strategic, tactical and operational.
Decisions that are made on a higher design levebs®a restraints on decisions that need to be
made at a lower level. Three figures have beenenleandicating the decisions that need to
be made in each of the design levels. In ordeflustiate the type of decision, the figures
consist out of three axes:
- Processes: The decisions that need to be takezithes related to receiving, storage,
order picking or shipping.
- Warehouses resources: Resources comprise among tbihgs storage conveyers,
storage systems, pick equipment, but also personnel
- Organization: Organization refers to policies thabmpany has, in order to operate in
an appropriate manner.

Strategic level

Decisions that are made at this level are long temnd often have a large impact on the
capital investments that need to be made. Theidasisnainly concern the process flow and
the selection of the types of storage systems. vamview of the decisions that need to made
can be seen in figure 11.
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Figure 11: Decisions at strategic level (Rouwenthetrsl 2000)

Tactical level

Tactical decisions do not have the same long tempact. Problems that are dealt with in the
tactical phase include the dimensions of resousoesthe design of a layout. An overview of
the relevant decisions is depicted in the figuiewe

E Forward and Bacth size
- reserve area
8
g
g‘ll
- Storage concept
o
Pick zones
Receiving Storing Orderpicking Shipping Processes
Mumber Technical Mutnb er
of docks zones of docks
Lay out ‘
I I !
Peripheral equipment and worle force capacity |
’* /
/ | Stroring and picking equiptment ‘
Figure 12: Decisions at tactical level (Rouwenhetsil 2000)
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Operational level

The time span of decisions that are made at thed Is about one year. The decisions concern
assignment and control problems of people and egemp. An overall picture of the relevant
topics can be seen in the figure below.

E Dock Replenishing task | Bacth formation | Dock
E assgnment assigniment Picking task assigument
E asdgnrment
&1
5 | Sequencing picks |
Storage plan
| Dwellpom |
| Chute assignment |

Receiving Starage Crder picking Shipping Processes

Waorke force assignment

[

Figure 13: Decisions at operational level (Rouwesthet al 2000)

Clearly the model does not elaborate on all thgestaof warehouse design. Both the stages
concept and data acquisition are not included eafrthe design levels.

6.1.3) Gu (2005)

According to Gu, the process of warehouse desigstitates out of two sections: warehouse
decisions and warehouse operations. Within botkicseca number of different categories

can be distinguished, which are each linked to ipleldecisions that need to be made. The
exact decisions that need to be made in each aiteections is illustrated in figure 14.
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Design and Operation Problems Decisions
*  Material flow
Overall Structure ®  Department identification
Relative location of departments

Size of the warehouse

Sizing and Dimensioning . . .
Size and dimension of departments

e  Pallet block-stacking pattern (for pallet storage)

*  Ajsle orientation
Warehouse Department Layout

Design e  Number, length, and width of aisles

* Door locations

s Level of automation
Storage equipment selection
Material handling equipment selection (order picking,
sorting)

Equipment Selection

*  Storage rule selection

Operation Strategy C .
P & ®  Order picking method selection

Truck-dock assignment
Receiving & Shipping ®  Order-truck assignment
Truck dispatch schedule

SKU- e  Assignment of items to different warehouse
Department departments
Assignment *  Space allocation
Storaze Zonine Assignment of S:-KUS to zones
Warehouse = " Assignment of pickers to zones
Operation Storage *  Storage location assignment
Location e  Specification of storage classes (for class-based
Assignment storage)
Batching * Batchsize .
Order - ®*  Order-batch assignment
Picking Routing & * Routing and sequencing of order picking tours
Sequencing * Dwell point selection (for AS/RS)
Sortation ®  Order-lane assignment

Figure 14: Decisions in warehousing design and l@rsing operations (Gu 2005)

Gu has made a few important remarks in relatichéausage of the model described above:

- Gu realizes that design problems are interrelaleds emphasized that it is not
possible to solve matters independently.

- It is important to note that the process is noctyr sequential. One needs to take
certain operating problems into account in the gtegihase. Having to alter matters
afterwards can be very costly.

- The importance of performance evaluation is stigaalt can not only be used to
evaluate possible warehouse configurations, bottalsiarrow down the design space
during the early design stages.

Based on the remarks made above, it is now possildeow a graphical representation of the
entire model.
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Figure 15: Graphical representation warehouse desigdel (Gu 2005)

6.1.4)

Baker et al (2007)

In his article Baker compares both frameworks ti@ate been mentioned by other authors, as
well as those that are used by companies spedaliz@arehousing in order to come up with
a general framework for warehouse design. Accordimghe article, warehouse design
consists of the following 12 steps:

1)

2)
3)

4)
5)

6)
7
8)

Define system requirements: Refers to the requinesnhat are valued in the whole
supply chain, and also includes matters like plag@ind environmental issues.
Define and obtain data.

Analyze data: Plain data needs to be analyzed ¢h aumanner that it can support
decision making.

Establish unit loads to be used.

Determine operating procedures and methods: Tépsrsfers to matters like batching,
zoning and so on.

Consider possible equipment types and charactevisti

Calculate equipment capacities and quantities.

Define services and ancillary operations.
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9) Prepare possible layouts.
10)Evaluate and assess.
11)ldentify the preferred design.

6.2) Selection of warehouse design model

Now several warehouse models have been explainedtime to select the model that can
best be used to design the warehouse of Straagdteaintroducing three criteria that will be
used to evaluate the warehouse design models| tatel the models to see which warehouse
design model can best be used.

Since formal criteria indicating which design motteluse in which situation are nonexistent,
a number of plausible criteria will have to be civatd. It was decided to rate the models
based on the following criteria:

- Appropriate design levels: For the design of theelvause of Straatsma it is necessary
to make both strategic decisions, as well as ojeatdecisions. It is very beneficial
if this is incorporated into the design model.

- Adaptability: Certain decisions that are relevanhormal warehouse design processes
might not be important in others. It is conveniamten such changes do not disrupt
the model to a great extent. The same thing casaigeabout decisions that are added.

- Prescriptiveness: The decision to search for argemearehouse model was made in
order to have a good overview about the decidioasneed to be made, and the order
in which to make them. Whether models are preseépin this sense is the last
criteria on which the models will be rated.

In the table below it can be seen how the modaiseson the different criteria that have just
been introduced.

Model / Criteria Appropriate design levels| Adaptability Prescriptiveness
Govindaraj et al (2000) + + --
Rouwenhorst et al (2000) ++ ++ -

Gu (2005) + ++ -

Baker et al (2007) -- - +

Table 6: Scoring warehouse design models

A short discussion will reveal why the models hawtained the scores that are depicted in
the table above.

Govindaraj et al (2000)

A plus is scored on the criterion appropriate desayels because of the distinction between
high level architecture and systems specificaind optimization. The model scores a very
narrow plus on adaptability because it commitsitooat nothing. This mean there is liberty
with how to proceed. The model of Govindaraj scarey badly on prescriptivenes. First of
all, little is mentioned about the different suligethat have to be discussed. Secondly there no
information about how to proceed in the stagesimciure and system specification and
optimization.

Gu (2005)

With regard to appropriate design levels the motléGo scores a plus because of the
difference between high level warehouse decisionkslaw level warehouse operations. The
model scores full points on adaptability. Decisimas easily be added to both the subjects
that are distinguished in the section about wars@alecisions, as well as to the different
processes that are mentioned under warehouse iopstaf lower score is allocated on
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prescriptiveness. The process does not have a stading or end point, while a clear
explanation on how to incorporate performance aglg also neglected.

Rouwenhorst et al (2000)

Because three different design levels have bedimgisshed, the model scores full points on

the first criterion. The fact that it is very eaRy either incorporate or remove decisions

relating to both resources and organization reggrdil warehouse processes results in the
highest possible score on adaptability. The modetes lower on prescriptiveness. Although

it provides a good overview about the differentisieas that need to be made within a design
stage, it is stated that the decisions have todmersimultaneously.

Baker et al (2007)

The model of Baker is assigned the lowest possibbee on appropriate design levels. This is
because the model is not equipped to make opeshtitmtisions. The model also scores bad
on adaptability. Removing or adding a number ofislens clearly disrupts the model. The
model is rated a plus on prescriptiveness. It mgs the different decisions that need to be
made, and the order in which to make them reaspnedll.

When looking at the table that indicates the scofebe various frameworks for warehouse

design, it is clear that the model of Rouwenhashost suitable for usage in the remainder of
this thesis. It scores higher or just as high démréteria in comparison to the models of both

Govindaraj and Gu, while the scores of the modek is presented by Baker on both

appropriate design level and adaptability makesgossible to select this model. This does
not mean that the other models are completely gisded. Because of the adaptability of the
model of Rouwenhorst, it is possible to incorpomeisions from other warehousing design
models.

6.3) Usage of framework for warehouse design

The remainder of this thesis will be based on theelvouse design model of Rouwenhorst et
al (2000). Chapters seven to nine will each coomrdpo one of the design levels. The first

section of each of these chapters is an introdudhat is explanatory for how the model of

Rouwenhorst is used to design the warehouse cdtSina. It consists of three sections.

Overview of relevant decisions
The introductions will start with a chart similao the ones that were introduced when
explaining the model that depicts the relevant slens that Straatsma has to make. Here it
becomes clear that the model will not be used &xas was described in the previous
section. Certain decisions that were depicted erctiarts corresponding to the design levels
when introducing the model will not receive attenti
- When making decisions on warehouse subjects, ddmsions may become obsolete.
There is no need to consider several sorting systehen you are not going to batch
orders.
- Most decisions that need to be made at the opaesdtievel will be disregarded
because they fall outside the scope of this ingaton.
On the other hand there are also decisions thaadded compared to the charts presented
earlier. The model was selected partly becausetsofidaptability. Decisions from other
warehouse models can be added when this proviaisosd! insight.
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Flow diagram
According to the model of Rouwenhorst, the decisiah a certain design level need to be
solved simultaneously. There seem to be differemeaeng the various decisions that are
mentioned at a certain design level however.
- Certain decisions can be made based on a combirgdtibeory, the design objectives
and the findings of activity profiling, without mbhi@mphasis on other decisions.
- There are also decisions that can only be madeedyowhen other decisions at the
same design level have already been discussed.
- In some situations decisions are in fact very mugthted. The consequences of one
decision severely affect the other decision, bsw #he other way around.
A flow diagram will be presented in order to illtege in what order to make the for Straatsma
relevant decisions. It indicates which decisions lsa made rather independently, and which
are heavily dependent on others.

Confrontation matrix

In the third section of the introduction, a confiation matrix will be presented that links the
design objectives to the various decisions thatinede made. It will indicate which design
objectives are especially important when makingaterdecisions. This is helpful in order to
understand the remainder of the chapter.

When the introduction is ended the different decisithat need to be made will be worked
out in the subsequent sections. The numbers irflole diagrams will correspond to the
sections in the chapters to provide a good overviene last important remark is that the
warehouse design model is a way to structure thiside process. It does not provide all the
answers with regard to the decisions that neee tmdde.

6.4) Conclusions

This chapter started with a brief literature review warehouse design models, after which
four different models that could be extracted frierature were explained. When making a
comparison based on appropriate design levels, taoiity and prescriptiveness, the model
of Rouwenhorst et al (2000) proved to be the mppt@priate option.

The model of Rouwenhorst divides the warehousegdesiocess in three stages: strategic,
tactical and operational. Each of the decisiona aertain design stage are supposed to be
made simultaneously. The following chapters comwespto the design levels that are
mentioned in the model. The model will not be usedctly as was described in theory. There
are certain decisions that are not important foaggsma, while other decisions can be added
to provide additional insight. To use the framewedch of the following chapters will start
with an introduction that has three purposes:

- The different decisions that are important to Stnaa will be displayed.

- Aflow diagram will indicate the order in which toake the various decisions.

- Which design objectives are crucial for Straatsmiaernw making the necessary

decisions will become clear by means of a confitranatrix.

Once the confrontation matrix has been presentdifferent decisions that are important to
Straatsma will be made in the subsequent sections.
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7)  Strategic decisions warehouse Straatsma

Section 7.1 will be an introduction about the difet strategic decisions that Straatsma needs
to make, as was discussed in section 6.3. In thseguent sections each of the relevant
strategic decisions will receive brief attentioecson 7. 6 will summarize the main findings
of this chapter.

7.1) Introduction strategic decisions

The purpose of this introduction is to indicatewhat way the model of Rouwenhorst et al
(2000) is used in relation to strategic decisiorkimg It will consist of an overview of the
relevant decisions, a flow diagram and a confroonatnatrix.

Overview strategic decisions

In the figure below | present an overview of th&edent strategic decision that Straatsma
needs to make. The figure also indicates whicthefrhajor warehouse processes is involved,
and whether it relates to resources, or organizatio

c
2
®
N
c
©
2
o
Separate L .
forwaFr)d area? e e [ olte
Receiving Storing Picking Shipping Processes
[
[}
§ Level of automation?
P
Q
& Storage
systems?

Figure 16: Overview strategic decisions

When comparing the overview that was just presewiddthe overview of relevant decisions
that was displayed when introducing the theory auW®enhorst, there are two major
differences:

- The decisions about the sorting system and thagounit can be neglected. As will
become clear in this chapter, Straatsma will nokenase of batching in a structural
manner, which makes a discussion about variougrstypes redundant. The storage
unit will also not be investigated. Suppliers ofa@tsma deliver the products on both
euro and block pallets. This will simply have totaken into account in the design of
the warehouse.

- The level of automation is a strategic decisiort ti@s been added. Although this
decision was mentioned in the article of Rouwentdtswas not depicted in the
overview that was presented.

Flow diagram strategic decisions
The flow diagram that | have displayed in the fegurelow indicates in which order the
different strategic decisions will be made.
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Figure 17: Flow diagram strategic decisions

It is clear that the level of automation is someghihat needs to be considered in the
beginning of any warehouse design. It clearly afetmost any other decision that has to be
made. After the most appropriate level of autonmatias been determined, decisions with
regard to the picking policy and whether or nohé&we a fast pick area will be discussed. It is
important to consider the storage types after #a@sibn whether or not to have a fast pick
area, since the storage type in a fast pick areavegy well be different from the type that is
used in the remaining warehouse.

Confrontation matrix
In the figure below | have indicated which desidrjeatives are especially important with
regard to the different strategic decisions thaid® be made.

Decisions
(\.
o |5l | 2
c| 0> 5
S|l &l
g Tlala
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° 25|
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| 8 O |35
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Design objectives
Minimize total cost X | x
Maximize space utilization X X
Minimize order picking time X | X
Maximize order accuracy X
Effective working conditions
Maximize flexibility

Figure 18: Confrontation matrix strategic decisions

The figure above does not need any explanation. éémtain design factors are important
will become clear in the remainder of this chapter.
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7.2) Level of automation

A classification that was proposed by De KostealgR006) was used to decide on the level
of automation, since it provides a good overview tbé different possibilities. The
classification is depicted in the figure below.

Order picking systems

Manual Automatic
(Employing humans) (Employing machines)
|
A A
Picker-to-parts Put system Parts-to-picker Autprqated Robot picking
system system picking

Figure 19: Classification of order picking systefDge Koster et al 2006)

To determine which level of automation is most &l for Straatsma was rather
straightforward. Automated picking operations aot¢ an option, since they are considered
only when dealing with relatively small, unifornzed valuable items (van den Berg & Zijm
1999; Le Duc 2005). ‘Put systems’ and ‘Parts t&k@icsystems’ do not need to be considered
either. These systems all require significant ibwesits in technology, which cannot be
justified when the time span is only three to fixgars. A ‘picker to parts system’ is the most
appropriate order picking system for the new wanskoof Straatsma. This means that the
level of automation will be low.

7.3) Separate forward area

Which types of forward areas can be appropriateni@p on the pick size of the operation.
(Bartholi & hackman 2007). Straatsma is a compaay deals predominantly with case picks.
With regard to case picks, there are two plaustnieard area configurations:

- Picks are made from locations on the ground, whik pallets that are used for
replenishing are stored in the pallet locationg @@ positioned directly above the
pick location.

- Picks are made from a pallet flow rack onto a cgavethat transports the items to a
sorting area. Bulk pallets are stored in a resarea.

To determine whether it is sensible to have a folwarea, it was necessary to analyze
whether the two plausible forward area configuragiare suitable:

- It is not possible to reserve the pallet locatitms are positioned directly above the
pick location of a fast moving SKU solely for bukllets of this specific SKU. Doing
this would result in empty pallet locations in siions when the number of bulk
pallets of this specific SKU is limited. This isagteptable when bearing in mind the
shortage in storage capacity.

- Making picks from a pallet flown rack is also naot @ption. First of all it was decided
to keep the level of automation low. A second reagbat will receive additional
attention later in this thesis, is that a pallewflrack is not suitable for the operations
of Straatsma.

When analyzing the remarks above, it can be coedulat having a separated forward area
in the new warehouse is not a sensible option.
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7.4) Picking policy

o

Different picking policies can be distinguished.cAoding to Tompkins (2003) the three
major picking policies are discrete order pickimgtch picking and zone picking. Wave
picking is sometimes mentioned as a fourth distiecpolicy. The picking policies are not
multi exclusive. In the table below the differemntking policies have been displayed.

Method Pickers / order Lines / pick Periods / shift
1) Discrete One One One

2) Zone Multiple One One

3) Batch One Multiple One
4)Wave One One Multiple
5) Zone-batch Multiple Multiple One

6) Zone-wave Multiple One One

8) Zone-batch-wave Multiple Multiple Multiple

Table 7: Order picking policies

To determine which picking policy is most approteidor Straatsma two different methods
were used:

- In the article of Piasecki (2001), a prescriptihedry was introduced that indicates
when certain picking policies are encountereds lindicated that when dealing with
case picks, discrete order picking is often thetrnsagable policy. Other policies are
only seen in certain special circumstances.

- Using only a prescriptive theory does not seem wiseorder to make a sound
decision, it was investigated whether Straatsma loamefit from the theoretical
advantages that zone picking, batch picking and ewpicking offer. Possible
drawbacks were of course also considered. Thenfysdare presented in appendix 5. It
appeared that there are several reasons why Stiatnnot actually benefit from the
general advantages of zone picking, batch picking wave picking, while the
policies do seem to have certain drawbacks.

Discrete order picking is the most suitable ordekipg policy for Straatsma. It is very
important to note that this does not mean thas mat possible for warehouse personnel to
collect two orders at the same time when they fieisl is appropriate. There is no need to
formalize this however. It is not necessary to stigate for instance batching policies to
obtain combined picking lists.

7.5) Storage systems

There are a large number of different types ofagjersystems. A small explanation of various
types of storage systems can be found in appendi¥oball storage systems are suitable for
Straatsma however. Based on the articles of Brawal €996) and Parrot (1981), a list of
factors that need to be taken into account whegcB8ef a storage system was drawn up, in
order to determine which storage system do not aegdcconsideration. In the figure below, |
have indicated which storage systems can be distedgaand which factors are responsible
for this. In appendix 7 it will be explained whyrtan storage systems do no longer need
consideration as a result of the factors that aetimned by Brown and Parrot.
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Storage systems
Floor stacking X
Standard selective pallet rack
Double deep rack X
Drive-in rack X
Drive-through rack X
Push back rack X
Pallet flow rack X
Carton flow rack X X X
Shelving
Cantilever rack X
Movable rack X
Mezzanine X X X

Figure 20: Suitability different storage systems

After conducting the pre selection, it appeared timdy the standard selective pallet rack and

shelving are feasible alternatives for Straatsmaalyzing the advantages and disadvantages
of both systems showed that both systems can b insthe new warehouse, since they

facilitate the storage of different types of prosucShelving can be used in the secondary
warehousing area, while the standard selectiveefpedlck is an excellent storage system for

the main warehousing area. An analysis of the fipemilvantages and disadvantages of the
standard selective pallet rack and shelving caioi»ed in appendix 8.

7.6) Conclusions strategic decision making

In this chapter several decisions of a strategiaradhave received attention. Four topics have
been discussed: level of automation, separate veesarea, picking policy and storage
systems. It was decided that the new warehousetraatSma requires a low level of
information. Systems with a high level of automatrequire high initial investments which
cannot be justified when the time span is onlydhrefive years.

After analyzing the pick size, it was possibledentify two forward area configurations that
are appropriate according to literature. Neithetheftwo configurations appeared suitable for
Straatsma however. In one configuration it is ingiae to achieve high space utilization,
while the other configuration requires high initiavestments.

It is possible to distinguish multiple picking poés. In order for a company to determine
which policy to select, it is necessary to analydeether a company can benefit from batch
picking, zone picking or ware picking. For Straasit is not sensible to adopt one of the
strategies mentioned. While it is not possible éaddit from the general advantages, some of
the strategies do have significant drawbacks. Biscorder picking, which is also called
single order picking, is the most appropriate sgggatfor Straatsma. This coincides with a
prescriptive theory that was also analyzed.
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After introducing several types of storage systemfre selection was made based on a
number of criteria. All two storage systems thatvued the pre selection appeared to be
suitable for Straatsma. The single selective peadiek is the appropriate storage system in the
main warehousing area, while shelves can be useén isecondary warehousing area.
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8) Tactical decisions warehouse Straatsma

This chapter will start with an introduction abdbe tactical decisions that are relevant for
Straatsma in section 8.1. The tactical decisioas ieed to be made will be discussed in the
following sections. Section 8.5 will state the maanclusions of this chapter.

8.1) Introduction tactical decisions

This introduction will make clear in what way thedel of Rouwenhorst et al (2000) is used
in order to deal with decisions of a tactical natult will consist of an overview of the
relevant decisions, a flow diagram and a confroonatnatrix.

Overview tactical decisions
In the figure below it can be seen which decisioha tactical nature will receive attention in
this chapter.

Organization

Storage policy?

Receiving Storing Picking Shipping Processes

Layout?

74
S
N
9
&
<

Storing & picking equipment?

Figure 21: Overview tactical decisions

There are a number of differences when compariaditiure above, with the figure that was
presented in the explanation of the model of Rounwest:

- There is no need to discuss the batch size, piokgdechnical zones and the size of
the forward area as a result of several strategmstbns that were made in the
previous chapter.

- It is not necessary devote a separate paragraptnetdocks. Since Straatsma deals
with an existing building, the number of docks argiven. Which docks will be used
for which purpose was already mentioned in thei@eebout the flow capacity.

- The peripheral equipment and work force capacituiside the scope of this thesis.
One last remark that needs to be make is that redik® routing and the picking method
were not added as decisions. The layout that wilpiesented will make clear that routing is
not an issue. Picking methods are not discussedubecStraatsma is not considering to
deviate from working with picking lists at this ment.

Flow diagram tactical decisions
The flow diagram that | depicted below indicatesvimich order the tactical decisions will be
made.
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Design Warehouse Theo Activity Strategic decision
objectives characteristics Y profiling making

L= & & B

8.2) Storage policy?

v

8.3) Storing &
picking equipment?

v

8.4) Layout?

A

Figure 22: Flow diagram tactical decisions

The picking policy is the first tactical decisiohat will be discussed. The decision with

regard to the warehouse trucks will be made nemtesit is essential to know the required

aisle width before designing the layout of the neavehouse. It must be noted however that it
is impossible to treat the two decisions stricdggential. The layout will also be a factor that
needs to be taken into account when selecting wasshtrucks.

Confrontation matrix

In the confrontation matrix below | have indicatedich design objectives are essential when
making the various tactical decisions.

Decisions
o o
a £
< o
8l | 2%
65| 2¢
O| 0| E
0|zl 0.2
(20 | [o)Jg]
@® © O
— — q)
] ]
-— -—
Design objectives D D
Minimize total cost X
Maximize space utilization X X
Minimize order picking time X | X X
Maximize order accuracy
Effective working conditions X | X X
Maximize flexibility X

Figure 23: Confrontation matrix tactical decisions

In analogy with the previous chapter there is nedn® elaborate on the matrix at this point.
The remaining sections will make clear why cer@désign objectives are labeled as essential
with regard to certain decisions.

8.2) Storage policy

When goods arrive at a warehouse, they have tedigreed to a certain storage location. The
objectives of this so called storage location assgnt problem (SLAP) are to reduce
material handling costs and improve space utilira{Gu 2005). The SLAP will be dealt with
in two design levels. In this section a storagagyak selected that indicates on what basis
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products are assigned to locations. The SLAP sl alay a role in the operational stage in
order to decide on where to locate which rack gurétion.

The different storage policies that can be distisiged in literature have been investigated. It
appeared that the level of detail is an import&@ison why there is no general consensus
among authors. It is possible to argue that thexeérafact only three storage policies: random
storage, dedicated storage and class based stitragest be noted that it is not necessary for
a company to choose one storage policy. It is m@bommon that companies use multiple
storage policies within one warehouse. An overvieivwhich storage policies can be
distinguished can be seen is appendix 9.

Companies that want to have an efficient orderipgkrocess without sacrificing the space
utilization often have dedicated pick locations hwitandom bulk locations. Since these
objectives are also relevant to Straatsma, it legs bnvestigated whether this is a sensible
storage policy for the new warehouse. After analyzpossible benefits from correlated
storage and full turnover storage, it became dieair having dedicated pick locations is very
beneficial for Straatsma. Storing packaging maleié a single customer in close proximity
to each other can significantly reduce the traveés of order pickers. A detailed discussion
about the benefits of dedicated locations for $raa can be found in appendix 10. Because
of the low number of bulk locations compared to thenber of pick locations, the storage
policy does not attain a space utilization thausiciently high.

One variant of full turnover storage, the Cube ©@iddex (Heskett 1963), will be used when
designing the pallet rack configuration in sect®d. The formula is therefore depicted
below.

Required storagelocations
Pick rate

COl =

Equation 3: COI

In order to achieve a high space utilization inecessary for Straatsma to store multiple
SKUs on a single location. The essence of thisathéviorm of shared storage is that two or
more SKUs share a certain storage location in daleminimize the amount of storage space
that is required. This can be achieved by schegutieliveries of SKUs that are stored
together at different moments in time, thereby dasing inventory peaks and spreading them
over time. The figure below illustrates the effdescribed.

100 3 100 A

80 80

—=— SKUL —=— SKUL
60 SKU2 601 SKU2

40 Totaal 40 1 \ .\ Totaal
i N \J Y\J Y\
0 \ o 0 | |

Figure 24: Decreased inventory peaks by spreaditers over time

No existing literature could be found with regamdstoring multiple SKUs on a single storage
location. A new method was developed to incorpotiaite policy into warehouse design. The
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new method enables to determine the effect thaingtanultiple SKUs on a single location
has on the total storage capacity that is needed.

When applying this deviant form of shared stora§KUs are first assigned to a single
location, in order to subtract the number of instnin which two SKUs can share a single
location. Determining when two SKUs can share aag® location is only possible when
there is insight into the maximum space that igleddo store the SKUs. The formula that is
used for this purpose is depicted in the figureweglHall 1987).

i,j=1.m = Number of SKUs

> "> D, 0D, D, = Demand volume of SKU;,
Quax == T Q... = Maximum volume
2D T =Throughput time

m = Number of SKUs combined on single location

Equation 4: Maximum storage volume

The formula calculates the lowest possible maximsiorage space that is needed for a
number of products that share a storage locatiorthis case m = 2). It is important to
mention the underlying assumptions of the modelha been presented.

- It is obvious that the storage space that is neeldpends to a large extent on the
deliveries of the products that are stored togetimethe model it is assumed that the
deliveries occur at the ideal moment.

- The model does not take into account safety storBige inventory is assumed to be
equal to zero when a delivery of a certain prodaices place.

- Products are assumed to have exactly the sameagtipattime (T). The time between
two deliveries is equal for all products that axred together.

It is necessary to take the underlying assumptainde model into account when making
calculations. Ignoring them would result in unrsidi benefits, which cannot be realized in
real life. Information with regard to which SKUseaapplicable for being stored together, how
the assumptions of the model are incorporated timocalculations and what effect shared
storage has on the capacity requirements can belfousection 9.3. In this thesis, | have
decided to refer to storing multiple SKUs on a Brigcation as shared storage.

8.3) Storing and picking equipment
In order to determine which equipment is most slgtdor storing and picking activities the
following classification was used.

Fork lift trucks

A/ A/
Low lift trucks High lift trucks
y \ y
Conventional aisle Narrow aisle Very narrow aisle

Figure 25: Categorization of fork lift trucks (Kulkeec 1985)
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The trucks that Straatsma will use for order pigkwill require a lift capability, because of
the large number of SKUs and the relatively limiteakehouse floor. This combined with the
decision to use back-to-back selective pallet raeksilts in the fact that both the trucks for
unit load movements and order picking will havectame from the same category. After
analyzing the advantages and disadvantages ofcbatrentional aisles and very narrow aisle,
it became clear that narrow aisles are the mostopgppte for the new warehouse of

Straatsma.

Within the category of narrow aisles there are ipldttrucks that can be used for order
picking and unit load movements. A list of key permiance indicators (KPI) was drafted
based on the articles of Brown et al (1996), MucélP94) and Piasecki (2003). | rated the
different trucks on the basis of : cost/producyivépace utilization, flexibility and effective
working conditions. How different trucks score tve KPlIs is visible in the tables below.

Key performance indicators

Reach truck

Straddle truck

Cost / productivity

+

Space utilization

+

Flexibility

+

Effective working conditions

+

+

Table 8: Selection truck unit load

movements

Key performance indicators

Reach truck

Straddle truck

High level order picker

Cost / productivity

+

Space utilization

+

+

Flexibility

+

+

+

Effective working conditions

+

Table 9: Selection truck order picking

Based on the high emphasis on cost/ productivity space utilization, it was decided to use
straddle trucks for unit load movements and higelleorder pickers for order picking
activities. A more detailed discussion about thiect®n of storing and picking equipment
can be found in appendix 11.

8.4) Location of storage systems

Before being able to decide on where to locateagedtorage systems, it was necessary first
to make a number of preliminary decisions. Matteed required attention are: the direction
of pallet placement, the aisle width, the exacetgpracks, and the cross aisle.

Once the preliminary decisions were made, it wagetto look at the layout of the main
warehousing area. Not everything was incorporateahae. Based on the article of Frazier
(1991) all obstacles except the main warehousihgnuoas were initially ignored. A number

of simplified layouts were created in order to dei@e which basic disposition is most
promising. The basic disposition indicates in whattection to place pallet racks, and how to
deal with the main warehousing columns. Two singifrack layouts are visible in the

figures 26 and 27.

@47

Universiteit Twente
de ondernemende universiteit



o

— Rows| Racks (2.70m)| Racks (3.60m) Locations (pallets)
13 - 12 624
1 15 - 45
Sum: 669

o~

Figure 26: Simplified rack layout basic dispositibn

Gommmimn ) A A N A AT A AL A A A LA Rl Rows| Racks (2.7m) | Racks (3.6m) | Locations (pallets
H HH O HH K 18 - 9 648
,,,,,,,,, o Sum: 648

Figure 27: Simplified rack layout basic disposit®dn

The aisles are a bit shorter in the second laywhich normally has a positive effect on
material handling. This does not compensate fordifference in storage capacity however.
The higher space utilization in layout one is awocing reason why this basic disposition is
the most promising when bearing in mind the shertafgstorage space.

The fact that placing pallet racks along the lomtg ©f the building results in a potentially
higher capacity did not automatically mean thas tisposition was selected. It was first
necessary to analyze the effect of staircasesektmguishers, fire escapes, the expedition
area, the cross aisle and the corridor to the sew@mehousing area. Although these matters
do of course affect the storage capacity, it apzbtrat there was no reason to alter the basic
disposition.

Once the rack layout of the main warehousing aras eveated, it was necessary to design a
layout for the secondary warehousing. Relevant émtian is that the direction in which to
place racks was determined based on the locatitimeokindows. Of course various obstacles
like a security laser and a door influenced thecebeyout.

With regard to storage capacity, the main warelmgusirea offers space for 522 pallet
locations on the ground. The number of locationghan secondary warehousing area, when
assuming three locations (0.50m x 1.00m x 1.00roatkd on top of each other is 675. In
figure 28 the total rack layout has been depictednore detailed discussion about the
location of the storage systems can be found iergig 12.
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8.5) Conclusions tactical decision making

In this chapter decisions have been made abousttirage policy, the type of trucks that
Straatsma needs and the layout of the racks. leaapd that Straatsma requires different
storage policies in order to attain the right batametween space utilization and material
handling. It is sensible to store products alwaysh® same location since this facilitates an
efficient order picking process. Random storagehess most appropriate policy for bulk

pallets. As a consequence of the large amountalf lpcations, compared to bulk, it is not

possible to achieve high space utilization solselystoring bulk pallets in a random fashion
however. It will be necessary to store multiple SKon a single location in order to

compensate for the fact that pick locations gehetadve a space utilization that is only

slightly higher than 50%. Since no theory was add in literature, a new method was
developed to incorporate the fact that multiple Skdadn be stored on a single location. SKUs
are first assigned a separate location in ordsulbtract the number of instances in which two
SKUs can share a certain storage location.

After making a classification with regard to théfelient types of trucks that exist, it appeared
that the trucks that Straatsma will use for ordekipg and unit load movements will have to
come from the same category. After analyzing theaathges and disadvantages of different
aisle widths, it became clear that high lift tru¢kat can operate in narrow aisles are the most
suitable for Straatsma. Within this category migtipucks can be distinguished. With regard
to both order picking and unit load movements,edéht trucks have been compared on the
basis of cost/ productivity, space utilization,xflality and effective working conditions.
Using a combination of the straddle truck and tigé level order picker proved to be the best
option for Straatsma.

Several topics needed to be discussed before itpassible to design a layout. Once these
topics had been discussed, a number of simplifeadk tayouts were created for the main
warehousing area in order to determine the mosniging basic disposition. The effects of
objects within the warehouse, the cross aislectinador to the secondary warehousing area
and the expedition area on the storage capacity wealyzed in order to determine whether
the most promising basic disposition was in faet lest choice. Since there was no need to
deviate from the basic disposition that was ifitigkelected, the next step was to design the
rack layout for the secondary warehousing areaerAdbmpleting the total rack layout, it
became clear that the storage capacity of the namehwouse entails 522 pallet locations on
the ground in the main warehousing area, and 67f dbcations in the secondary
warehousing area.
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9) Operational decisions warehouse Straatsma

Section 9.1 will be an introduction about the dexis of an operational nature that need to
be made. In the next few sections, each of theabiperal decisions that need to be made will
receive individual attention. In section 9.5 theimdindings of this chapter will be
summarized.

9.1) Introduction

This introduction will differ from the introducti@that were given at the beginning of the last
two chapters. As was mentioned in section 6.3, mpstrational decisions are outside the
scope of this thesis. Displaying an overview to pare the differences between the
operational decisions that were mentioned by Rotwest to the decisions that will receive

attention in this chapter is therefore useless.oAfrontation matrix is not displayed either

because the nature of the decisions in this chalteot really require a tradeoff between the
various design objectives. A flow diagram is preednn order to illustrate which operational

decisions will be discussed in this chapter anéxplain why the decisions are made in a
certain order.

Design Warehouse Theo Activity Previous decision
objectives characteristics ry profiling making
T

L= & B B

9.2) Storage
locations?

v

9.3) Storable SKUs?

v

9.4) Rack
configurations?

Figure 29: Flow diagram operational decisions

Before discussing which SKUs can be stored in #he warehouse and where to place which
pallet rack configuration, it is necessary to deiee the dimensions of the storage locations
that will be used to assign SKUs to. Once the sifeshe storage locations have been
determined, it can be analyzed which SKUs can beedtin the new warehouse in which

guantity. Where to position which pallet rack coguofiation is the last decision, since it

obviously requires the input from the previous wezisions.

9.2) Sizes of storage locations

It was important to carefully consider the numbkdifferent locations that are used to assign

SKUs to. This number cannot be too small, since Would result in a loss of storage space.
Choosing this number too high is not wise eitheaviHg a large number of different storage

height results in an inflexible warehouse, in whaannot easily be operated. The fact that
certain products can best be placed on block pakealso something that needs to be taken
into account.
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The dimensions of the storage systems were chossuch a way that locations are suitable

for the storage of certain large product groupsvds made sure that block and euro pallet

locations have similar heights, in order to faatkt an easier rack design. SKUs are assigned
to the following locations.

Location Width (m) Depth (m) Location height (m) | Stackable height (m)
Shelf 0.40 0.80 0.60 0.60
Euro 0.60m 0.80 1.20 0.95 0.60
Block 0.60m 1.00 1.20 0.95 0.60
Euro 1.00m 0.80 1.20 1.35 1.00
Euro 1.55m 0.80 1.20 1.90 1.55
Block 1.55m 1.00 1.20 1.90 1.55
Euro 2.05m 0.80 1.20 2.40 2.05

Table 10: Sizes of storage locations

An explanation of each size of location can be tbimappendix 13 .Although it is labeled an
operational decision, sizes of storage location®waéready analyzed at an early stage. In fact
it was not clear that multiple products would besigised to a single storage location.
Although SKUs are assigned to these locationsgetbfethe locations mentioned above will
not be visible in the new warehouse:

- When analyzing the sizes of the locations, it watsatear that existing racks would be
used in the shelving area. As a consequence, thendions of the smallest locations
in the warehouse will deviate from the dimensidrat aire mentioned above.

- Both locations Block pallet 0.60m and Euro pall&0dn will not be found in the new
warehouse. As a result of storing multiple SKUseaosingle location, the locations
with a stackable height of 0.60m will disappear.

How these matters are incorporated in the capacitplem will be dealt with in the next
section.

9.3) Storable SKUs new warehouse

In order to be able to state where to position Whype of pallet rack configuration, both the

type and quantity of the SKUs that will be storadhe new warehouse must be known. To
obtain this information, it was first necessarassign SKUs to storage locations. It might be
clear that both the purchase size and the sizéeobbxes were taken into account when
assigning SKUs to storage locations. When not dgaliith a bulk item, an estimation of the

safety stock was also incorporated in order to ea@hispace utilization. There is one
important remark that needs to be made.

The number of bulk pallets that Straatsma hasarage will be reduced in the future because
Straatsma is going to use the storage capacitis ahajor suppliers. In order to evaluate the
effect that this has, the purchase sizes from lklUsSthat arrive in batches of 50 items or
more have been reconsidered. After deliberatindy whe purchase manager, the purchase
sizes of 292 SKUs were altered. It appeared thatpiblicy reduces the storage requirements
by at least 200 pallet locations. Which SKUs heaeeived an alternate purchase size, and
how SKUs are assigned to storage locations caedreis the SKUs-StraatsmaXxls

After assigning the SKUs to storage locations,aswecessary to analyze the effect of shared
storage. It is not possible to apply shared storelgen dealing with large storage locations.
SKUs that are stored on these locations often ¢h&emwarehouse on full pallets. Adopting

! The file SKUs-Straatsma.xls can be found on tse dontaining this report.
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shared storage would result in an excessive amoumaterial handling. SKUs that are
assigned to shelves, Euro 0.60m-, Block 0.60m- Ba 1.00m locations can sometimes
benefit from shared storage.

The proportion of the actual stacking height coregaio the overall size of a location was
one of the reasons why shared storage was investig&/hile the total location height of the
Euro 0.60m and the Block 0.60m is 0.95m, the acttaadking height is only 0.60m as a result
of the joist, the pallet and the room that is neletteplace the pallets. This means a loss of
storage space of 37%, which could not be toleratten applying shared storage, the SKUs
that were initially assigned a Euro 0.60m weregaled to a Euro 1.00m. SKUs that were
assigned a Block 0.60m were placed on a Block 1,00mew type of location. The big
guestion was of course how many locations of Euf®rh and Block 1.00m are needed in
order to store not only the SKUs that were oridinaksigned to the Euro 1.00m, but also all
SKUs that were in first instance assigned to atlonawith a stacking height of only 0.60m.
To analyze this, it was first assumed that all SKdds assigned an individual location, in
order to subtract the number of instances in whiadhSKUs can share a single location.

In appendix 14, the benefits of shared storage baem calculated. It is also elaborated on
how the assumptions of equation 4 were incorporatedthe calculation. It must be noted
that the essence of the calculations is not tavgeh combinations of SKUs can be stored on
a single location. The model is used to give ammedion about the number of storage
locations that is not needed in the warehouse @s@t of allowing multiple SKUs to be
stored together.

It appeared that lowering purchase levels and applshared storage alone does not lead to a
reduction in the storage requirements that is lageugh for all remaining packaging
materials to be stored in the warehouse. SinceatStrea decided that moving certain
customer groups to an external location was naipion, alternative measures needed to be
taken. After consulting the management of Straatdnd@cided to complete the warehouse
design on the basis of as much fast moving SKUmasible.

After an extensive analysis, it appeared that tbeage capacity of the new warehouse was
reached when including all the SKUs with a sojotimme of 1.3 years or less. Although this
seems perfectly acceptable it does entail thatvdrehouse does not facilitate the storage of
406 SKUs that were stored at July 2008. The warshaesign process will continue on the
basis of the 2333 most fast moving products. Aifjaation why it is not possible to store
more SKUs in the new warehouse can be found inrappd.5.

9.4) Pallet rack configuration

To determine which type of pallet rack is most appiate in a certain section of the

warehouse, it must be clear which types of prodamtsstored in that section. It is therefore
necessary to assign groups of SKUs to specifidecbf the warehouse. As mentioned in
chapter two, assigning individual SKUs to specsfiorage locations is outside the scope of
this investigation.

Based on the correlation between SKUs, the COlsgexific group of SKUs and the means
of transportation of a group of SKUs, it is possilbd distinguish six groups of SKUs. In
normal situations when assigning groups of SKUshwiarying COls to sections of a
warehouse, an important question is whether to tadagin aisle storage, or across aisle
storage. In this case this decision was rather basguse of the correlation between SKUs. A
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major starting point in assigning the groups wabtate the groups in which the SKUs have
a high correlation in as little aisles as possiblas is wise since this minimizes the number
of aisles that an order picker has to traverse.aghoups can be distinguished, and how the
groups are assigned to sections of the warehowsssl lmn the COls, the storage requirements,
the means of transportation and the within aisbeagfe principle can be seen in the figure
below. Which SKUs belong to which group can bendaehe file SKUs-Straatsma.xIs

-
rerrrrald [Tl | I 'l I I i A I L1 I |

Customer specific Van

‘Warehouse items printed

Warehouse items neutral

—— | —] - | - AB neutrally printed

i {1 - — 1 o EB neutrally printed
N

| - L | L L1l | ittt Customer specific Klok

Figure 30: Location of groups of SKUs

Figure 30 might give the impression that SKUs frdifferent groups have to stored in strictly
separated sections. This is however not the cagell imost definitely be necessary to store
SKUs from different groups within the same rackstime situations, a rack that is suitable
for a certain group is placed outside the spesiiction to which it is assigned. When there
are compelling reasons to do so, there is no pneb&roups of SKUs have been assigned to
sections of the warehouse as a guideline to knowhaype of pallet rack racks can best be
placed in that section of the warehouse.

When taking into account the stacking height of &mg the heights of the locations, there are
three possible ways (C1 to C3) in which locatioas e combined. This does not mean
however that there are only three different typesaoks. Besides the fact that there are racks

! The file SKUs-Straatsma.xls can be found on tse dontaining this report.
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Two pallet racks that consist of the same typeocéations may differ from one another

with regard to the positions of the locations wntthe rack.
have a joist located right above the ground in otdecope with the outriggers of the

When discussing the straddle truck it was alreadptianed that certain locations will
truck, while dealing with block pallets.

of both 2.7m and 3.6m, there are two other reasdrysthe number of different pallet racks is

higher:
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Figure 32: Pallet racks and dimensions (m) (2):,&A&a & C3b
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Figure 33: Pallet racks and dimensions (m) (3): C4

Once there was insight into the preferred locatdrthe different groups of SKUs and
knowledge about the different types of pallet raitled are most suitable for storage purposes,
the different rack types had to be assigned cettaations. While this might seem a rather
straightforward next step based on previous arglysis was most definitely not the case.
There exists a major trade off between assignifptpeacks based on gathered data and
creating a rather uniform warehouse. Besides unmitgy flexibility also influenced the
decisions with regard to the positions of palletksa In the figure below it is indicated how
the different type of pallet racks have been posédd in the new warehouse.

™~
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Figure 34: Pallet rack configuration in main waresiog area
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A more detailed discussion about the pallet racKigaration can be found in appendix 16.

9.5) Conclusions operational decision making

In this chapter a number of decisions of an opamnati nature have been made. Main topics
were the dimensions of storage locations, detenginvhich products to store in the new
warehouse, and developing a pallet rack configomatin the first section, the dimensions of
the storage systems to which SKUs have been askigeie introduced.

Designing a warehouse is only possible when itearcwhich products will be stored in the
new warehouse. It appeared that even after redubangnventory level and applying shared
storage, 406 SKUs needed to be excluded from fugthalysis, because the new warehouse
does not offer enough storage capacity.

Once it was clear which SKUs to store in the wausleo a pallet rack configuration was
created. In order to do so the list of SKUs wast fiivided into six groups. Each of the
groups were then assigned to a certain sectioheofMarehouse to have an indication about
where to store certain SKUs. The final step wagddétermine the exact location of the
different types of pallet racks. During this pragdmth uniformity and flexibility played an
important role.
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10) Conclusions and recommendations

This chapter will consist of three sections. Intsec 10.1, the major conclusions of this
research will be summarized. Once the conclusiens heceived attention, a reflection on the
warehouse design model will take place in sectidr2.1A number of recommendations for
successfully exploiting the new warehouse in sacti@.3 will conclude this research.

10.1) Conclusions research

The goal of this research was to design the waghousuch a way that it corresponds to the
design objectives that are relevant to Straatsmarder to achieve this, the three research
guestions had to be answered:

- What design objectives are relevant to Straatsma?

- In what way can a warehouse design process bdiged®

- What is the best way to design the new warehouStraatsma?

In the beginning of this research, both the curneractices and the new warehouse of
Straatsma have been analyzed in order to find tatt \wmatters to Straatsma. Based on the
slow moving nature of the SKUs that Straatsma wdadés, the insufficient storage capacity
of the new warehouse and the fact that the usagedpef the new building is only three to
five years, it became evident that cost and spdideation are the two main design
objectives.

Once there was clarity with regard to the desigedalves it was necessary to find a model
that could help in designing the warehouse in @ctiral manner. After discussing a number
of different models, it became clear that the madddRouwenhorst et al (2000) was the most
suitable for the design of the warehouse of StnaatsA reflection on this warehouse design
model will take place in the section 10.2.

The last step was of course to actually designvidsehouse. It must be noted that almost the
entire warehouse design process was executed. sTopnging from the required level of
automation to a detailed interior layout of the ngarehouse have all received attention. The
fact that the decision to move into the new warskBowas made without extensive
calculations with regard to the storage capacigyesly complicated the design process.
Although space utilization played an important ribleoughout the warehouse design process,
there are two initiatives that were executed ineortb cope with the insufficient storage
capacity that need to be mentioned specifically:

- In regular warehouse designs, it is customary &elne single SKU on a location.
This was however not an option for Straatsma. A meethod was developed to
incorporate the fact that two SKUs can be storedaosingle location into the
warehouse design process.

- It was analyzed when Straatsma can make use ofttnage capacity of its main
suppliers in order to reduce the inventory levélsestain SKUs.

By incorporating these initiatives into the wareseudesign process, it was possible to
minimize the number of SKUs that cannot be stonethé new warehouse.

As a result of using the model of Rouwenhorst €2@00) the design phase consisted of three
stages. To provide a good overview of the desigregss, the major conclusions of each of
the stages will be mentioned briefly.
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Strategic decisions

- Because of the emphasis on cost, it is not senfsibBtraatsma to have a high level of
automation.

- Forward areas are not suitable for Straatsma. Hiter negatively affect space
utilization, or they require substantial investnsent

- Based on the order profile of Straatsma, it becal®ar that discrete order picking is
the most suitable for Straatsma.

- After considering various storage systems, it apgzeghat the single selective pallet
rack and shelving are the most appropriate staggiems for Straatsma.

Tactical decisions

- No single storage policy will be used. Bulk palletdi be stored in a random fashion,
while pick locations will remain fixed. It will beecessary to store multiple items on a
single location.

- Based on cost /productivity, space utilization,xitidity and effective working
conditions it appeared that using a combinatiothefstraddle truck and the high level
order picker is the most sensible for Straatsma.

- Space utilization played the most important roledetiding on the location of the
storage systems.

Operational decisions

The goal of the last stage was to create the campbdlet rack configuration. This could only
be done after assigning SKUs to storage locatiand,analyzing which SKUs can be stored
in the new warehouse. It must be noted that despgeemphasis on space utilization, the
warehouse will not be able to provide storage spacall the SKUs that Straatsma had in
storage during July 2008. The warehouse was designé¢he basis of SKUs with a relatively
short sojourn time. The remaining SKUs were exdluidem the research.

10.2) Reflection on warehouse design model

In this research the model of Rouwenhorst et aD@2@vas used to structure the warehouse
design process. During the selection of this motlelas already indicated that the model

would be used in an altered fashion. Still it igfusto give a number of comments on the

basic assumptions of the model.

The division in strategic, tactical and operatiot@tisions worked well. In this research there
was only one instance in which it was necessadfast decisions on a higher design level
based on findings on a lower level. After it becaohear how significant the shortage in
storage capacity was (operational), it was necgs®aadjust the storage policy (tactical).
Instead of storing all SKUs on a single locatidrg tinal storage policy allows multiple SKUs
to be stored on a single location.

When designing much larger warehouses, the divisiordesign levels may be more
problematic. | can imagine that in these situatibns more often needed to adjust decisions
on a higher design level based on the outcomesextéin operational decisions. As was
already emphasized by various authors, a certagnedeof iteration seems inevitable. It is
rather difficult to pass judgment on whether theigion in multiple design levels is an
appropriate way of reducing the number of iteratidhat are necessary based on one
warehouse design project.
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A second assumption of the model is that decisoana similar design level need to be made
simultaneously in order to reach a global optimuthink that finding the optimal solutions is
hardly ever possible. The number of different paises is simply too big. Besides the
global optimum, | also disagree that decisions osinallar design level need to be made
simultaneously. It is clear that the decisions osirggle design level are interrelated. But
instead of stating that matters need to solved Isameously, | think a more appropriate
option is to create a stepwise approach in ordeletd with the complexity. It must be noted
that this may involve a certain degree of iteragain. In this research flow diagrams have
been presented to indicate the order in which tkentecisions. Two situations which show
that matters do not need to be solved simultang@uslthe following:

- In my opinion the decision with regard to the leeélautomation is something that
needs to be decided upon before making various déwsions.

- With regard to the tactical level, it is possibtedecide on the storage policy before
making a decision with regard to the layout andemal handling equipment. | think
activity profiling serves as the most importantuhfor the decision with regard to the
storage policy, not the location of certain racks.

| think the warehouse design model could be impidwe giving one or multiple schedules
indicating logical relations between decisions. @yrstating that all decisions on a similar
design level should be made simultaneously is detjaate in my opinion.

Most warehouse design models, including the modeRouwenhorst, are (somewhat)
prescriptive in the sense that it is clear in whicter to make certain decisions. They do not
indicate however, how these decisions should beemiathink the next step of warehouse
design models should incorporate this aspect oél@rse design to a greater extent. It must
be noted that in the article of Baker et al (20Qf)s already received some attention. It is
outside the scope of this investigation to makemanendations with regard to the exact way
how this should be incorporated into warehousegtiesiodels.

10.3) Recommendations

In the sections below, a number of recommendatiahde made in order for Straatsma to
successfully exploit the new warehouse.

Rejecting slow movers

During the investigation, it was noted that Straetsofficially has the policy to send off

packaging materials to customers when items argdrage for more than one year. After
analyzing the sojourn time of the various SKUsbédcame clear that this policy was
completely neglected in the past. Adopting thisqyoWwould result in an enormous decrease
of the total storage requirements that Straatsma ha

Instead of the reactive action to send off packagmaterials to customers when the items are
in storage for more than one year, adopting a pireaapproach can be even more beneficial.
Straatsma should not offer to keep a SKU on stetien it can be predicted in advance that a
complete batch of this SKU will not be sold witlune year. This way, the storage capacity of
the new warehouse would only be used for prodinasdre actually sold to customers on a
frequent basis.

It might be clear that it is not possible to sefffdegery item that has been in storage for more
than one year instantly without any warning. Thisud result in a large number of

dissatisfied customers. The measure should bepocated into day to day operations in the
short run however. It can have a major impact encépacity shortage that Straatsma will be
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faced with at the end of 2009, when it can no longe the storage capacity of both the new
warehouse and the warehouse situated at the Cangeetp It would be beneficial if Exact
could be used in order to signal when certain SKkdsin storage for more than one year.

Scheduling suppliers

As previously mentioned, space utilization played i@mportant role in the design of the

warehouse. It has also been a factor in determitiiegsize of the expedition area. The
expedition area does not offer the space to unteatiple trailers. In order to prevent that the

size of the expedition area becomes a problens éssential to make arrangements with
suppliers as soon as possible. Before moving imtonew warehouse, large suppliers should
have agreed to deliver their products at certatngpecified moments in time. This way it is

possible to prevent multiple large suppliers framivang simultaneously.

Using storage capacity of suppliers

The purchase sizes of SKUs that arrive in largentjies have been reconsidered, since it is
possible for Straatsma to make use of the storagactty of its major suppliers. In order for
the total storage requirements to be reduced artef 2009, it is important to start utilizing
these opportunities as soon as possible. Sincadjoeirn time of certain SKUs are rather
long, it will take some time before these measwuiignake a significant difference.

Transferring products into new warehouse

In order to design the pallet rack configuratiomups of SKUs were assigned to sections of
the warehouse. Furthermore it was investigatedithatefficient to store customer specific
SKUs from a customer in close proximity to eacheottit must be noted that this information
is not sufficient however when moving SKUs into thew warehouse. When transferring
products to the new building, there must be dedainéormation about the specific location in
which to store a certain SKU. In order to createefiicient order picking process, fast
moving SKUs or customers must be assigned to fé@rmcations within the section to
which they have initially been assigned. A sourgpparation will be key.

Structuring processes and data gathering
The last recommendation is not so much relatedgmew warehouse, but involves the day to
day operations. During this investigation it becactear that many things happen without
being documented properly. A number of examplesbeagiven:
- There are no procedures that indicate how a custageweives their packaging
materials.
- There are no formal policies that state when tal lpaickaging materials in stock.
- Straatsma does not have guidelines with regardrm@amum inventory value for a
customer.
Besides the absence of formalized policies, it alsne to my attention that certain important
pieces of information are not registered:
- The sizes of the boxes is not entered into Exact.
- The number of pallets that arrive at the warehadsttraatsma is not registered.
- There is no information with regard to the heigfitaopallet on which a product
arrives.
- Exact does not indicate whether there is a diffeedmetween the purchase entity and
the sales entity.
- The number of orders that are delivered by theaBma van on a daily basis is not
easily accessible.
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No performance indicators are used to measure émormance of for instance
suppliers or De Klok.

While the absence of formalized procedures is lgrgempensated by having knowledgeable
personnel, it does induce errors. The fact thaacepieces of information are not registered

is relevant because it hinders sound decision rgaKimese are definitely areas where
Straatsma can improve in the future.
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