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Abstract 
This Master ' s thesis report describes the analysis of the warehouse processes and concept at 
DHL Solutions Logistics Center Acht. An alternative concept is proposed for the assembling 
process of boxes to customer pallets. The costs for this process have been modeled for the 
current and new process and evaluated with a scenario analysis. 
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Preface 
This report is the result of the Master ' s thesis project that I did at Logistics Center Acht, a 
warehouse of OHL Solutions and part of the European distribution network of Philips 
Consumer Electronics. The Master's thesis project is the final project of the 5-year course in 
Industrial Engineering and Management Science at Technische Universiteit Eindhoven. 
During the eight months that I was employed, I have learned a lot of new things and 
experienced new situations. Examples are that warehousing was a new field for me, I had 
never experienced such a close customer relationship and the reorganization in late 2003 that 
caused a lot of uncertainty among the employees. From a behavioral and motivational point of 
view very interesting and challenging to think about. 

But there were more challenges for me, because in the first weeks it felt as if I jumped on a 
high-speed train with unknown destination. At least, I did not know the destination. The first 
weeks I got the assignment to put myself in the position of site manager and determine what 
project I would initiate in the next six month and what challenges the company was facing . 
This was quite a challenge, because this was a very broad assignment, I did not know much 
about warehousing and some key information was confidential. After six weeks I came up 
with a problem description and project plan. From that point onwards, we started to work with 
a steering committee as well, which was good for both support for the project and feedback 
on the progress and decisions. 

This project has been one with learning experiences for myself about myself. The project 
itself gave healthy pressure and required for serious dedication. However, I dared to take 
another challenge: the Rotterdam Marathon. This resulted in some extremely busy periods 
and clear prioritizing. At those moments I got to know myself better in the way that I tended 
to postpone work to the last minute, knowing that I can do a vast amount of work in a short 
period. I have realized as well that I perform better when working in a team. The feedback 
and motivation that I get from and give to team members strengthens my contribution. 

It is clear to me that this project would not have come to this result without the support, ideas 
and motivation of several people. First of all , thanks to all my colleagues at OHL. In 
particular I would like to thank Bertus Struycken, who has been a great motivator and helped 
me to put things in perspective. Secondly, I would like to thank Tibor Huizinga, who has been 
my company coach during the nine months of this project. I have learned a lot from you, both 
personally and professionally. And you have made a strong contribution to the project. I truly 
hope that the results will be implemented next year. Thirdly, I would like to express a big 
thanks to my two TU/e coaches. Twan Geenen was the primary coach. In that role I have had 
a lot of good discussions with you about the project and on a large variety of other interesting 
topics as well. Gudrun Kiesmiiller came in at a later stage, but I am indebted to her for the 
quality of her contributions on my project. Lastly, thanks to my other "proof readers", Jan, 
John, Karin and Mark. You all did a great job! 

To conclude with, I would like to express a very big thanks to my parents, sister and brother 
for their support and the fun we had together throughout all those years. Finally: Karin, many, 
many thanks for your patience, support and motivation throughout all those months of the 
project. 3.41.24 would not have been possible without you! 

Martijn van Acker 
Den Haag, July 2004 
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Management Summary 
OHL Solutions, Logistics Center (LC) Acht is one of the eight distribution centers within the 
European distribution network of Philips Consumer Electronics. Philips is restructuring its 
supply chain, which should lead to cost reductions and better logistics customer service 
performance. 

To achieve this, Philips and OHL had initiated a number of improvement projects to work on. 
However, a larger picture on options to obtain cost reductions within the warehouse was 
missing. Therefore, a Master's thesis project was carried out from November 2003 until July 
2004. 

Orientation 
LC Acht has both the function of European Distribution Center (EDC) and National 
Distribution Center (NOC). The objectives of these functions are opposite of each other. The 
EDC function is bridging time with inventory, while the main NOC function is order 
assembly. During the last few years, the goods flows through LC Acht have changed 
significantly, both in composition and in volume. This has led to a larger variety of products, 
larger building and thus longer transportation distances and more handling of loose boxes, 
both in the incoming and outgoing operation. 

At the same time, the costs for labor have increased significantly, 15% over the last 3 years. 
This cost increase has not been offset by productivity improvements, because the changed 
goods flows were integrated in the current processes and a clear incentive to improve was not 
included in the contract between Philips and OHL. 

In 2002, Philips and OHL decided to start a number of improvement projects carried out by 
both parties. Some of these projects have been finished and have resulted in productivity and 
quality improvements. But the big picture on which decisions to make in the warehouse and 
which concepts are available from the literature was missing. This has led to the following 
assignment: 

Prepare a framework for warehousing concepts and define in which situation a concept is 
feasible and preferable. Propose several options for improvement for LC Acht and select one 
option. Work out the concept in more detail. 

Analysis 
Figure 1 gives an overview of the processes that take place in a 
warehouse or distribution center. It all starts with the receiving of 
products that are put on stock and after a while taken from stock and 
shipped to customers or another warehouse. The framework of 
concepts that was constructed focuses at the middle three processes: 
"Put Away", "Storage" and "Order Assembly", which is graphically 
shown in figure 1 as the yellow boxes. Those three have been selected, 
because they represent 75% of the total variable costs at LC Acht, 
which consists of costs for labor and equipment and for these processes 
there is a number of alternative concepts. The alternatives for the 
receiving and shipping processes are very limited. 

Table 1 presents the conceptual framework that has been made. On the 
one hand, a distinction has been made between the two main functions 
for a warehouse: storage (bridging time) and order picking (customer 
order assembly) . On the other hand, both functions have a systems and 
an Organization I Strategy side. This is reflected in table 1, which 
should not be seen as a matrix with axis, but more as an overview of 
the framework. Within the framework, several concepts are named. 

Receive 

Put away 

Order 
assembly 

Ship 

Figure 1. High level pers
pective on warehouse activities 

IV 
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T bl 1 F k f a e ramewor 0 concepts 
Storage Order picking 

Systems Systems from suppliers, a .o.: Framework of Gudehus 

• Flow rack (1973): 

• Pallet rack • Prepare articles for 

• Ori ve in/through rack picking 

• Shelves • Moving of the order 
picker 

• Picking of products 

• Move away gathered 
articles 

Organization / Strategy Random Order oriented - serial 
Dedicated Order oriented - parallel 
Class-based Article oriented - parallel 

The organizational concept for the order picking at LC Acht is order-oriented and parallel 
order picking. The products are stored at fixed locations in pallet racks. The order picking 
system is that the warehouse operator travels with a truck to each location and returns to a 
central location. 

The framework has been used to classify the concept of LC Acht and to generate alternatives, 
for instance by proposing article-oriented parallel order picking. Another option is to use flow 
racks instead of pallet racks. 

Figure 2 shows the three processes from the focus area in more detail. "Storage" in figure 1 
consists of the processes "Bulk store", "Replenishment" and "Pick store" in figure 2. All the 
processes downstream of these processes are part of "Order assembly". The percentages in 
each box represent the percentage of variable costs caused by that process compared to the 
total variable costs. The red numbers represent the volume of the flows for the number of 
outgoing full pallets, the number of replenishments and the number of customer pallets. 

Put away 
11% 

store 

112.053 F!allets 

Replenish
ment 6% 

store 

Full pallet 
pick 10% 

Box pick 
larqe 7% 

Box pick 
small 30% 

► I Transport to 
_ lane 3% 

269.429 Pallets 

205.842 Pallets 

Check & Transport to 
oack 7% lane 3% 

, ........................................................................................ . 
Figure 2. Process description of three processes in focus area. 

Total cost 
13% 

Total cost 
47% 

Comparing the number of full pallets that go to the box-pick operation and full pallet pick 
operation, it can be seen that the volume for full-pallet pick is larger than for box-pick (2: 1 ), 

V 
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while the total costs for full pallet pick are lower (13% to 47%). Significant cost reductions 
are more likely to be achieved within the box pick operation. 

One of the characteristics of the products at LC Acht is the large variety in volume and weight 
of boxes. This is caused by the very broad product portfolio of Philips Consumer Electronics 
that includes small batteries and headphones (small boxes) as well as large flat-screen TVs 
and sound systems (large boxes). Essentially, all these products are assembled on customer 
pallets in the same way. It is questionable whether this is the best way. Ideally, one wants a 
customized process for each customer pallet, depending on the characteristics of the customer 
pallet. In practice this will not be feasible, but it is possible to work with more than 1 process 
in the box-pick process. 

70% ~----------~ 

1/) 

60% 

50% 

]i 40% 

[ 30% 
~ 

20% 

10% 
0% +-L----..--J----..--J-___ ..--J-___ ..--J-___ ..,....L-~ 

2 3 4 5 >5 

SKUs per pallet 

D .April 2003 

■ Oktober 2003 

Figure 3 shows the number of 
different type of products 
(SKUs) per customer pallet. It 
shows that about 60% of the 
customer pallets contain only 1 
SKU. 75% of all customer 
pallets contain a maximum of 3 
SKUs. This is a group of 
customer pallets that can be 
assembled separately from the 
current process. Figure 3. Number of SK Us per customer pallet. 

The differentiation of the box-pick process was the improvement alternative that was selected 
during the first phase of the project. The options that were not investigated further were: 

1. Mechanization of box-pick large 
2. Alternative storage system small boxes 
3. Alternative storage system large boxes 
4. AGV / conveyor system for internal transport 

The decision was made, based on the facts as presented in figure 2 and figure 3. The costs for 
the box-pick process were high and the option of differentiating processes was promising. On 
top of that, there was no clear need to increase the storage capacity. This might change in the 
future, these options should be kept in mind. 

Redesign 
The basic idea for the redesign is to differentiate the box-pick process for the customer pallets 
with a low number of SK Us. These pallets are now assembled via an order-oriented box-pick 
process. The alternative is an article-oriented box-pick process. 

Within the current order-oriented box-picking process, the warehouse operator picks the 
boxes by first taking an empty customer pallet, then making a pick tour along all the locations 
in the pick front and lastly bringing the customer pallet to the check point. 

Within the article-oriented box-picking process (see figure 4), a number of warehouse orders 
(in essence customer pallets) is first batched. For each batch, the exact number of boxes that is 
needed in that batch is determined. This number is then collected by the warehouse operator 
and located in a 2nd pick front(activity 2, 3 and 4 in figure 4). The operator also collects empty 
pallets (activity 5). From this 2nd pick front, the warehouse operator then assembles the 
needed boxes to the customer pallets (activity 6 and 7), adds labels (activity 8) and transports 
the finished pallets to the check point (activity 9). 

VI 
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The advantages of article-oriented box-picking compared to order-oriented box-picking are: 
• The travel distance within the 2nd pick front is shorter than in the 1st pick front. 
• The frequency of traveling to the 1st pick front decreases. 
• The travel distance from and to the 2nd pick front is shorter than from and to the 1st 

pick front. 

The disadvantages are: 
• If exact quantities are taken, boxes must be handled twice. One time in the 1st pick 

front to collect the boxes and one time in the 2nd pick front to assemble the boxes on 
customer pallets. 

• More IT support and tighter control policies are needed. 

Full Pallets Broken pallets 0 Full Pallets 

rn rn ~ rnJIJ ·rn ~ [I] 
[]] []] [I] 

6-+ 7 + 6/7 

Emotv oallets 

I ;;;;k~~;~;~~;~ J • 
2 

STEP 1 STEP2 
0. Replenishment 1 b. Order release step 2 
1 a. Order release step 1 6. Transport +stop in pick front 
2. Collect full pallets 7. Handle boxes 
3. Transport to location to pick boxes 8. Add labels 
4. Handle boxes at pick location 9. Transport to check point / wrap machine 
5. Transport empty pallets to assembly area 

Figure 4. Overview of lay-out and flows for article-oriented box-pick process 

A key success factor for article-oriented box-picking is how effective warehouse orders can 
be grouped in batches. Two policies are discussed in theory (Gademann et al., 2001 ): 

1. Time-window based batching: all orders that need to be completed within a time 
period are added to one batch. The batching of orders can be done based on due date. 

2. Batching based on similarity of products: orders are batched in such a way that the 
number of SK Us per batch is minimized and the quantities per SKU are maximized. 

The batching at LC Acht has been done via batching of warehouse orders, which are the 
starting point of all the operations. In the current order-oriented box-picking process, one 
warehouse order triggers a pick tour of one customer pallet. 
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At LC Acht, the batching has been done primarily based on a time-window of 2-hours, i.e. all 
orders within a time frame of two hours are added to a batch. Within the time-window, the 2nd 

policy could be used. It could not be used on itself, because the release time of orders was 
unknown. Based on these batching insights, four options have been determined: 

1. Only batch customer pallets that contain 1 SKU, only locate those SK Us in the 2nd 

pick front for which more than one full pallet can be retrieved, do not collect boxes 
for the 2nd pick front. 

2. Batch all customer pallets, only locate those SKU in the 2nd pick front for which more 
than one full pallet can be retrieved, do not collect boxes for the 2nd pick front. 

3. Batch all customer pallets, only locate those SKU in the 2nd pick front for which more 
than one full pallet can be retrieved, do collect boxes for these SKUs for the 2nd pick 
front as well. 

4. Batch all customer pallets, retrieve exact quantities (full pallets and boxes) for all 
SK Us that are needed in one batch. 

The cost model for the article-oriented box-pick process consists of time parameters per 
activity and the frequency an activity has to be executed within a batch. The total time that is 
needed for one batch can be translated into related costs. For each of the four options, time 
parameters for the activities in the box-pick process have been determined. Via scenario 
analysis with a MS Access database, the average batch composition for each option has been 
determined. 

The results are presented in table 2. Option 2 results for both the small boxes and the large 
boxes in the largest cost reduction. Option 4 does lead to increased costs for small boxes and a 
very small cost reduction for large boxes. This is caused by the fact that for this option many 
boxes have to be collected in the first step of the process. This increases the costs a lot. 

T bl 2 Ind d a e exe costs fi h or t e current process an ort e our opttons, current = d fi h fi 100 
Small boxes Lar2e boxes 

Current process 100 100 
Option 1 96 91 
Option 2 93 83 
Option 3 95 86 
Option 4 122 100 

Looking at the changes that are needed for each option, it is clear that option 1 is very close to 
the current way of working. All pallets that have more than 1 SKU are done via the current 
process. Therefore, the investments will be small. Option 4 is the most radical change, 
because the current process is not used anymore and the IT system needs to control the 
process in a very different way. Option 2 and 3 are still close to the current way of working, 
but a lot of IT support is needed to effectively control the flows in the article-oriented and the 
order-oriented part of the box-pick process. Discussions with the IT responsible, have 
revealed that the support is possible, but that investments are needed. 

OHL has to decide whether they want to go for option 1 or for option 2. Option 1 leads to 
smaller cost reductions, but needs fewer efforts for implementation. Option 2 leads to larger 
cost reductions, but needs more efforts and investments in the IT system. It is recommended 
to look at the investments before making a decision for one of the options. 

Both options will lead to a more diversified process of assembling boxes to customer pallets, 
which is needed. Implementation of one of the options will lead to better measurement of the 
process, tighter control and more visibility of other improvement opportunities. Implementing 
option 1 or 2 can be the first step towards more diversification, for example via separating the 
piece pick process. 

VIII 
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Introduction 

TU/e 

In October 2003, a meeting took place to discuss the possibility of a master' s thesis project at 
OHL Solutions, Logistics Center (LC) Acht. The picture that was drawn by OHL included 
these aspects: a fast moving business environment, strong competition and need for change. A 
number of projects were initiated internally by OHL and Philips to decide on the changes 
needed. But they thought it was a good idea to get a more independent view as well. The 
thesis project was to fulfill that need. The project was started with the following assignment: 

Many changes have occurred in Logistics Center (LC) Acht since 1999, both in terms of 
goods flows, customer requirements and building layout. The processes and the production 
layout have only been changed marginally. The assignment is to analyze the processes, 
systems, organization and control systems and propose solutions that lead to cost reduction. 
Then, one of the solutions is selected and worked out in more detail. 

This report contains the results of the project that aimed to 
find the root causes of the problem as it was stated in the 
initial assignment and find ways to neutralize these root 
causes. The report is structured in such a way that first (part 
A) various aspects of the initial assignment are analyzed and 
concluded into a problem statement. 

Part B consists of three chapters that aim at generating 
solutions for the problem. Part B is constructed in such a 
way that firstly theoretical insights are given, then the 
operations of LC Acht are mapped on the theory and finally 
solutions are proposed and one of them is selected. 

In part C, the chosen solution is worked out in detail. Again, 
firstly some theory is discussed, after which a cost model is 
developed for the solution and an evaluation of a scenario is 
done. 

Structure of report 

Part A 
Orientation 

Part B 
Analysis 

PartC 
Redesign 

· ..................................................................... · 

The final chapter of this report is dedicated to the conclusions and recommendations of this 
project. 

Appendix 1 contains a glossary of terms that are useful when reading this report. 



- ··~•:"-== 
fOLVTIOIVf TU/e 

Part A: Orientation 
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1 Problem analysis 
This chapter will present the results of the initial problem analysis and will give background 
information on the company where this project has been executed, DHL Solutions. The focus 
of the chapter is at the costs of the current situation and the developments that have led to this 
situation. The chapter will be concluded with the problem statement and the research model 
that has been used. 

1.1 Company description 
1.1.1 Deutsche Post World Net and DHL Solutions 
DHL Solutions is part of Deutsche Post World Net, which is one of the largest companies 
worldwide active in the logistics business with 340 thousand employees. Total revenue of 
Deutsche Post World Net summed to €40,02 billion over 2003, while the net profit totaled 
€ 1,31 billion over the same period. Figure 1.1 shows the organization chart of Deutsche Post 
and the position of DHL Solutions. Appendices 2 and 3 contain more detailed organization 
charts. 

DHL Solutions is part of the Logistics division and offers warehousing and distribution 
services to corporate customers. DHL Solutions is one of the smaller divisions, with revenue 
of€1 ,64 billion in 2003 . The profit margin is 4%, but the potential for growth is large, since 
more and more companies decide to outsource their distribution activities to third party 
logistics providers, such as DHL. 

Mail 
Deutsche Post 

Deutsche Post 
World Net 

Express Logisti cs 
DHL DHL 

DHL 
Solutions 

Logistics 
Center Acht 

Finance 
Postbank 

Most of the logistics activities of 
Deutsche Post World Net have 
become part of the company through 
acquisitions in the I 990s, for instance 
ASG Logistics, Danzas and DHL. At 
the end of 2002, the management of 
Deutsche Post World Net decided to 
integrate all the logistics and parcel 
activities of the acquired companies 
into two new main divisions: Express 
and Logistics, focused respectively at 
parcel distribution and distribution of 
larger quantities, i.e. pallet and 
containers. All the logistics activities 
are re-branded to "DHL". The aim of 
this change is two-fold: I) realize cost 
reductions, because of the single 
brand and elimination of superfluous 
activities; 2) provide better products to 
customers by combining the strengths 
of warehousing and transport. This 
will lead to products with higher value 
for customers and thus a higher 
market share will be acquired. The 
implementation of the re-branding 1s 
still going on. 

Figure I. I: Position of LC Acht within the Deutsche Post 
organization 

1.1.2 DHL Solutions Logistics Center Acht 
This Master ' s thesis project took place within Logistics Center (LC) Acht, one of the largest 
distribution centers of DHL Solutions. LC Acht is part of the region "South West Europe" and 
the country organization "Netherlands" (see also Figure I. I). During 2003, DHL Solutions 
has lost a few large customers in the Netherlands, because of poor cost competitiveness. To 
reduce the costs, the organization, LC Acht as well , was restructured by both lay-offs and 
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redefinition of tasks. The restructuring program should result in more competitive products 
and better profitability. 

LC Acht is a so-called "dedicated warehouse" for Philips Consumer Electronics (here also 
abbreviated as Philips). LC Acht is part of the European distribution network of Philips. LC 
Acht fulfills two functions in this network: 1) direct distribution to retailers in the Benelux 
countries, Germany, Austria and Switzerland. 2) shipments to other national distribution 
centers in Europe for products that are manufactured in the Far East. More details on the 
goods flows will be given in section 1.2.2. 

The contract for LC Acht between Philips and DHL started in 1995, when Philips decided to 
outsource their distribution activities in Eindhoven to Nedlloyd Districenters, which was at a 
later time sold to Deutsche Post. The initial contract of 1995 is still effective and will expire 
in 2007. Within the contract it is agreed that DHL and Philips will draw up a one-year budget 
letter, each year. This budget letter contains agreements on the productivity of the operation 
and prices for labor and equipment. However, clear incentives for DHL to realize productivity 
improvements are not included in the contract. 

The organization of DHL in Acht has two lines: an operational line and a supportive line. The 
operational line is responsible for day-to-day management of the operations. The supportive 
line is responsible for improvement projects and commercial activities towards Philips. The 
organization chart of DHL Solutions in LC Acht shows the distinction between operations 
and support in the way that there are two site managers: one for the operations and one for the 
commercial activities. The "Site Manager Commercial" is the final responsible at DHL side 
for the total site in Acht. 

The customer of DHL at LC Acht is Philips Consumer Electronics. The division's sales 
summed to over €10 billion in 2003, making it the largest division of Philips Royal 
Electronics. Yet, the division's net profit is almost zero due to short product life cycles and 
strong competition in the consumer electronics market. The division has undergone several 
restructuring programs during the last 5 years. As a result, the function of and the goods flows 
through LC Acht have changed several times. 

In 2002, Consumer Electronics got a new director, who proposed a new business model for 
the division. This new business model impacts all parts of the supply chain. Central in the 
plan for the distribution function was simplification of processes and systems and 
centralization of warehouses to obtain 20% cost reduction. Philips Consumer Electronics 
Supply Operations Europe, which is responsible for the distribution, has proposed plans to 
close distribution centers and obligate the other distribution centers to achieve significant cost 
reductions. LC Acht has an important role in the new concept, due to its function as European 
Distribution Center. However, Philips wants DHL to propose possibilities for cost reduction. 
If DHL does not succeed, Philips may choose another partner for Acht after termination of the 
contract in 2007. Appendix 4 includes more information on the Philips Supply Chain. 

1.2 Developments 2000-2003 
This section will discuss the developments that have led to the situation at the start of the 
project. Those developments will improve the understanding where the current situation 
originates from and will help defining the actual problem of the organization and directions 
for the solution. Successively, the developments in contract value, goods flows and labor 
costs will be discussed. 

1.2.1 Contract revenue 
Table 1.1 presents the contract revenue developments over the period 2000 - 2003. The data 
is taken from the annual budget letters for the respective years. 
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T bl 1 1 0 a e . . verv1ew o con ac revenue unng -f tr t d . 2000 2003 
Bud2et item 2000 2001 2002 2003 
Management fee € 685.068 € 886.941 €753.160 € 765.964 
Management & staff € 592.290 € 609.818 € 4.367.027 € 3.166.882 
Operations € 4.400.067 € 6.891.388 € 5.741.675 € 6.827.909 
Equipment € 884.831 € 1.403.286 € 1.899.145 € 1.532.496 
Building € 1.930.771 € 2.559.744 € 3.413.320 € 3.673.630 
User costs € 1.054.415 € 1.356.706 €1.770.362 € 2.129.365 
Yearly total € 10.133.850 € 14.491.704 € 18.481.544 € 18.096.246 

There are some striking differences between the years: 
1. The costs for Philips for management & staff have increased enormously from 2001 

to 2002. The main reason was that due to the failure of the implementation of the TV 
goods flow for Germany at LC Acht, management of DHL and Philips had decided to 
strengthen the staff functions to provide better support for preparation and 
implementation of projects. A second reason was that the costs of supervisors in the 
operational process were shifted from operations to management & staff. This has 
been changed again in 2003. 

2. Since 2002, the costs for the administrative support of the operations are included in 
management & staff. In total they sum up to more than 1 million euro. It was 
questioned early in the project, if this should not be the focus since these costs as 
percentage of the total costs of operations are rather high at 15%. Because an 
optimization project had already been started, it was decided not to continue in that 
direction. 

3. The function of LC Acht has changed during the last few years. This has resulted in 
demand for more storage capacity and the building of a new storage hall in 2001 . In 
2002, another hall was added, which was used as a private warehouse up to then. 
Those two developments have resulted in higher revenues for building and user costs 
during 2001 and 2002. Appendix 5 includes a drawing of the layout of LC Acht. 

1.2.2 Good flows 
As was mentioned before, LC Acht fulfills two functions for Philips: 

1. National Distribution Center (NDC) for Benelux countries, Germany, Switzerland, 
Austria and Russia; 

2. European Distribution Center (EDC) for the products that are manufactured in the Far 
East. 

Table 1.2 gives an overview of the volume of each flow for the main product groups, i.e. 
Television (TV), AudioNideo, Batteries/Accessories and Monitors. It must be noted that the 
distribution model of monitors is different from the other product groups, since deliveries to 
retailers are directly done from LC Acht. In effect, Acht is the " European NDC" for all 
monitor products. 

T bl I 2 G d fl a e .. 00 s owsa C on u.y 
' 

t LC A ht J I l 2004 ; vo umes 2002 
Function TV Audio I Video Batteries I Monitors 

Accessories 
NDC Benelux Benelux Benelux Europe 

Switzerland Germany I Austria Germany I Austria 
Russia (Q2, 2004) Switzerland Switzerland 

Russia Russia 
176.655 m3 114.674 m3 17.979 m3 168.217 m3 

EDC Not available Rest of Europe Rest of Europe Not available 

(368 m3
) 185.965 m3 42.164m3 (55 .516 m3

) 
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The two functions , NDC and EOC, have opposite requirements of the warehouse. On the one 
hand, the aim of the NDC function is to assemble customer orders. Because Philips deliveries 
directly to many small retailers, many small picking orders have to be assembled at Acht. 
Meanwhile, also large orders are prepared for big retailers such as Carrefour and Metro. 
These retailers typically force Philips to deliver according to their constraints. OHL has to 
fulfill those requirements. 

On the other hand, the main EOC functions are 1) storage of products to decouple customer 
demand from distortions in supply caused in transportation and manufacturing of products 
and 2) consolidate incoming product flows from Asia to the distribution centers in Europe. As 
a result, the storage capacity of LC Acht is large, with 20 .000 pallet locations, which equals 3 
weeks of demand on average. 

The large storage capacity results in large transportation distances in the warehouse, both for 
picking of full pallets, and for assembling of multi-SKU pallets. The different requirements, 
activities and products for multi-SKU pallets are all dealt with by one process. It is not clear if 
one process is the best solution for such range of products. But OHL does not have structured 
insights into alternative solutions. 

Another aspect is that the goods flows within each function are not stable . In 1999, only 5 
years ago, the only operation in LC Acht was NDC for TV and Audio products for Benelux 
and Switzerland. Since then, Philips has added the NDC Audio goods flow for Germany, the 
Batteries and Accessories goods flow (NDC&EOC), NOC Russia and the monitor goods-flow 
(European NDC) to LC Acht. These changes result from new insights from Philips into the 
best business model. For the near future, more changes can be expected, such as adding NOC 
TV for Germany or taking out another flow. Appendix 6 and 7 give a more detailed overview 
of the additional goods flows since 1999 and the consequences. 

These new goods flows have resulted in changed goods flow characteristics. Two changes are 
particularly worth noting (see also table 1.3): 

1. The number of products sourced from the Far East has increased significantly. 
Products from Far East factories are typically not stored on pallets to decrease 
transport costs. The boxes for these products have to be taken out of shipping 
containers by hand and stacked on a pallet before they can be stored. 

2. The number of products that is sent to retailers on a pick pallet has increased. All the 
activities before shipping a pick pallet typically take considerably more time than 
shipping a full pallet. The larger number of box picks has thus increased the 
operational costs. In chapter 3, this issue will be analyzed in more detail. 

T bl 1 3 V 1 a e o umes o two goo s f d fl owe h aractenshcs 
2000 2001 2002 2003 

Handling in loose boxes 661.400 698.336 2.281.805 2.194.533 
Boxes on pick pallet 2.679.015 3.817.011 4.039.805 4.000.423 

1.2.3 Labor costs and productivities 
Another factor that has resulted in higher costs of the operation at LC Acht are the labor costs 
per unit of time and the extent to which productivity improvements have reduced the effect of 
such increase. The results of the labor costs analysis is shown in table 1.4. It shows that the 
costs per employee per year have increased with 39% since 1994 and 15,3% since 2000. The 
increase excludes one-off increases. The data is taken from the annual budget letters. 

6 



_ Cr .,«J'IT .::liE: 

SOL ClllOIVS TU/e 

T bl 1 4 Lb a e a or cos td eve opmen s 
Year Labor Index: Index: 

cost 1994=100 2000 
increase = 100 

1994 100 
1995 4,0% 104,0 
1996 1,6% 105,7 
1997 2,7% 108,5 
1998 3,6% 112,4 

140 

120 
100 

75 
- - -

w 80 ----I-
LL 

60 ---
:st 

40 
20 --- -

1999 2,7% 115,5 0 

2000 4,4% 120,6 100 Volumes 2000 Volumes 2003 
2001 5,4% 127, 1 105,4 
2002 3,8% 132,0 109,4 
2003 5,4% 139,0 115,3 

j □ Producti~ty 2000 ■ Producti~ty 2003 j 

Figure 1.2. Productivity developments 2000 -2003 

Figure 1.2 gives an overview of the productivity development between 2000 and 2003. The 
analysis is done in such a way that the realized volumes per activity in the years 2000 and 
2003 have been divided by the realized productivities per activity in those years. In this way, 
the number of hours that is needed to get the throughput is obtained. By using the same 
throughput and different productivities per activity, the total productivity change is obtained. 
If the number of hours is higher, the decrease in productivity will be higher. The data that is 
used for this analysis is based on the transactional data on realized throughput and actual 
productivity of LC Acht for both years. 

This method provides good insights into the overall productivity effect. As can be seen from 
figure 1.2, the productivity has increased only about 8% ((70-75)/75 or (119-109)/109) 
marginally. The goods flow in 2000 was handled with 75 FTE, while productivities of 2003 
would have resulted in 70 FTE. This is equal to a 7% decrease in labor. 

The increase in productivities is smaller than the increase in labor costs. ln effect, the cost per 
box or pallet has increased between 2000 and 2003. It must be noted that only labor costs are 
included in this analysis, refer to table 1.1 for the increase of other costs. 

1.2.4 Conclusions from developments 
Section 1.2.1 dealt with the increase of fixed costs and presented the root causes. Section 
1.2.2 showed the changes in goods flow and the increase in activities at LC Acht that have 
taken place since 2000 . On the one hand, these changes have resulted in larger throughput. On 
the other hand, those changes have led to a larger building and more complexity in the 
operational process. Meanwhile, the costs for labor have increased with more than 15% since 
2000. This increase in costs has not been compensated by productivity improvements. 
Apparently, OHL has not focused at productivity improvement, or they have not been able to 
deal with it in an effective way. 

1.3 Focus on improvement 
After the failed transfer of the TV goods flow (NOC) for Germany in 2001, both Philips and 
OHL felt urgency to prevent such problems in the future. During 2002, both organizations 
were strengthened, to have more successful implementation of projects and to have more 
capacity to focus on improvements. The focus of OHL should more and more include 
realizing improvements instead of just getting the work done that was requested by the 
customer. That would not be a healthy situation in the long run. Several factors , such as the 
long duration and the set-up of the contract between OHL and Philips, have led to this 
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situation. In effect, OHL has made a step towards being a logistics solution provider instead 
of being a logistics service provider. 

Philips and OHL management got together in 2003 and discussed problems and generated 
options for improvement. Those options were framed in the three-step "OMA" approach: 
Qptimization - Mechanization - Automation. In the first step, the current warehouse 
processes would be optimized. In the second step, projects would be started to investigate the 
advantages and disadvantages of process mechanization. In the third step, projects would be 
started to see whether Automation would further decrease the operations costs. The 2nd and 3rd 

step focus more on concept redesign. 

From this meeting a number of projects were generated, which were classified according to 
"process optimization" and "concept redesign". Examples of projects that focus on process 
optimization are the integration of the two order-pick fronts for the box-pick operation (Hall 7 
and Hall 10) and the optimization of the capacity planning process to smoothen the capacity 
demand in the warehouse during the day. 

1.4 Master's thesis project 
1.4.1 Problem statement 
The analyses of the problem phase have resulted in the following problem definition: 
The total costs at LC Acht have increased significantly during the period 2000 - 2003. Three 
factors in particular have caused this increase: 

1. Higher cost per unit of labor, which has not been compensated by productivity 
improvements. 

2. Large changes in composition and volumes of goods flows, caused by changes 
requested by Philips. These changes have resulted in higher complexity of the 
operational process. 

3. Stronger staff function to plan and implement improvement projects. 
Although Philips has imposed the goods flow changes and agreed on the labor cost increases, 
they want DHL now to realize productivity improvements that lead to cost reductions. Aspects 
that have led to this situation include the new business model for Philips and the fact that 
productivity improvements have not been realized. 
It is clear that the goods flows and the layout of LC Acht have changed during 2000 - 2003. 
However, conceptual changes have not been implemented until recently. Understanding 
which factors lead to specific warehouse concepts and clear insights into concept alternatives 
to handle the current flows are missing. 

1.4.2 Project objectives 
The project objectives have been divided into two steps: 
Step 1: Prepare a framework for warehousing concepts and define in which situation a 

concept is feasible and preferable. Analyze the current goods flow characteristics. 
Propose alternative concepts for LC Acht, based on the results of the framework and 
goods flow analysis. Select one concept that is both feasible and preferable for LC 
Acht (Chapter 2, 3 and 4) . 

Step 2: Work out the selected concept in more detail. Try to make a design according to the 
framework of Process, Control, Information and Organization (PCIO) and focus first 
on the process and control aspects. The result should preferably be a clear plan of the 
concept that can be implemented at LC Acht (Chapter 5 and 6) . 

1.4.3 Scope of the project 
In the beginning of the project three limitations have been set to restrict the scope of the 
project: 

1. The goods flows as on January 1, 2004 will be taken into account. Only for these 
goods flows, historical data is available. 
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2. The current Warehouse Management System is outside the scope of the project. 
Constraints and limitations caused by the warehouse system are not taken into 
account. Instead, the starting point is the IT requirements for a specific concept. 
Reason for this is that Philips owns the warehouse management system at this 
moment. Philips wants DHL to take over the system. In that case, DHL might decide 
to implement a new system. 

3. There are no changes possible to the current building, because there is no support 
from Philips to do this. 

Other restrictions have been set later on in the project. These restrictions and other choices 
will be presented later on in this report . 

1.4.4 Research model 
This problem statement has been translated into a research model according to the guidelines 
of Verschuren and Doorewaard (2000) . The research model is presented in figure 1.3 . 

Theory : Goods flow 
warehouse ana lysis 
design 

Solution 
alternatives 

Theory: ware- Selection Detailed 
house concepts criteria Selection of object design 

alternative 

Rules of thumb Current ware-
fo r concepts house concept 

Figure 1.3: Research model of Master's thesis project 

The research model has been used to structure the project and develop a model to realize the 
project objectives that had been determined. The validation of the design has not taken place, 
due to the fact that the number of possible designs was only scaled back at a very late moment 
in the project. It appeared to be more difficult to get a good design and good data than 
expected. 
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2 Theory 
This first chapter of part B presents some theoretical insights that have proved to be useful for 
this project. The focus of this chapter is at giving practical insights. For a thorough discussion 
on warehousing literature, the reader should refer to the scientific articles that are mentioned 
later on in this chapter. 

2.1 Questions to be answered 
A lot of scientific research related to the design and operation of a warehouse has been done 
over the past few decades. The available literature ranges from descriptions of how to design 
a warehouse in a structured way to the description of an algorithm to decide on the order
picking route in a warehouse. 

The goal of this chapter is to present insights from literature that are relevant for this project. 
Insights are relevant in the sense that they should support the decision making process on 
which alternative warehousing concepts are available for LC Acht and what cost reduction 
they result in. Therefore, this chapter will focus at answering the following research 
questions: 

• Which warehouse design procedures have been discussed in literature? 
• Which warehouse concepts can be distinguished? 
• Which rules of thumb for applying warehouse concepts are available and in which 

situation do these rules apply? 

These questions will be answered in the sections 2.3, 2.4 and 2.5. First, a short overview of 
the main research streams will be given in the next section. 

2.2 Overview of research streams related to warehousing 
A number of literature reviews on warehousing have been published. Those reviews have 
been published in scientific journals such as the European Journal of Operational Research 
and the International Journal of Production Economics. A good and comprehensive overview 
of the research on warehouse design and control is the article by Rouwenhorst et al. (2000). 

In their paper, Rouwenhorst et al. present a characterization of warehouses along the views 
processes, resources and organization. In addition, they present a classification of warehouse 
and design problems along those three axes at a strategic, tactical and operational level, 
respectively. They added a large number of publications in their framework and realized that 
most research is analysis orientated and concentrated on fine-tuning warehouse operations. 
The focus on fine-tuning results in the presentation of analysis of and algorithms for isolated 
problems, such as lay out design, routing and batching policies, the forward/reserve problem 
and storage policies. It is a pity, they conclude, that not more design oriented research is 
performed. However, they realize themselves that dealing with strategic level design 
problems, another type of research is needed. This research should include stochastic behavior 
of systems and people, the performance functions are more complex and the number of 
alternatives is larger. Still they feel that such research will fill an important gap between the 
scientific research and the practice of warehouse design and management. 

Other review articles include articles by Ashayeri and Gelders (1985), Cormier and Gunn 
(1992), Yan den Berg (1996) and Yan den Berg (1999). All reviews except Ashayeri and 
Gelders categorize the literature to dealing with strategic, tactical and operational decisions. 
Ashayeri and Gelders only distinguish tactical and operational decisions. In all review 
articles, the main focus is at the tactical and operational decisions. Those are of course the 
building blocks of the strategic and more conceptual decisions, but are presented as rather 
isolated issues. Therefore, they are not that supportive for the decision making process for this 
thesis project. Nevertheless, there are some strategically oriented articles that are useful. 
Those will be discussed in section 2.3. 
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A very different stream of research is done in Germany. This research can be seen more as 
"applied research", in the sense that the researchers try to support the creative process of 
warehouse design by providing different concepts and adding rules of thumb when to apply 
which concept. The Werksplanung Handbuch (Anonymous, 1992), Kommissionier Handbuch 
(Anonymous, 1993) and publications by Gudehus (1973), Jiinemann (1989) and Topper 
(1995) have been used for this project. The PhD report of Van Kempen (2001) and the 
Master' s Thesis report of Jansen (1996) (both written in the Dutch language) give examples 
of more applied design concepts as well. 

2.3 Literature on warehouse design frameworks 
"Which warehouse design procedures have been discussed in literature?" was the first 
research question . Ashayeri and Goetschalckx ( 1988) and Yoon and Sharp ( 1996) are two of 
the most useful articles, published in scientific journals, on frameworks for warehouse design. 
They are most useful because they give clear guidelines for design and factors that have to be 
analyzed. Both focus their article on the design of order picking systems, because that part of 
the warehouse operation causes most of the costs (50% - 60%) (Ashayeri and Goetschalckx 
( 1988)) in a distribution warehouse. 

Both articles follow a step-wise approach. Data analysis is the first step in both frameworks. 
The data analysis focuses on two aspects: determining the order profile and the main product 
characteristics. The order profile depends on the market characteristics and the distribution 
channels via which the products are sold to 
customers. Product characteristics do not only 
include value, size, weight and perishability of 
a product, but also average and maximum 
inventory per Stock Keeping Unit (SKU) and 
the total number of products. 

Based on the order profile and product 
characteristics, the capacity and structure of 
the order picking system can be specified. In 
this way, the basic concept of the order 
picking process is determined. See figure 2.1 
for the 9-step plan of the procedure that 
Ashayeri and Goetschalckx (1989) proposed. 

2. Material Characteristics Classification 
3. Customers' demand anal sis 

6. Mechanization level selection 

8. Desi of information control s stem 
9. Batching & Picking policy 
determination 

Figure 2.1 Approach according to Ashayeri 
and Goetschalckx. 

Yoon and Sharp ( 1996) propose a hierarchical approach, in which the order picking process is 
split up in parts. Product flows are analyzed in more detail and detailed engineering of the 
sub-processes and equipment takes place. Then, the strategies of the subsystems are 
determined and the sub-processes are integrated into the total process. In this way, the 
feasibility of the sub-processes is checked. 

Both authors , and others as well , state that warehouse design should focus at finding a good 
solution, rather than finding the optimal solution. A typical warehouse analysis and design 
project will go through the previous steps several times to find a good solution. 

2.4 Warehouse concepts 
The second research question was: "which warehouse concepts can be distinguished?" Before 
answering this question, it must first be said that there is a vast amount of equipment and 
technical solutions for warehouse problems. Warehouse processes can in essence very easily 
be comprehended: receive a box, put to stock and send box to customer. But because the 
number of times each activity has to be performed and the large variety of customer orders 
and of size and weight of boxes, the complexity in a warehouse can be very high. 
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Figure 2.2 gives a high-level perspective on the typical activities 
that are performed in a warehouse. Most of the concepts 
discussed in literature are focused at the combination "storage -
order assembly". A reason is that most of the costs are caused by 
these activities. In the next chapter it will be shown that for LC 
Acht about 75% of the operational costs are related to these 
activities, so that the focus in the remainder of this chapter will 
be as well on this part of the warehouse operation. 

In the next two sections, basic conceptual decisions are presented 
that can be used to generate alternative concepts for LC Acht. 
The selection of the best solution has to be made based on the 
results from data analysis concerning order profile and product 
characteristics. The factors that should be included in the data 
analysis will be discussed in section 2.5. The results of the data 
analysis of these factors for LC Acht will be discussed in the 
next chapter. 

2.4.1 Storage 
Storage concepts are split up into two parts: systems and strategies. 

TU/e 

Receive 

Put away 

Storage 

Order 
assembly 

Ship 

Figure 2.2 High level pers
pective on warehouse activities 

Concerning systems, there are a number of options that can be distinguished. The 
applicability of those alternative systems is based on questions such as: 

• Is the product a fast- or slow-mover? 
• Is the average inventory per product large or small? 
• What is the size of the product? 
• What is the typical storage quantity of a product? 

Table 2.1 lists the most commonly used options and their applicability. More details 
concerning these systems are included in Appendix 8. 

Table 2.1 Storage system options (Anonymous, 1992). 
Option Applicability 

Products: Storage density Palletized 
fast/slow movers 

(Single or double) Pallet rack Slow / medium Low Yes 
Flow rack Fast High Yes 
Push back rack Medium Medium Yes 
Drive in/through rack Medium Medium Yes I No 
Mobile rack Very slow High Yes 
No rack: block stacking of Slow/ medium High No 
products 

Single-deep pallet rack is considered as the benchmark storage system, since most companies 
use this type of storage. Flow rack is particularly interesting for goods flows with a high 
throughput and a low number of SKUs. Mobile rack is particularly interesting for a large 
number of SK Us with a low throughput. 

There are three storage strategies: random storage, class-based storage and dedicated storage 
(Geenen, 1996). 
Random storage: there is no allocation strategy for products to the storage locations. Each 
product can be assigned to each location. This strategy results in the best utilization rate of the 
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bulk store, but transportation distances and times will be larger. The assignment of a product 
to a storage location will be recorded in the warehouse management system. 
Dedicated storage: this strategy is the other end, because each product has assigned unique 
locations where it can be stored. The disadvantage is that utilization will be lower, but the 
advantage is that fast moving products can be assigned to the best locations, thus decreasing 
the travel distances. 
Class-based storage: in between those strategies is the strategy of class-based storage. The 
storage is split up in several zones and the SKUs are allocated to one of those zones. A 
frequently used classification is the ABC-classification, where products with many visits are 
assigned to the locations that result in the shortest transport distance. Other possible 
classifications of products include box weight, box size, product value and temperature 
requirements. 

2.4.2 Assembling orders 
The process of assembling orders has two aspects, too: a system and an organizational aspect. 

System aspect 
Gudehus (1973) has developed a classification for the system aspect of the alternatives of 
handling out. The basic idea of the classification is the split up of the process into four 
functions/system elements that have to be fulfilled. Table 2.2 gives an overview of the system 
elements that he distinguishes. 

Table 2.2 System elements according to Gudehus ( 1973). 
Function/system Options Description 
element 
Prepare articles Static The order picker moves to the handling units 
for picking 

Dynamic The handling units are moved to the order picker 

Moving of the One-dimensional The order picker can only move in one direction at a 
order picker time in the pick aisle 

Two-dimensional The order picker can move in two directions 
simultaneously in the pick aisle 

Picking of Manual No automatic or mechanic equipment is used for 
products picking 

Mechanical The picking is completely done by automatic 
equipment (no manpower) 

Move away Central The order picker transports the handling units to a 
gathered articles central location for checking, sorting and preparation 

for shipping. 
De-central The picked handling units are put on conveyor 

equipment immediately after picking. The conveyor 
moves the handling units to a central location for 
shipping preparation 

Not all the system combinations are feasible in practice. In fact, there are about 8 
combinations that are used frequently in practice. One example will be given to explain the 
functions and alternatives. For other examples, the reader is referred to Gudehus (1973) or 
Janssen (1996). Appendix 9 contains more information on the advantages and disadvantages 
of each system element. 

Consider the order pick process where a warehouse operator makes his pick tour through the 
storage with a pallet and takes out the products that are all stored on ground level, manually. 
After visiting all the locations, he brings the products to a central point where they will be 
handled further. This process can be classified with the Gudehus ' framework as: 
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Static preparation of articles: the warehouse operator goes to the articles (man-to-article); the 
articles do not move. 
One-dimensional moving of the order picker: the warehouse operator does only travel in 
horizontal way, because all the products are located on ground level. 
Manual picking of products: the warehouse operator takes out the products by hand, he does 
not use additional equipment for that. 
Central movement of the pallet with articles: after completing the pick tour the warehouse 
operator takes the pallet to a central location. 

The Gudehus' framework was originally designed for the "Order assembly" activities. 
However, the framework can also be used for the "Put Away" process, because that process is 
the mirror image of the order assembly process. 

Organizational aspect 
The organizational aspect can be classified according to two aspects (see table 2.3). The first 
aspect is related to the question if pick orders are assembled order-orientated or article
orientated. In the first case, the order picker goes through the pick storage and assembles all 
the orders. In the second case, the order picker takes products from the storage, brings them to 
a central point and then distributes those products over the various orders. Article-orientated 
picking is also referred to as two-step order picking. 

Table 2.3: Organizational aspects of order assembling (Geenen, 1996). 
Order orientated Article orientated 

Serial 1 order gicker, one order 
Advantages: 

• Little preparation needed 

• No separate sorting 

• Quality check is easy 
Disadvantages: 

• Travel distances can be long 

• Little specialization 

• Wide aisles needed 
Parallel Several gickers one order, based on Several orders merged into one batch 

zone gicking order and sglit again into orders . 
Advantages: Advantages: 

• Shorter order throughput time • Large amounts => smaller travel 

• Little search time distance / time 
Disadvantage: • Order sorting can be in smaller area 

• Split order has to be merged/ Disadvantages: 
sorted • Two activities: batch picking and 

sorting 

• Additional m2 needed for sorting 

• IT and control requirements are 
higher 

The second aspect is serial versus parallel order picking. In the case of serial order picking, 
one warehouse operator works on a full order or a part of it, after which he starts the next 
order and hands over the previous order to a colleague. In the case of parallel order picking, 
the order pickers work simultaneously on a part of an order. The parts are then sorted to the 
original order again. 

A special case is when a warehouse employee gets two warehouse orders. If he picks both 
orders in one pick tour with such equipment that he can sort the products immediately to the 
right customer tote, crate or pallet. Such process execution is referred to in literature as "sort
while-pick". 
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2.5 Rules of thumb 
The third and last research question was: "which rules of thumb for applying warehouse 
concepts are available and in which situation do these rules apply?" To answer this question, 
it should first be clear what are the important order profile and product characteristics to 
determine a good warehouse concept. This will be discussed in section 2.5 .1, while section 
2.5.2 will go into more detail on the rules of thumb. 

Factors that impact warehouse design 
The data are split up in the characterization of the order profile and the product 
characteristics. Table 2.4 gives an overview of the important factors that should result from 
data analysis. Those factors will help to determine a good warehousing concept and are in 
particular useful when dealing with the order assembly process. Several publications mention 
these factors as important, for instance Oostendorp (1995), van Kempen (2001) and Ashayeri 
and Goetschalckx (1988). 

Table 2.4: Characteristics to determine during data analysis. 
Order profile Product characteristics 
Number of orders per day Volume 
Number of order lines I order Weight 
Number of units per order line Perish ability 
% of full pallet pick Special conditions (f.i. temperature related) 
ABC classification of SKUs (lines or pallets) Number of unique products (SKUs) 
Average inventory per SKU 

ABC classification in this content focuses at determining which products are fast movers (A
class products) and which products are slow movers (C-class products). For this analysis the 
number of location visits is the basis for the ABC classification. 

These characteristics have been determined for the operation at LC Acht. The results are 
presented in the next chapter. 

It is useful to note that Ploos van Amstel ( 1995) uses two different characteristics, which have 
partial overlap with the 11 characteristics in table 2.4. The two characteristics of Ploos van 
Amstel are: 

• Packaging density 
• Handling frequency 

Rules of thumb 

= Handling units (boxes or pallets) per m3 

= Handling units (boxes or pallets) per hour 

Topper (1996), Janssen (1996) and Van Kempen (2001) all present in their work rules of 
thumb for when to apply which warehouse concept. Janssen has taken the approach to look 
first at the available warehousing concepts within a large Dutch third party logistics company 
and then to determine which values for the order profile and product characteristics lead to 
which warehousing concepts. The research of Janssen was focused at giving more insights for 
the initial design or redesign phase of a distribution center. Therefore, her work does give 
directions for the concept, which should be evaluated in the detailed design more thoroughly. 

Topper and Van Kempen take a similar approach, but do not base themselves on available 
concepts. Instead of that, they present a comprehensive concept framework, which is strongly 
based on the work of Gudehus and on the available warehousing solutions at system 
suppliers. These publications do give some rules of thumb of when to apply which concept. 
Rules of thumb are included in Appendix 10. Here, the rules of thumb from Janssen (1996) 
are presented to determine when to apply article-oriented box picking and when to apply 
order-oriented box picking. Janssen distinguished 5 characteristics that make article-oriented 
box picking more preferable over order-oriented box picking: 
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1. The percentage of products (SK Us) that sum to 80% of all order lines is low. 
2. The number of order lines per order is low. At OHL, this characteristic can be 

translated into the number of SK Us per pallet, since it has been defined that one pallet 
is one customer order and one line is one unique article type, 1 SKU. 

3. The total number of articles is (very) low. 
4. The total number of different orders per day is low. 

These rules of thumb will be used later on to decide on the solution to choose. 

2.6 Conclusions 
The aim of this chapter was to present theoretical insights to support the process that will lead 
to generation of other warehousing concepts for LC Acht and the decision making process to 
determine which option will result in the largest saving. The main conclusions from this 
chapter are that most publications in popular scientific journals deal with small process 
optimization problems and much less with conceptual or strategic decisions. A second 
conclusion is that optimal results are very hard to achieve . The main focus in warehouse 
design is at the order assembly process and storage concept. The conceptual framework of 
Gudehus has been presented for the order assembly process; several storage concepts have 
been presented as well. Apart from the systems side of a concept, there is also an 
organizational/strategic side . This side does play an important role in the performance of the 
system, but has a smaller impact on the capital investments of equipment. 
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3 Current operational process and related costs 
This chapter will focus on the operations at LC Acht. Section 3.1 will discuss the processes in 
general and focus at the order assembly process in particular. The supporting warehouse 
management system, which enables fast and zero-error operations, will be discussed in the 
section 3.2. In the section 3.3, the current operation will be classified according to the 
conceptual framework that was presented in the previous chapter. Section 3 .4 will present the 
results from the data-analysis on characteristics as were presented in the previous chapter. 

3.1 High level process description 
3.1.1 Focus area 
The high level process is shown in figure 3.1. This figure is similar to 
figure 2.2 in the respect that it displays the 5 main processes in the 
warehouse. The process "receive" starts when the truck or container 
arrives and ends when all pallets have been unloaded and checked and 
when they are ready to be put on stock. "Put away" ends at the moment 
that the pallets are put in the storage racking. "Storage" ends when the 
pallets or boxes are retrieved to be send to the customer. This means 
that if pallets are moved from one storage location to another, they are 
still in the process "storage". "Order assembly" ends at the moment 
that the customer pallets are assembled and waiting at the lane for 
shipment. The "Ship" process is finished when the truck is loaded and 
ready for departure. 

However, figure 3.1 contains more information, i.e. the total costs per 
main process during 2003. These costs are included as percentage of 
total costs. The presented costs include all the labor costs and all the 
equipment costs, such as pallet trucks and hand trucks. These costs 
sum up to about 50% of the total costs of LC Acht. These costs include 
most of the variable costs ( considering costs for housing, management 
& staff and user costs as fixed). 

Receive 
16% 

.... 
Put away 

11% 

.... 
Storage 

6% 

.... 
Order assembly 

60% 

... 
Ship 
7% 

Figure 3.1 High
level perspective on 
warehouse activities 
and related costs. 

From figure 3.1, it can be concluded that the main activity, order assembly, contributes with 
the largest percentage of total costs (60%). The assembling of orders is closely related to the 
storage concept, which in its tum is related to the way incoming goods are "put away". The 
processes "receiving" and "shipping" are less tightly coupled with the other processes. 
Therefore, the scope of the further analysis in this chapter will be on the three "middle" 
processes: put away, storage and order assembly. 

3.1.2 Details of focus area 
Figure 3.2 is a more detailed description of the processes in the focus area. Put away is still 
one process block. What used to be "storage" is now split up in "bulk store" and "pick store" 
for full pallets and broken pallets respectively, and one process, called "replenishment". Note 
that the bulk store and pick store do not represent activities but only pallets and boxes that are 
put on stock. Through the process of "replenishment" the pick store is refilled with pallets 
from the bulk store when there is no inventory of a SKU in the pick store. 

The other processes, encircled by the dotted lines, are part of the order assembly process. The 
top encircled part is the full pallet pick process, via which pallets from the bulk store are 
transported to the shipping area. The lower encircled part is the box-pick process, through 
which boxes are assembled to customer orders. Often, customers order quantities of one 
product, which results in two full pallets and five boxes, for instance. The process of building 
customer pallets is done by the warehouse management system and is discussed in more detail 
in section 3.2. A distinction is made between large boxes and small boxes in the box pick 
process. This distinction is important, because the processes are rather different. The criterion 
that is used is the weight of a box. Labor laws dictate that employees should not lift boxes 
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heavier than 23 kilograms. Some of the large television sets do weigh more than 23 
kilograms . Those boxes are handled in a special area, where the handling of boxes is not done 
manually, but by help of a clamp truck. 

A third aspect that is represented in figure 3 .2 is the number of pallets that are handled in each 
of the processes. It is clear that the volume of products that is handled via the full pallet flow 
(top encircled part) is much higher than the volume that is handled through the box-pick flow, 
respectively 269 thousand full pallets and 112 thousand full pallets. The full pallets that are 
transported to the box-pick process are broken down to 206 thousand customer pallets. It is 
interesting to note that the full pallet flow causes only 13% of the total costs, while the box
pick pallet flow causes 47% in the picking operation and another 6% through the 
replenishment process. This difference is caused by the fact that the process of assembling 
boxes to box-pick pallets requires different steps compared to the retrieval of a full pallet. 
These two processes are described in section 3.2 in more detail, but first a description of the 
functionality of the warehouse management system will be given in the next section. 

Put away 
11% 

store i-------~►.il Transportto 
lane 3% '------~ 

Full pallet 
oick 10% 

269.429 Pallets 
112.053 Rallets 

Replenish
ment 6% 

store 

, ......................................................................................... . 

, ........................................................................................ . 
Box pick 
laroe 7% 

Box pick 
small 30% 

Check & 
oack 7% 

205.842 Pallets 

Transport to 
lane 3% 

Figure 3.2 Process description of three focus main activities . 

3.2 Support of Warehouse Management System to order picking process 

Total cost 
13% 

Total cost 
47% 

This section deals with the functionality of the warehouse management system (WMS) and 
the way that it supports the order picking process. In section 3 .2.1, the working of the WMS is 
described. The full pallet pick process is described in section 3.2.2 and the box-pick process 
in section 3.2.3 . 

3.2.1 Transformation of customer order to warehouse order 
One of the major functions of the warehouse management system is to transform the customer 
orders into warehouse orders. 1 warehouse orders is 1 customer pallet. Warehouse orders are 
used to manage the operations on the floor. 

Customer orders are collected in the Philips Order Pool. Customer orders contain information 
on: 

Delivery: order header with information on the customer and the order date. 
Delivery detail: order lines with information about the SKUs and the quantities per 
SKU that are ordered. 
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Deliveries Delivery details 

Nr. Customer Date Line nr SKU Quantity 

1 A 03-10-03 1 AB 24 

2 CD 15 

2 B 04-10-03 1 EF 50 

Figure 3.3 Example of 2 customer orders. 

Figure 3.3 gives an overview of the information that is collected in the order pool. This 
information is the input for the warehouse management system. Via several actions, the WMS 
will generate warehouse orders from these customer orders. 

The first step is retrieving the full pallet T bl 
3 1 

F 
11 11 templates from the system. The full pallet 

template shows what is the standard number of 
products per full pallet for a specific SKU. The 
full pallet template consists of two parts, the 
number of boxes on a pallet (pallet quantity) and 
the number of products per box (box quantity). 

a e u pa et temp ate per SKU 
SKU Pallet qty Box qty Template 
AB 8 2 16 
CD 48 1 48 
EF 24 1 24 

Table 3.1 shows the full pallet templates for the products of the previous example. Because 
Philips sources from several plants, there may be more than 1 full pallet template for one 
SKU. In that case, the person that works with the WMS decides what is the active template. 

In the next step, the WMS decides per delivery line (SKU and quantity per customer) if the 
product can be sent to the customer as a full pallet or not. In the latter case, the warehouse 
operator has to pick boxes from the pick store. Figure 3 .4 gives an overview of the results for 
this example. 

Deliveries Delivery details Delivery detail split 

Nr. Customer Ship date Line nr SKU Qty Split nr Qty Pallet nr 

1 A 03-10-03 1 AB 24 1 16 Y249 

2 8 

2 CD 15 1 15 

2 B 04-10-03 1 EF 50 1 24 Y250 

2 24 Y251 

3 2 

Figure 3.4 Results after the first calculation. 

What has happened is that the ordered quantities are divided by the full pallet templates to 
decide how many full pallets and how many boxes are needed. The most right column of 
figure 3.4 contains the "pallet number". If a product can be delivered with full pallet quantity, 
a pallet number has been filled in in figure 3.4. If nothing has been filled in, another 
calculation has to be done. 

In this second calculation, the delivery detail splits are assigned to customer pallets. First, all 
the detail splits are added to a new table. With this table, an algorithm calculates which 
products can best be combined on one customer pallet. It can be that there are special 
customer constraints, which impacts this decision. When this second calculation is completed, 
it is clear which boxes should be picked to which box pick customer pallet. 
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In the last step, shipments and departures have to be built. A shipment is a collection of all the 
order lines with the same destination address per requested date. Through shipments, one can 
see which pallets should be sent to which customer. As a result, OHL can decide upon the 
number of trucks that are needed to transport the products to the customer. Pallets are 
assigned to departures. One departure is characterized by order line splits with the same 
delivery address and delivery date. Departures are then assigned to trucks . 

At this moment, the customer orders are translated into warehouse orders, because each 
customer pallet is equal to one warehouse order. It is clear which products can be picked as 
full pallet and which should be assembled to a box-pick pallet. It is clear as well at what time 
the pallets should be ready for shipping. This information is then printed by warehouse 
clericals to pallet stickers. Those stickers do act as the trigger of the warehouse operation. The 
warehouse orders can be picked at the moment that the warehouse clericals assign an 
outgoing pallet lane in the warehouse to a departure. This is generally done 2 to 4 hours 
before arrival of the truck. The warehouse operations that occur in the meantime will be 
described in more detail in the next two sections. Note that the warehouse orders (customer 
pallets) are the starting and central point for the execution of the operations on the floor. 

Lastly, it should be noted that the process of building pallets, departures and shipments has 
been set as fixed for this project. On the one hand it can be said that this project focuses on 
warehousing operations and concepts and not on warehouse IT. On the other hand, it is true 
that most of the warehouse management systems have a similar approach for this process. 

3.2.2 Full pallet pick process 
The start of the operation is that a warehouse operator gets a number of warehouse orders 
(pallet stickers) that he has to complete. After scanning the label, he sees the pallet location 
where he should take the full pallet from. After he has picked up the pallet, he is notified of 
the outgoing lane via his RF scanner. The warehouse operator can choose to drive the pallet 
to the lane himself or deliver the pallet to a drop-point. In the case that he chooses to drop the 
pallet at a drop point, another warehouse operator will bring the pallet to the right outgoing 
lane. All full pallets for TV orders have to be palletized before transport to lane, because the 
pallets are stacked in blocks without pallets. The key cost driver of this process is transport, 
although handling and scanning takes considerable time as well, especially if a pallet has to be 
taken from one of the high racking locations. 

3.2.3 Box-pick pallet process 
The box-pick pallet process starts with the release of a warehouse order to a warehouse 
operator, too. After scanning the label, he sees which type of pallet he should take from the 
empty pallet store. After he has scanned a confirmation code, he will go to the location of the 
first SKU, which address he sees in his radio-frequency scanner screen. He then confirms via 
scanning that he is at the correct location and takes out the requested number of boxes. If 
necessary, he adds box-labels. He then goes to the next location to pick that SKU and repeats 
the previous activities. After he has collected all the boxes, he brings the pallet to a central 
point where a warehouse supervisor does a quality check. After that the pallet is wrapped with 
stretch foil and transported to the outgoing lane. 

There are a few specific processes in the warehouse for assembling box-pick orders: 
• Process Box Pick Large: this process refers to the order pick of products heavier 

than 23 kilograms, mostly TV products. Because of the weight of these products, a 
clamp truck is needed. Sometimes the warehouse operator does not make a tour 
through the pick storage, but he locates the pallet at one point and brings the boxes to 
that point. 

• Process Box Pick Small & Pieces: this process refers to the order pick of non-TV 
products. These products can be picked on both box level or, if this applies, piece 
level. For instance, microphones and batteries can be ordered by customers per piece 
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and per box of X pieces. If a product is ordered as a piece, it has to be repacked in a 
new box. All handling of boxes and pieces is done manually. 

• "Batch pick": Full pallets are stored according to a template in the warehouse. Some 
customers request a lot of products of one type at one moment, but they have special 
constraints. For instance a maximum height of a pallet or the constraint "no 
overhang". Because of these constraints, the pallets cannot be shipped in the standard 
full pallet template. As a result, a lot of pallets should be assembled with 1 specific 
SKU. For these cases, OHL will generate replenishment orders that are transported to 
a location in the warehouse where the pallets will be restacked according to the 
customer constraints. This process is only partially supported by the WMS. Clericals 
decide if an order can be picked as a so-called "batch pick". Note that this batching 
does in general not include more than one customer order and is therefore not similar 
to the meaning of the term batching that is used in literature. 

3.3 LC Acht warehousing concept within conceptual framework 
A conceptual framework was presented in the previous chapter. In this section, the operations 
of LC Acht are classified in the conceptual framework. The framework includes the following 
aspects: 

Order picking, system 
Order picking, organization 
Storage, system 
Storage, strategy 

These aspects will be discussed in the next four sections. 

3.3.1 Order picking, system 
The order picking, system aspect deals with the classification of order picking systems of 
Gudehus. Table 3.2 shows the mapping of LC Acht on this classification. 

T bl 3 2 LC Ah a e c t mappe on u e us c ass1 1cat1on. d G d h ' I 'fi 
Function/system element LC Acht 
Prepare articles for picking Static: the products are placed at fixed locations. The order 

picker travels to the pick location. 
Moving of the order picker I - dimensional: The order picker only travels in one direction 

at a time. 
Picking of products Manually\Mechanically: For most of the products in the box-

pick operation, the picking is done by hand. Though, for the 
large boxes (>25kg) and for the full pallets, the picking is done 
mechanically. 

Move away gathered Central: All the boxes are transported by the order picker to one 
articles central location. 

3.3.2 Order picking, organization 
For the order picking organization, two dimensions were introduced: article-oriented vs. 
order-oriented picking and serial vs. parallel picking. The three possible combinations 
included: order-oriented & serial, order-oriented & parallel and article-oriented & parallel. 

The default order picking organization at LC Acht is order-oriented and parallel. It is order
oriented, because the starting point of each pick tour is a pallet label, i.e. a warehouse order I 
part of a customer order. It is parallel, because more than 1 warehouse employee at a time can 
be working on a customer order. This takes place if a customer order contains more than one 
pallet. The sorting process that is included in parallel order picking is done through driving 
the pallets to the outgoing lanes. 

It must be noted that one warehouse employee only works at I warehouse order at a time, but 
he can work on several customer orders at that time. This is caused by the fact that there are 

22 



_--.'51''-== 
fOLt/170#.f' TU/e 

distribution flows where customer orders are consolidated and built onto one pallet. An 
example are the pallets that go into the distribution networks of Jan de Rijk and Van Gent & 
Loos. The warehouse orders contain boxes for several customers. These pallets are broken 
down at the distributor and the boxes are shipped to the final customers. 

3.3.3 Storage, system 
The default storage system at LC Acht is the single pallet rack for all the palletized products 
and block stacking for the TV products that can be stacked (this is decided during the product 
design phase). In general , it can be said that for the box pick large products, the storage 
system is block stacking, while for the box pick small products, the storage system is single 
pallet rack. 

3.3.4 Storage, strategy 
There are three storage strategies: random, dedicated and class-based storage. The storage 
policy at LC Acht can be classified as class-based storage. For the full-pallet store, the classes 
are determined by the weights of a product, height of a pallet and value density of the product. 
For the pick-pallet store, the classes are determined first by ABC category and then by 
weight. Within each class, the products can be placed randomly. Therefore, this strategy is 
also known as "random within classes". 

The classes are not fixed. Until February 2004, there was another zone criterion, which 
separated the AudioNideo and Television products from the Monitor and Accessories 
products. At this moment, that criterion does not play a role anymore. In the future, new 
criteria or restrictions may be introduced. 

3.4 Data analysis 
Table 2.4 in the previous chapter presented 11 characteristics that are important to help 
determining the direction of a good warehouse concept for certain goods flows. From these 
characteristics the number of orders per day, number of units per order line, perishability and 
special conditions (for instance temperature related) are not important at LC Acht. This leaves 
nine characteristics that will be discussed in the next sections. 

3.4.1 Number of order lines per order 
The number of order lines per order is equal to the number of different products (SK Us) that 
is ordered per customer. One can also look at the warehouse orders, to see the variability that 
is caused by an order pattern of many different products. Figure 3 .5 gives an overview of the 
number of different products on a box pick pallet. From the figure it can be concluded that 
more than half of the box-pick pallets contains just one product type. Only 10-15% of the 

pallets have more than 5 
70% ~------------~ different SKUs. The 

Ill 

60% 

50% -

,i 40% -

[ 30% 
~ 0 
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10% 

0% 

2 

D April 2003 

■ Oktober 2003 

3 4 5 >5 

SKUs per pallet 

Figure 3 .5 Number of SK Us per customer pallet. 

results are similar for 
April and October, a low 
season and high season 
month, respectively. 
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3.4.2 Percentage of full pallet pick 
From section 3.1.2 it can be concluded that the full pallets as percentage of the total number 
of outgoing customer pallets is about 55% . If we look at the quantities that are taken from the 
full pallet store, the percentage that is used for the full pallet pick process is about 70%. 
Nevertheless, the costs for the full pallet operation are much smaller than the costs for the box 
pick pallet operation. 

3.4.3 ABC classification of SKUs 
The ABC classification can be done for the full pallet pick process and for the box-pick 
process. Both ABC classifications are done based on the number of visits of a warehouse 
operator to a pick location. For the full pallet pick process, this is equal to the number of 
pallets that is retrieved per SKU, for the box-pick process, this number is equal to the number 
of times a product-pallet combination exists. 

Figure 3.6 contains the results of the ABC analysis for the box-pick process. The ABC classes 
have been defined in such way that the A class products have 80% of the hits, the B class 
products have 15% of the hits and the C class products have 5% of the location visits. From 
figure 3.6 it can be concluded that the A class and B class have both about 25% of the total 
number of SKUs and the C class has about 50% of all SKUs. In other words, the 25% fastest 
moving products sum up to 80% of the location hits and the 50% slowest moving products 
sum up to only 5% of the location hits. 

60% 

50% 

40% 
C/1 

:::::, 30% ::ii:: 

"' 
□ April 
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20% 

10% 

0% 

A B C 

Figure 3.6 ABC analysis for box-pick process. 

Similarly, an ABC analysis has been made for the full pallet pick process, with A = 80% of 
the location hits, B=l5% and C=5%. The results can be found in the table below. A 
distinction has been made between the SKUs for the Television products and the SKUs for 
the non-Television products. Next to the A, B and C class, two D (dead) classes have been 
made for SKUs for which stock was available at the first day in the month, but that were not 
active in the full pallet pick process. One can conclude that the distribution of ABC for the 
active full pallet pick SKUs was similar to the one of the box-pick process. However, the 
SK Us involved in each category do not necessarily need to be the same ones. 

T bl 3 3 ABC a e . ana1ys1s or u pa e pie I ·r, fill lit 'k process. 
Full pallet ABC # SKUsTotal StockTotal # SKUsTv StockTV 
A 116 10412 25 2994 
B 163 4434 27 1095 
C 298 3293 41 801 
D (box pick) 458 2044 55 774 
D (no movement at all) 303 812 162 311 
Total 1338 20995 301 5965 
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3.4.4 Average inventory per SKU 
The average inventory per SKU can be calculated from table 3.3 in the previous section. It is 
clear that the fast moving articles have the largest average stock per SKU. For A, B and C 
class (non-Television) this is 90 pallets, 27 pallets and 11 pallets, respectively. For Television 
this is 120 pallets, 41 pallets and 20 pallets, respectively. It must be said that this is a snapshot 
analysis, since the presented stock levels are the ones of only I day. It can be very well that 
the data was biased; therefore conclusions cannot be drawn from this data. 

3.4.5 Volume per product 
There is a wide range of volume per product. The smallest products can be picked as a piece 
and are packed with several ones in a box. On the other hand, the largest products have a 
volume of more than 1 m3

• This fact makes the operation at LC Acht more complex, because 
the processes should be able to deal with both possibilities. The warehouse operators cannot 
specialize themselves, because all warehouse orders are assembled via the same process. The 
operators can face a large variety of boxes in one pick tour. 

3.4.6 Weight per product 
The weight per product has a wide range as well. Some large Television sets weight about 
100 kilograms, while the smallest products only weight several hundreds grams. Figure 3.7 
gives an overview of the weight categories and the number of SKUs per category. In 
principle, the products that weight more than 23 kilograms cannot be handled manually. 
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Figure 3.7 Weight categories and number of SKU per category. 

3.4.7 Number of unique products 
The number of SK Us that is active at one moment at LC Acht varies between 1400 and 1700. 
Each month 100 new products are introduced. Because the number of products is rather 
stable, each month about 100 SK Us are phased out as well. Some of the SK Us are only active 
in the box-pick process; others are only active in the full pallet pick process; most of the 
SKUs are active in both processes . 

3.5 Costs per pallet 
This last section will go into more detail on the question how the variable costs of the box
pick process are distributed over the box-pick pallet categories. Figure 3.5 showed that a large 
part of the box-pick pallets only contains one SKU; the question is what effect that has on the 
variable costs of the box-pick process? 
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To analyze this, the quantities of the box-pick large (% Box Large), box-pick small (% Box 
Small) and pieces (% Piece Lines) per box-pick pallet category have been defined. Those 
quantities have been multiplied by the Activity Based Costing tariffs for LC Acht. Figure 3.8 
presents the results of this analysis. The green bar represents the costs for each SKU/Pallet 
category. 

80,0% -,--------------------------~ 

70,0% +----------- -----------

60,0% +----- - ----- ----------

50,0% - -- ------------ ----- -

40,0% 

30,0% 
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10,0% 
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1 2 3 4 5 6 7 8 9 10 >10 

SKU/Pallet category 

■ %Pallets 

■ %Box Small 
■ %Box Large 

□ % Piece Lines 
Cl% Costs 

Figure 3.8 Goods flows and variable costs per SKU/ Pallet category, April 2003. 

The four items (pallet, small boxes, large boxes and pieces) can be seen as cost drivers. For 
instance, for each pallet a number of fixed activities have to be done, such as taking the 
warehouse order, taking an empty pallet and traveling to and from the pick front. The values 
that are shown in figure 3 .8 represent relative values compared to the total number for that 
cost driver. Summing all the bars with a similar color sums to 100%. 

What can be learned from figure 3.8 is that the costs for the 1 SKU/pallet category are highest. 
This is logical, since most of the pallets and small and large boxes are represented in this 
category. However, the costs for the pallets with more than 1 OSKUs/pallet are high as well; 
they represent about 20% of the total variable costs. 6% of the pallets, 9% of the small boxes, 
2% of the large boxes and 70% of the pieces cause these costs. Apparently, the piece picking 
results in a lot of costs for this category. 

Furthermore, figure 3.8 shows that the focus for improvements in the box-pick operation 
should be at either side of the diagram. Either one should focus at the 1 SKU/pallet category, 
or one should focus at the > 1 OSK Us/pallet category. These results will be used in the next 
chapter to decide which solution for LC Acht should be chosen and will be worked out in 
detail. 

3.6 Conclusions 
The conclusions from this chapter are that the box-pick process causes significantly more 
costs than the full pallet pick process. The number of SKUs on a box-pick pallet is low, 55% 
of the pallets does only contain 1 SKU. The order-pick system is not very advanced in the 
sense that equipment with high investments is not used. The storage system for most of the 
products is single pallet rack, which is the most common storage system. The costs of the 
box-picking operation are centralized in the pallets with low number of SKUs and with very 
high number of SKUs. This hints at process differentiation as a way to reduce costs. 
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4 Alternative concepts 
In this chapter, five solution options will be presented. This will be done in section 4.1. For 
each option, the basic concept, the applicability and advantages and disadvantages will be 
discussed. In section 4.2, a costs-benefits estimation will be presented, which is the basis for 
the selection of one option in section 4.3 

4.1 Solutions options 
The five solution option that have been developed are: 

I. Article-oriented box-picking 
2. Mechanization of box pick large 
3. Alternative storage system large boxes 
4. Alternative storage system small boxes 
5. Internal transport via conveyors / AGVs 

These options will be discussed in detail in the next 5 sections. These options have been 
developed in the following way. The concept classification from chapter 2 was taken as 
starting point. Then, the current operation was mapped on the classification. From that point, 
changes were made to the current concept, by adjusting I aspect at a time of the concept 
classification model. For instance, pallet racking was changed to flow racking. The concepts 
were discussed with the steering committee of OHL and this short list of 5 options was 
created. These options were worked out in more detail. 

4.1.1 Article-oriented box-picking 
The basic idea of article-oriented box-picking is that several orders are batched. For this 
batch, all products are taken out of the bulk and pick store. This is the first step. In the second 
step, the products are sorted to the customer pallets. As a result, the transportation times to, in 
and from the pick store per pallet will decrease significantly. Figure 4.1 gives an overview of 
this solution option. Note that the underlined words within the box "concept" show the 
changes compared to the current concept. 

Concept Applicability 

• System: static / I -dimensional / manual / • Number of SKUs per pallet is low 
central or decentral • Best for fast-movers 

• Organization: Article-oriented/ Parallel • Large volumes per batch 

• Central movement away: "manual piclc' • Boxes should be more or less similar in size 

• Decentral movement away: "pick-to-belt " (in case of pick-to-belt) . 

Advantages Disadvantages 

• Reduction of transport times m pick • Additional sorting activities (€ and m2
) 

operation => reduction variable costs • Possibly additional labeling activities 

• Focus in pick process will shift to fast • High investments in case of pick-to-belt 
movers • Control of process will become 

• Less m2 needed for order picking important 

Figure 4.1 Overview of solution alternative I 

The basic trade-off for article-oriented box-picking is this : are the savings in fixed time per 
customer pallet and transport time to pick locations large enough to justify an additional 
sorting step. The question is how the sorting process is executed. This can be done manually 
or via a sorting installation. The two solution options that are discussed here include: 

Manual picking and sorting 
Pick-to-Belt picking and sorting 
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For the manual sorting, the number of SKUs per pallet should be low. If this is high, the 
sorting process will become too complex. Look at the rules of thumb in chapter 2 for more 
information. To get acceptable order-picking quality in such process requires quite some 
control and IT support, which can only be installed with large investments. Lastly, more space 
can be needed for an article-oriented box-picking process, because the sorting step can require 
quite some additional square meters. It depends on the situation how many square meters can 
be saved in the broken pallet store. 

4.1.2 Mechanization of box pick large 
The factor labor in the box pick process can be reduced if a combination of flow racks and 
automatic release of products to a (roller) conveyor and then sorted to customer order. Such 
system can be implemented in several ways. A low investment option includes manual sorting 
and transport via roller conveyors. In that case the number of orders that have to be completed 
simultaneously should be limited. This can be the case for the box-pick operation of TVs. 
Figure 4.2 gives an overview of advantages and disadvantages. An overview of the 
conceptual layout of this option has been included in Appendix 11. 

Concept Applicability 

• System: dynamic / I-dimensional / • Limited number of SK Us per pick pallet 
mechanic / decentral • Limited number of pallets per hour 

• Organization: Order-oriented / Serial • Workload per conveyor can be managed 

• Storage system: flow racks with automatic well 
box release 

Advantages Disadvantages 

• Higher stocking density • Additional handling for replenishment 

• Transport times order picking reduced • Lift-help or other equipment needed to build 

• Handling order picking reduced a pallet 

• Flexibility of system is limited 

• Large investment, thus higher fixed costs 

Figure 4.2 Overview of solution alternative 2. 

4.1.3 Alternative storage system large boxes 
Another solution option is to change the system for both the full and broken pallet storage of 
large boxes. In this way, the storage density can become higher, the transport times can be 
lower and thus the operational efficiency will improve. This solution option deals with a 
pallet rack system for the slow-moving SKUs and class-based storage based on ABC 
classification for the large boxes storage. Figure 4.3 gives an overview of this solution option. 

Concept Applicability: 

• Storage system: Pallet rack for slow- • Slow-moving SKUs that are now stored 
movers with block-stacking 

• Storage system: zones based on ABC • Limited number of SK Us (block) 

Advantages Disadvantages 

• Better use of available space (m2
) • Additional activities for ABC calculation 

• Fast-moving products are assigned to the • Investments in pallet racks 
best locations 

Figure 4.3 Overview of solution alternative 3. 
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4.1.4 Alternative storage system small boxes 
This option is similar as the previous solution option, but now for the small boxes storage 
system. The main idea is to use flow-racks for the fast moving SKUs that have a large 
inventory. Secondly, the bulk store will be classified according to ABC (fast-medium-slow 
movers). The locations that can be accessed most easily will be reserved for the A-class 
products, while the top-level locations will be assigned to the C-class products. Figure 4.4 
gives an overview of this solution option. It must be noted that a thorough study is needed to 
evaluate the question whether such a big investment can be justified given the fact that the 
flexibility is very limited. 

Concept Applicability: 

• Flow-racks for fast-moving SKUs • Fast-movers: large throughput per SKU 

• Pallet rack for slow-moving SKUs • Limited number of SK Us 

• ABC distribution should be predicted, • Large stock per SKU 
which requires tight control of ABC • Full pallets 
calculation 

Advantages Disadvantages 

• Better use of available space (m2
) • Additional effort needed to keep ABC up-

• Larger storage capacity to-date 

• Reduction of transport costs • Fast-movers will become slow-movers 

• FIFO principle • Limited flexibility of the system 

• Significant investment needed 

Figure 4.4 Overview of solution alternative 4 

4.1.5 Internal transport via conveyors/ AGVs 
Because of the size of the operation at LC Acht, a lot of internal transport is needed. This is 
currently done with a reach truck or an electronic pallet truck. As a result, the variable costs 
of the internal transport are high. Therefore, this fifth and last solution option aims at reducing 
these variable costs by fixing the transport flows with a conveyor system or Automatic 
Guided Vehicle (AGV) system. The variable transport costs will decrease in this way and 
substituted with fixed costs. Figure 4.5 gives an overview of the pro's and con ' s of this 
option. 

Concept Applicability: 

• Specific internal transport flows can be done • Internal transport flows that can be 
via conveyors identified by fixed start and stop locations. 

• Possible goods flows: • Quantity of pallets between the two points 
- Full pallets hall 9/10 to hall 4/5 should be significant 
- Pick pallets hall 7 to hall 10 
- Pallets hall 2 to hall 10 

Advantages Disadvantages 

• Less variable costs for internal transport • Less flexibility , because of fixed routes 

• Additional flexibility for the receiving and • Increase in fixed costs 
shipping operation • Additional handling, because the operator 

• Stronger control of the process has to put a pallet to the conveyor and take 
it again from the conveyor. 

Figure 4.5 Overview of solution alternative 5. 
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4.2 Costs-benefits estimation 
Five solution options have been presented now. The question now is what are the related costs 
to each option and what are the expected benefits or savings. Figure 4.6 gives an overview of 
this estimation for the 5 concepts. The first concept has been split in a manual (la) and an 
mechanized (pick-to-belt) solution (1 b ), because the related investments are very different for 
each of them. 

rJ'J ..... 
t;::: 

(1) 
~ 
(1) 

o:l 

Alternative la: 
" manually " 

Alte 
Flo-11 

Alternative 3: Al 
Pallet racks for Mc 
large boxes 

Low 

Costs 

Figure 4.6 Costs - benefits estimation 

Alternative 1 b: 
"pick-to-belt" 

ir-native 4: 
racks: small boxes 

Alternative 5: 
Internal transport 

~ernative 2: 
chanization large boxes 

High 

It is clear that the first concept has the largest potential savings. The main reason is that the 
box-pick process is responsible for a large percentage of the total costs. Many box-pick 
pallets have only 1 SKU, which means that the transport times to travel to, in and from the 
pick area weigh heavily in the total cost calculation. It does also mean that the costs for 
sorting will be limited. The costs for this option depend on the detailed design. A pick-to-belt 
system will result in significant costs, while this is not necessary for a manual system. The 
savings of a pick-to-belt system are expected to be slightly higher, because it can also handle 
diverse pallets with more than 10 SKUs. 

Option 2, mechanized large boxes picking, seems to be less interesting, due to the fact that 
additional handling is needed to put the boxed in the flow racks. And more important: the 
box-pick pallets with large boxes do not have many SKUs per pallet, which makes this 
operation very interesting for option 1. 

Option 3 and 4 deal with alternative storage systems. The storage system (option 4) for the 
small boxes (flow racks for fast movers) seems to be more interesting than the storage system 
(option 3) for large boxes. In chapter 3 it was shown that there is quite a lot inventory for the 
fast moving SK Us of small boxes, while the inventory of slow moving SK Us of large boxes 
was not that large. Therefore option 4 seems to be interesting as well to work out in detail. 

The last option dealt with the internal transport. In essence this could be a good option, 
though the plans Philips has for LC Acht do not result in a stable operation . During the last 1 
year, Philips has proposed OHL several times new goods flows for LC Acht. Only when the 
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internal operations and layout of the operation 1s rather stable, the options for internal 
transport will become interesting. 

4.3 Concept selection 
Based on the previous discussion, which was also held with the steering committee at DHL 
and the TU/e supervisors, two options remain: option 1 and option 4. Option 1 b was already 
being investigated by DHL. It did not make sense to redo that work once again. After a 
thorough discussion with the steering committee, it was decided that the manual option of 
option 1 (la) will be worked out in detail. The main reasons are that the investments related to 
option 4 are higher and that the storage capacity of small box SK Us is not a big issue at the 
moment. DHL had already been working on the "pick-to-belt" option of option 1, which 
costs-benefits analysis did not result in a positive decision. 
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Part C: Redesign 
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5 Article-oriented box-picking: analysis 
In this chapter, the current order-pick process and the new process, based on the concept of 
article-oriented box-picking, will be described. For these processes, a cost model is derived. 
The purpose of this chapter is to evaluate both processes for the small boxes and large boxes, 
which are now 2 separated picking operations. This will be done with the cost models that are 
derived. Furthermore, this chapter aims at giving more insights into order batching policies 
and product and order characteristics and their impact on the current and new process. The 
next chapter will focus on the detailed design for LC Acht, taking into account the results of 
this chapter. 

5.1 Cost model 
The cost model for both the current order-oriented box-picking process and the alternative 
article-oriented box-picking process will include only the variable costs of box-picking. In 
chapter one it was shown that the personnel costs and the equipment costs were seen as the 
variable costs. 

Those variable costs are related to the number of people that are needed to get all the orders 
done. The number of people is another representation of the total time that is needed to 
assemble orders, which is a summation of the time needed for the activities that the 
warehouse operators execute. Therefore, the results of the cost model will be the time needed 
to assemble a number of orders. 

The cost model will consist of parameters and variables. The parameters represent the time 
that is needed to perform one activity. The variables represent the number of times an activity 
is executed via a so-called cost-driver. Such a cost-driver can be a box that needs to be 
handled, or an order that is handed out. 

Historical data is used to create a reasonable scenario for the month October 2003 . This is a 
month in the high season, in which period the order volumes are larger. The cost model is 
designed for both order-picking areas in the warehouse, the box-pick small and the box-pick 
large operation. The time parameters are not equal for both areas, due to other assumptions 
and layout. The evaluation of the current and new process will be done for both the small 
boxes and large boxes based on the scenario. 

Order release 
1 

Yes 

Take empty 
pallet 2 

Add labels 
6 

Transport to 
1st location 3 

Transport to 
Nth location 5 

Take boxes 

Take boxes 

Transport to 
check point 7 

Figure 5 .1 Flow chart of current order picking process. 
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5.2 Current process: order-oriented box-picking 
The current order pick process is order-oriented, which means that a warehouse order is the 
basis for the activities in the warehouse. Figure 5.1 presents the flow chart of the current 
process and figure 5.2 gives an overview of its implementation, in the lay-out of LC Acht. 
The scope of the process is selected in such way that the order release to the warehouse 
operator is the starting point and the delivery of the assembled pallets to the check point is the 
ending point of the process. The replenishment from full pallet store to broken pallet store is 
included in the scope as well, though excluded from the flow chart (figure 5.1). Looking at 
figure 3.2, the scope in this chapter of the current process includes the activities 
"Replenishment", "Box Pick Large" and "Box Pick Small". These activities sum up to 43% of 
the total variable costs of LC Acht. 

In the flow chart of figure 5 .1, the process names are mentioned. In words, the process can be 
described as follows (related numbers from figures 5.1 and 5.2 (between brackets): a 
warehouse operator gets an order at a central location (1). He goes to the location where 
empty pallets are stored and takes the pallet that is needed (2). He travels to the first location 
where boxes are picked (3). At the location, the location will be confirmed and the boxes are 
picked (4). He gets a message whether or not he has all the SKUs. If he is not finished, the 
operator continues to the next location (5), where boxes are picked again (4). If he is done, he 
will add the labels (6) and the pallet is transported to the check point (7) where the pallet will 
be wrapped with stretch foil. A process that is done parallel in the pick front is the 
Replenishment process (0), which includes transport of full pallets from the full pallet store to 
the broken pallet store. 

Full Pallets Broken pallets / Pick front Full Pallets 

[I] [I]
3

~ • [I] ~o [I] 
5 

2 

Empty pallets 

Figure 5.2 Overview of lay-out and flows for current order picking process. 

This description of the process is a model of the way of working in the warehouse. For 
instance, box labels are added usually at the location where the boxes are being picked. But 
because not all the boxes do need labels, all the box labeling is included in the activity "add 
labels". Furthermore, the assumption has been made that the number of labels per customer 
pallet is equal for all pallets. 
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For each of the act1VJtles that are mentioned in figure 5.1 a time parameter has been 
determined. This time parameter represents an average time. This is needed because there is 
not one fixed box size or weight, which impacts the pick time. Similarly, there are locations in 
the pick front that can be easily accessed and locations for which a longer distance needs to be 
traveled. The probability distributions of the chance that a specific location needs to be visited 
or a type of box needs to be picked are not known. As a result, we have to work with average 
values. The strong disadvantage of average values in a model is that it can cause flaws from 
the real situation. However, it is the best that we can have. 

The time parameters for the current process have been estimated. Table 5.1 presents the time 
parameters for each activity, for box small and box large respectively. The column "Type" 
represents the main type of activity that is involved, where "T" is Transport, "E" = Extraction 
and "A"= Administration. 

T bl 5 1 T a e 1me parameters or current process 
Nr. Activity name Variables Type Time parameter Time parameter 

(seconds) (seconds) 
Box small Box large 

0. Replenishment Replenishment T / E 300 240 
I. Order release to operator Customer pallet A 54 
2. Operator takes empty pallet Customer pallet T / E 53 
3. Transport to 1st location Customer pallet T 30 
4. Take boxes Box E 8 
5. Transport to N°' location Stop in pick front T 45 
6. Add labels Customer pallet A 215 
7. Transport to check point Customer pallet T 85 

The total time function, which is the basis for the total cost equation, can be written down as 
the sum of the time parameter per activity multiplied with the frequency an activity is 
executed for a number of orders (a batch). If the time parameters of the activities with similar 
variables are summed, the total time function becomes for small boxes and large boxes 
respectively: 

Total time functionbox_sman = 300 x [# Replenishments] + 437 x [# Customer pallets] + 8 x [# 
Boxes]+ 45 x [Stops in pick front] 
Total time functionbox_large = 240 x [#Replenishments]+ 275 x [# Customer pallets]+ 40 x [# 
Boxes]+ 36 x [# Stops in pick front] 

The total time function has been evaluated based on the goods flow characteristics for the 
period from January 2004 until May 2004. The total time needed as calculated deviated 5% 
from the realized total time needed. This does not say anything about the individual time 
parameters that can still be biased. It can only be said that the model for the total time needed 
came close to the real total time needed. 

5.3 New process: article-oriented box-picking 
This section gives the basic model of the new box-picking process. The new process can be 
distinguished into two steps: (1) collecting articles to a central point and (2) distributing 
articles over customer pallets, the actual order assembly. The key in the process is that the 
articles needed are located at a central point, from where the other activities take place. The 
saving of this process compared to the current process is expected to result from lower 
frequency of transport to the 1st pick front in step 1 and shorter transportation distances in the 

35 

54 
63 
36 
40 
36 
66 
56 



- -•,.,•:• .== 
fOL t/ 170/Vf TU/e 

2
nd 

pick front with equal frequency in step 2. The 2nd pick front is more compact than the 1st 

pick front , because not all the products are located in it. A major assumption that is made here 
is that the basic assumptions in the cost model of the current process do not change. These 
assumptions consist of driving speed, handling time per box and time needed to add labels. 

Figure 5.3 gives an overview how the new process could fit into the current layout of LC 
Acht. This figure is meant to give the reader a better understanding of the activities that are 
part of step 1 and 2. The arrows that belong to step one are colored with blue, the arrows for 
step 2 are colored red. 

Full Pallets Broken pallets 0 

rn rn ~ rnJIJ ·rn ~ 

5 

Empty pallets 

la 
lb 

[I] [I] [D 

6-+1+611+s 

I Ch;;;;;;;~;~;;;~; J 9 

STEPl STEP2 
0. Replenishment 1 b. Order release step 2 

Full Pallets 

[I] 

2 

I a. Order release step I 6. Transport + stop in pick front 
2. Collect full pallets 7. Handle boxes 
3. Transport to location to pick boxes 8. Add labels 
4. Handle boxes at pick location 9. Transport to check point / wrap machine 
5. Transport empty pallets to assembly area 

Figure 5 .3. Overview of lay-out and flows for article-oriented order-picking process 

The starting point for the new process is the creation of batches, which is done by the 
clericals. In section 3.2, the process of transforming customer orders into warehouse orders 
was discussed. A batch consists of a number of warehouse orders that are grouped together. 
Batching rules from theory and the decisions that were made at LC Acht will be discussed in 
the next section. At this point it is enough to keep in mind that there are batches, that the 
batch size can influence the complexity of the process and that the output from the batch 
creation consists of a list of SKUs that are part of the batch and the needed quantities that 
have to be retrieved from the storage area to the 2nd pick front. These quantities include both 
full pallets and boxes. 

In step I, the warehouse operators receive an order (la) to either take full pallets (2) and I or 
to go to the location in the broken pallet storage area (3) and pick the boxes (4). These 
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quantities are transported to the 2nd pick front where order assembly will take place. The 
locations in the 2nd pick front are numbered so that each SKU can be assigned to one location. 
Meanwhile, another warehouse operator has taken empty customer pallets (5) in the right 
quantity and the right type from the empty pallet store and located near the 2nd pick front. At 
the same time, another warehouse operator executes replenishments (0), when the system 
orders him to do so. This is similar to the way of working in the current process. 

In step 2, a second order release takes place ( I b ), which consists of a list of warehouse orders. 
With this list, the warehouse operator can make his pick tour along the products that are 
stored at the locations in the 2nd pick front and pick the needed products. This way of working 
is similar to the current way of working, but the advantage is that the travel distances are 
smaller. The warehouse operator travels to the first location (6), picks his boxes (7) and 

Batching 

Replenishment 
0 

Order release 
Step 2 lb 

Take empty 
pallets 5 

Collect full 
pallets 

Transport to 

2 

pick area 3 

Transport+stop 
in pick front 6 

Put pallets at 
2nd pick front 

Take out boxes 
4 

Handle boxes 
7 

Figure 5.4: Process flow chart for article-oriented order picking 

Add labels 
8 

Create 2nd pick 
front 

Transport to 
check point 9 

continues to the next locations until he has collected all the SKUs that are needed for that 
order. After that, the labels are added (8) and the pallet is transported to the check point (9). 
Figure 5.4 presents the flow chart for this process. 

Table 5.2 gives again the time parameters and variables per activity name for the small boxes 
and the large boxes, but now for the new process. There are several differences between the 
time parameters of the current process and of the new process. For the new process, the order 
release needs only 40 seconds in total , while in the current process, this was 54 seconds. The 
difference is caused by the fact that for the order release of step I is done via the scanner and 
the order release in step 2 requests less transport and walking time. Another difference is the 
collection of empty pallets. In the new process this is done with less time, because an operator 
can transport 10 pallets at a time to the 2nd pick front, from where the transport distance to the 
SKU location is shorter. 

The time parameter for the transport within the pick front is set to be the result of a formula. 
With this formula, the transport distance is calculated, via which the transport time can be 
determined. It is assumed that all the products collected in step 1 are stored at the locations in 
the 2nd pick front. An order picker then takes a customer pallet, after he has received pallet 

37 



- •• ., • .., .. -== 
fOLt/770/Vf TU/e 

labels at the order release. It is assumed that the operator drives with the customer pallet along 
all the articles (note, "article" means in this case unique part number, i.e. SKU). Figure 5.5 
gives the 2nd pick front in more detail for the picking process (step 2) as it is modeled. 

T bl 5 2 T a e 1me parameters f, or new process. 
Nr. Activity name Variables Time parameter Time parameter 

(Seconds) (Seconds) 
Box small Box large 

0 Take replenishment Replenishment 300 240 
la Order release step 1 SKUs to collect 10 10 
2 Collect full pallets Full Pallet 200 160 
3 Transport to 2nd pick SKU to take boxes 80 80 

front 
4 Take out boxes Boxes for step 1 8 40 
5 Take empty pallets Customer pallet 35 35 

lb Order release step 2 Customer pallet 30 30 
6a Transport in 2nd pick Customer pallet See formula (I) See formula (1) 

6b 

7 
8 
9 

front 
Stops Stop m 2nd pick 15 

front 
Handle box Boxes 8 
Add labels Customer pallet 215 
Transport to check Customer pallet 55 

Empty 
Pallets 1 

j Check point and stretch wrapping I 
........................... ............................................................................................................. , 

Figure 5.5. 2nd pick front in more focus 

The transportation time per pallet in the 2nd pick front can thus be calculated via: 
Number of SKUs in batch x width of SKU location divided by the travel speed. 

15 

40 
66 
30 

The total transport time for a batch can be calculated via the number of customer pallets that 
have to be assembled within a batch. The number of SKUs varies per batch, thus the transport 
distance needs to be recalculated for each batch. The size per SKU pallet location is equal to 
1,5 meters and the travel speed is equal to 2 mis. It is assumed that all the pallets needed for 
one SKU can be stacked at one location. The transportation time per pallet becomes: 

0,75 x Number of SKUs in batch (1) 

It may be clear that the modeling in this way of the transport time in the 2nd pick front is a 
worst case situation. In practice, an operator will not walk along all the pick locations, if he 
has all the SKUs for his order. He will then go directly to the check point, thus decreasing the 
transport time in the 2nd pick front. 
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In practice, the operators will make sub batches if the number of SKUs is too large and the 
driving distances become too large. In a sense, we are making a flexible 2nd pick front then for 
each batch. The issues related to batching are discussed in the next section. 

The total time function for the new process becomes: 
New total time functionbo,_small = 300 x [#Replenishments]+ 10 x [# SKUs to collect]+ 200 x 
[# Full Pallets]+ 80 x [# SKUs for which boxes are needed]+ 8 x [# boxes for step 1] + 335 x 
[# Customer pallets]+ 8 x [# Boxes for step 2] + 15 x [Stops in 2nd pick front]+ 0,75 x [# 
SKUs in batch] x [# customer pallets] 

Where the time parameter 335 for the customer pallets is obtained by summing: 35, 30, 215 
and 55. The new total time function for the large boxes goes in a similar way as the one 
presented before, only with different time parameters. 

This cost model for the new process will be used in section 5.5 to evaluate its performance 
compared to the current process, which was modeled in section 5.2. 

5.4 Batching policies 
One of the key success factors for the article-oriented box-picking concept is an effective 
batching policy. The composition and size of the batches will determine to a large extent the 
saving that can be achieved with the new process. Two types of batching policies will be 
considered: 1) time-window batching; 2) Proximity batching. These policies are discussed in 
Gademann et al. (2001 ). Other scientific articles that deal with order batching include Gibson 
and Sharp (1992) and De Koster et al. (1999). In the latter, the same two batching policies as 
mentioned before are discussed for a sort-while-pick process. They mention the article
oriented box-picking concept, but do not work out or evaluate the batching policies for that 
process. 

The main idea of time-window batching is that one takes all the orders that have to be shipped 
within a specific time-frame and adds those to one batch. This batch then consists of all the 
products that are needed in that batch and all the warehouse orders where those products have 
to be distributed to. Concerning this policy, it can be said that if the time frame is longer, the 
quantities per SKU will be larger as w~II. But the number of SKUs and the number of 
customer pallets will most likely become larger as well, which will increase the complexity of 
step 2 of the new process . 

In the proximity batching policy one order is selected and additional orders are added 
according to a specific rule. Such a rule can be that only SK Us in the first order can be part of 
the additional orders. In a warehouse with a pick front with aisles it can be that only SKUs 
located in the aisles of the SKUs on the first order can be part of the additional orders. 
Essentially it comes down to forming groups of orders that have the most products in 
common. 

Looking back at the function for the total transport time, it is clear that if one is able to make 
batches via the proximity batching policy in such way that the number of SK Us is limited, the 
total transport time will be reduced significantly as well. Consider for instance the case that a 
large batch of 80 SKUs and 40 customer pallets can be divided in four sub batches of 20 
SKUs of 10 pallets each. In the case of the large batch, the total travel time will be 0,75 x 80 x 
40 = 2400 seconds. In the case of the four sub batches, the total travel time per sub batch will 
be 0, 75 x 20 x 10 = 150 and for the four sub batches in total it will be 4 x 150 = 600. Note that 
this is a strongly idealized situation, because in practice some SKUs might be requested in 
more than 1 sub batch. 

For the warehouse at LC Acht, both policies seem to be feasible. However, for this master's 
thesis project, it is impossible to work out the proximity batching policy in detail. The reason 
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is that the data analysis, which should give the volumes per activity in the current and new 
process, is based on historical transactional data for which only ready-times per order are 
known. It is not known at all at what time in the past the orders have entered the system. This 
information is needed to apply the proximity batching policy. Therefore, it is chosen to first 
apply the time-window policy for a 2-hour period on the warehouse orders and then apply the 
proximity batching policy. The time-window policy can be simulated in the data analysis via 
the ready-times per warehouse order. Appendix 12 presents the way the batches have been 
simulated using a MS Access database. Note that an order is a "warehouse order" in LC Acht. 
The procedure via which customer orders are translated in warehouse orders has been 
discussed in chapter 3. 

The batching approach in the remaining of this chapter will be to simulate quantities based on 
a 8 batch per day strategy, which is equal to 7 batches of 2 hours and 1 batch of 3 hours at LC 
Acht. In this chapter, the proximity batching policy will not be used. However, depending on 
the outcomes of the evaluation of the current and new process with this batch, adjustments 
may be necessary. These adjustments will be discussed then in the next chapter. The 2-hour 
time-window for the batch has been determined with the steering committee. On the one 
hand, this time-window represents a maximum, because orders might not be known at OHL 
for a longer time in the future. On the other hand, to keep the number of scenario's reasonable 
that had to be ran with the MS Access database. 

5.5 Calculation for all SKUs at LC Acht 
With the cost models for the current and the new process and a determined batching policy, 
both processes can now be evaluated. The basic inputs for evaluation have been determined in 
section 5.2 and section 5.3. The number of replenishments, the number of customer pallets, 
the number of boxes that have to be collected are examples of these inputs, which are 
summarized in table 5.3 and 5.4 for the current and new process respectively. 

The basis for evaluation is an average batch size for the month October 2003 for both the 
small boxes and large boxes. The outcome of the evaluation will be the time that is needed to 
complete the batch if the current process is used and if the new process is used. The average 
batch data are included in table 5.3 and 5.4. With the outcome, the total time for all the 
average batches in October 2003 can be determined and the relative saving or loss of the new 
process when compared with the current process. 

a e T bl 5 3 Q uanhhes f, or sma II b oxes an d 1 arge b oxes per averai e b t h a C , curren process 
Variable Small boxes Large boxes 
Replenishments 48 25 
Customer pallets 95 50 
Boxes 2446 198 
Stops in pick front 299 72 

T bl 5 4 Q a e f, uant1hes or sma II b oxes an d 1 b arge oxes per average b t h ac , new process 
Variable Small boxes Large boxes 
Replenishments Step 1 28 9 
Full pallets Step 1 20 16 
Boxes Step 1 1571 80 
SKUs Step 1 135 25 
Customer pallets Step 2 95 50 
SKUs Step 2 155 30 
Boxes Step 2 2446 198 
Stops Step 2 299 72 
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The quantities from table 5.3 and table 5.4 have been used to calculate the total time needed 
for the average batch. The first step of the calculation is to determine the time needed for the 
average batch. This calculation is shown for the small boxes in table 5.5 for the new process. 

T bl 5 5 E a e xamp e o f 1 lt' fi ca cu a 10n or sma 11 b oxes, new process 
Variable Time parameter Quantity Time needed (s) 
Replenishments 300 28 8400 
Full pallets 200 20 4000 
Boxes step 1 8 1571 12568 
SKUs total 10 155 1550 
SKUs boxes step 1 80 135 10800 
Customer pallets 335 95 31825 
Customer pallets 0,75 X 95 19568 

155=116,25 
Boxes step 2 8 2446 4485 
Stops 15 299 11044 
Total time needed (s) 104240 
Total time needed (hr) 29,0 

The result of the first step is the number of seconds needed to finish the average batch. The 
second step is to translate this number into hours. Table 5.5 shows that the number of hours 
needed is 29,0 . For small boxes, there are 180 batches in the sample month, which means that 
the total time needed for a month is 5212 hours. 

The results for the other time functions are shown in table 5.6, represented as the total number 
of hours to complete the average batch. The calculations go in a similar way as presented in 
table 5.5. For the small boxes, there were 180 batches during the month October, for the large 
boxes, there were 150 batches. This difference is caused by the fact that the number of 
countries where Televisions, which make up the large boxes, are shipped to is much smaller 
than the number of countries where small boxes (most other products) are shipped to. The 
total number of hours per month has been determined by multiplying the number of batches 
per month with the total time per average batch. This number is included in Table 5.6 with 
font Italic and between brackets in each cell. 

T bl 5 6 H a e ours nee e or t d d fi h e current an d h t e new process, sma II d I an arge b oxes. 
Small boxes Large boxes 

Current process 23,7 hours 7,9 hours 
(4271 hours) (1188 hours) 

New process 29,0 hours 7,9 hours 
(5212 hours) (1183 hours) 

Table 5.6 shows that for the small boxes, the new process does not lead to a reduction of the 
number of hours needed. Instead, the number of hours needed increases with 22% in this case. 
For the large boxes, the number of hours does decrease, but it is marginally. What should be 
kept in mind is that the picking activity in step 2 of the new process is a kind of worst case 
situation, which can be improved, for instance through using a type of proximity batching 
policies. These policies will be evaluated in chapter 6. These options also include the 
possibility of not picking exact quantities but only retrieve the full pallet quantities for a 
batch. 

5.6 Other designs 
Other designs for the process have been considered as well. Three options will be discussed 
here. The first option that was discussed is to retrieve the total pick pallet instead of picking 
boxes from the broken pallet store. Various employees did not feel comfortable with this 
option, because transport with a broken pallet would cause problems for SKUs with a large 
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full pallet template. The pallet would become instable and would need additional packaging. 
Because these pallets would be retrieved quite often (it is unlikely that a full pallet quantity is 
requested within a batch), this option was abandoned. 

Secondly, it was considered to round up the quantities needed, so that only full pallet 
quantities needed to be collected and remaining boxes could be transported to the broken 
pallet store. The disadvantage of this option was that the broken pallet store would not be 
used anymore and boxes would pile up. The option to build new full pallets from the left-over 
boxes was not considered feasible. 

Thirdly, it was questioned whether step 2 should be a picking process (products at fixed 
locations) or a sorting process (customer pallets at fixed locations). An analysis of the 
transport time did not reveal large differences between the options. Moreover, the current 
process is a picking process so that only little adjustments are needed if step 2 of the new 
process is based on picking as well. 

5.7 Insights into the behavior of the cost model 
This section will present try to explain why the new process is more interesting for the large 
boxes than for the small boxes and what product and order characteristics influence the 
dynamics. This knowledge can be used to improve the detailed design for LC Acht, which is 
presented in the next chapter. 

The product and order characteristics that will be discussed (partially based on the work of 
Janssen (1996)) are: 

• Box size and full pallet template 
• Number of SK Us per customer pallet (i.e. per warehouse order) 
• Number of customer pallets one particular item has to be assembled to 

Firstly, the box size which impacts the full pallet template will be discussed . If the box size is 
large, the full pallet template will be low. This increases the chance that full pallets can be 
collected in step one of the new process. Consider the case that two articles, A and B, are 
requested in a quantity of 60 boxes in a particular batch. Article A has a full pallet template of 
15 , article B has a full pallet template of 150. If these articles are collected for step 1 of the 
new process, then for article A, 4 full pallets have to be collected, while for article B 60 
separate boxes have to be collected. Retrieving full pallets is more beneficiary than retrieving 
loose boxes, as can be seen from the cost model and the time parameters. The conclusion is 
that a low full pallet template increases the chance that full pallets can be retrieved. 

Secondly, we will elaborate on the impact of the number of SKUs per customer pallet on the 
new process. This characteristic only impacts step 2 of the new process, because it does not 
have anything to do with the number of full pallets or boxes that are collected. In step 2, it has 
a strong impact on the number of stops that need to be made in the 2nd pick front and thus the 
total travel time in the 2nd pick front. In the model of section 5.3 it was assumed that a 
customer pallet will always be transported along all the locations. In practice this will not be 
the case. If the number of SKUs per customer pallet is low, the operator does not have to 
travel all the way, he can go sooner to the check point. Alternatively said, customer pallets 
that only require 1 SKU do not need all the transport, especially in the case of more of this 
type of pallets within a batch. In that case, the operator can locate a number of customer 
pallets next to the SKU location and assemble the pallets. These advantages are only possible 
for product groups with small number of SK Us per customer pallet. 

Alternatively, we can say that all the " fixed time" that is needed in the current process, such 
as order release, taking empty pallet, transport to 1st location and transport from last location 
have a stronger negative impact on pallets with a low number of SKUs per customer pallet. 
Therefore, these customer pallets can better be assembled in the new process. 
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Thirdly and lastly, the number of customer pallets that one particular item has to be assembled 
to gives an indication of the complexity of the process and the possibility of waiting times at 
SKU locations. SKUs that have to be assembled on nearly all customer pallets will have more 
waiting time or need a larger location. It is also smart thinking to locate these products close 
to the start of the picking route, because then, when the customer pallet is finished, it can be 
transported directly to the check point. The assumption from section 5.3 must be loosened in 
that case. This characteristic also gives an idea of the order structure. For instance, if there are 
three products that are needed in every order and twenty products that are only needed in one 
order each, then it is smart to first assembly these three orders to customer pallets, put the 
pallets to locations and then assemble the other products to the pallets. 

Table 5.7 gives an overview of the characteristics "full pallet template" and "number of SKUs 
per customer pallet" for the various product groups within LC Acht. Note that Television is 
the large boxes, while the other three product groups make up the small boxes. The numbers 
are average values for 2003. 

Table 5 7 Charactensttcs per product group at LC Acht 
Television AudioNideo Monitors Accessories 

Full pallet template 20 100 150 1500 
#SKUs / Customer pallet 1,5 2,4 1,6 4,0 
#Products 190 230 150 630 

These results indicate that if the AudioNideo and monitor operation were separated, the new 
process might result in cost savings. The product group Accessories is most probably 
responsible for a lot of the disadvantages when applying the new process, because the full 
pallet template is very high and the number of SKUs per customer pallet is relatively high as 
well. This results in a lot of box collection in step 1 and a complex assembly process in step 2. 

5.8 Conclusions 
In this chapter, the current process and new process have been described and a cost model 
based on the time needed to assemble a batch of orders was introduced. From the evaluation 
based on data analysis, it can be concluded that for large boxes the new process can 
potentially lead to cost reductions. No cost reductions can be achieved for small boxes. 

These results hold for the assumptions on the batching policy that have been made, which is a 
time-window batching policy. It can be that a policy based on groups of SKUs will lead to 
cost reduction for small batches. This option will be discussed in the next chapter. 

Another major assumption that has been made is with the time parameters for the cost model. 
All the time parameters have analytically been designed and are supported by time 
measurements of the operational process, which is in theory standardized. However, in 
practice, the operators have some degrees of freedom to do things in the way they think is 
best, which is not necessarily the way the cost model is made. This must not be forgotten 
when interpreting the results! 

When it comes to the application of the new process in Acht, it must be noted that for the 
product groups monitors and audio/video the new process seems attractive. This was 
concluded from the product characteristic "full pallet template" and order characteristic 
"number of SK Us per customer pallet". However, in the current process these product groups 
are integrated into the small boxes operation, for which the new process as total does not lead 
to cost reductions. OHL could consider to split off those products groups as well, just as what 
is the case now for product group Television. 
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6 Article-oriented box-picking: detailed design 
This chapter will continue with the detailed design of an article-oriented box-picking process. 
The results from the previous chapter will be used and extended in several options that should 
lead to a conclusion on whether or not a new process should be implemented. Section 6.1 will 
present three options and their cost models, based on different batch sizes of the article 
oriented picking process that was given in chapter 5. Section 6.2 will discuss the control 
issues for each one of the options and discusses the qualitative benefits and risks of each 
option. The quantitative evaluation of the options will be done based on the results from data 
analysis that is presented in section 6.3. The conclusions are drawn up in section 6.4. 

As was said earlier, the goal of this chapter is to propose options that can be implemented and 
to select the best option for the operation of LC Acht. Both the flows of small boxes and large 
boxes are considered for the options. 

6.1 SKU based batching options 
In the previous chapter, the batching was done based on a time-window batching policy, 
where the batch size was set to 2 hours. That time-window will remain the same, but now, we 
look at three options to benefit from the products that result in cost savings for the new 
process, while not having the negative impact of the products that are not suitable, i.e. the 
product group Accessories. 

For all three options, we consider a combination of the current and the new process. A part of 
the orders or SKUs in a batch is done via the current process, another part is done via the new 
process. The aim is to reduce the number of boxes that have to be handled in step 1. 

Option 1 only looks at the warehouse orders that contain 1 SKU within the 2-hour time frame. 
As was said in chapter 3, 60% of all customer pallets is part of this group. As was said in the 
previous chapter, the fixed time per customer pallet for this group of pallets weighs heavily 
compared to the total time that is needed for the pallet. Option 2 and 3 look at all warehouse 
orders. 

When it comes to batching, all warehouse orders with 1 SKU for the coming 2 hours are added 
to a temporary batch. The quantity per SKU that have to be retrieved for this batch is then 
determined. All the SKUs for which more than 1 full pallet can be retrieved, will be added to 
the final batch. The other warehouse orders are not included in any batch. The batch is then 
divided in sub batches that contain 1 SKU each. Because the customer pallets do only contain 
1 SKU, this is a good approach. There will be no transport in the 2nd pick front, because there 
are no multi-SKU pallets that have to be assembled. 

The way of batching for the second and third option is similar: one takes all the customer 
pallets (warehouse orders) for the next two hours and determines the quantities that have to be 
retrieved per SKU. All the SKUs for which more than 1 full pallet is needed are listed and all 
the customer pallets that need one of these SK Us is added to the batch. It can well be that for 
some customer pallets need SKUs that are in the batch and SKUs that are not included in the 
batch. These pallets go first to the 2nd pick front and then to the 1st 

( current) pick front. 

The difference between the second and third option is the quantity of products that is 
collected and transported to the 2nd pick front. For the second option, only the full pallet 
quantities are retrieved. For the third option, the exact quantities, full pallets and boxes, are 
retrieved. The advantages and disadvantages for each approach will be discussed later. Table 
6.1 presents the three options and their characteristics. For completeness, the new process as it 
has been proposed in chapter 5 has been added as option 4. In this case, all the orders are 
included, for which exact quantities are retrieved for all SKUs. The questions in the column 
headings refer to the different batching options that have been considered. 
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The sub batches that were made in the first option with the 1 SKU pallets can be made for 
option 2 and 3 as well , because the SKUs that are included in the first option will be included 
in those other two options, too. Therefore, these sub batches are considered to be made for 
each of the options. 

T bl 6 1 F a e our d . es1gn op 10ns an d th . h etr C aractenshcs 
Which warehouse orders Which SKUs should Which quantities should 
should be done with this be retrieved? be retrieved? 
option? 

Option 1 Only 1 SKU warehouse SKUs with >l Full Just the full pallet 
orders Pallet quantity quantity 

retrieved within batch 
Option 2 All warehouse orders SK Us with> 1 Full Just the full pallet 

Pallet quantity quantity 
retrieved within batch 

Option 3 All warehouse orders SK Us with> 1 Full Exact quantity: full 
Pallet quantity pallets and boxes 
retrieved within batch 

Option 4 All warehouse orders All SKUs Exact quantity: full 
pallets and boxes 

As can be seen from table 6.1, for option 1, 2 and 3 not all the SKUs and/or not all the boxes 
are collected. These options are therefore "partial article-oriented box-picking" options. Some 
customer pallets cannot be assembled, because not all the articles are located at the central 
location. It can be that either the SKU is not there (option 2 and 3) or that the right quantities 
are not there (option 1 and 2). Therefore, these options include a flow from the 2nd pick front 
to the broken pallet storage / 1st pick front. 

Order release + 
scan label 

f ........................................ ·1· S ~-{;. ~:·;;;~~- .... ~ 
Scan + handle 
boxes 

: ................................................................. . 

Assemble pallets 
in znd pick front 

>ISKlJ pallets 

Finished 
pallet? 

No 

Yes; 

Take boxes from 
I st pick front 

: ................................................................. . 

Add labels 

f .................................. .. ................ ........ .... ] 
~--------- Current pick 1---------------~ 

process Other 1>allets ; 

Figure 6.1: Process flow chart of step 2 "assembly" for alternative 1, 2 and 3. 

Transport to 
check 

This flow has been included in the cost model of the three options. The cost model is based on 
the analysis from chapter 5. The layout graph is similar to figure 5.3. Step 1 of the process is 
similar to the process flow chart of the new process in chapter 5, figure 5.4. Note that not all 
the activities of step 1 take place for each option. For instance, for option l and 2 no boxes are 
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Because of the reason described before, the process for step 2 has changed in the sense that 
picking in the 1st pick front is a possibility. The adjusted process flow chart is shown in figure 
6.1. The distinction between 1 SKU and > 1 SKU pallets is made because of the fact that sub 
batches can be made very easily for the group of customer pallets with only 1 SKU. 

The time parameters for each option are included in table 6.2 and table 6.3 for small boxes 
and large boxes, respectively. The time parameters have been designed again based on the 
same assumptions as the time parameters for the current process. The activity "Transport in 
2nd pick front" does not exist for 1 SKU pallets that are included in the batch, therefore the "-" 
character is included. 

T bl 6 2 T a e 1me parameters per activity, option 
' 

an I 2 d 3 , sma II b oxes. 
Activity name Option 1 Option 2 Option 3 Variable 
Take replenishment 300 300 300 Replenishment 
Take full pallets 200 200 200 Full pallet 
Transport to 2nd pick 80 80 80 SKU to take 
front boxes 
Take out boxes 8 8 8 Boxes for step 1 
Order release step 1 10 10 10 SKUs total 

Take empty pallets 35 35 35 Customer pallet 
Order release step 2 30 30 30 Customer pallet 
Transport in 2nd pick - See formula ( 1) See formula (I) Customer pallet 
front 
Stop 15 15 15 Stop in 2nd pick 

front 
Handle box 8 8 8 Boxes for step 2 
Add labels 215 215 215 Customer pallet 
Transport to check 55 55 55 Customer pallet 

Table 6.3 Time parameters per activity, option I, 2 and 3, large boxes. 
Activitv name Option 1 Option 2 Option 3 Variable 
Take replenishment 240 240 240 Replenishment 
Take full pallets 160 160 160 Full pallet 
Transport to 2nd pick 80 80 80 SKU to take 
front boxes 
Take out boxes 40 40 40 Boxes for step 1 
Order release step I 10 10 10 SKUs total 

Take empty pallets 35 35 35 Customer pallet 
Order release 30 30 30 Customer pallet 
Transport in 2nd pick - See formula (I) See formula (1) Customer pallet 
front 
Stop 15 15 15 Stop in 2nd pick 

front 
Scan + handle box 40 40 40 Boxes for step 2 
Add labels 66 66 66 Customer pallet 
Transport to check 30 30 30 Customer pallet 

The cost models for the current process and the new process from chapter 5 ( option 4 in table 
6.1) remain the same. Because for the same period, average batches are being developed for 
option I, 2 and 3, the results in this chapter can be compared with the results of chapter 5. 
The cost model for option 1, 2 and 3 is similarly structured to the cost models that have been 
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pres~nted in chapter 5. One additional piece of information that is needed for the three options 
IS thr volume of the three flows: (1) pallets that only have to go to the 2nd pick front, (2) 
palle~ts that have to go to both the 2

nd 
pick front and the 1st (current) pick front and (3) pallets 

that nly have to go through the 1st pick front. If a pallet is first dealt with in the 2nd pick front 
and hen needs additional SKUs from the 1st pick front, the costs for the activities in the 1st 

pick front are calculated with the cost model of the current process. The information on how 
manr pallets and SK Us must be taken from the 1st pick front will be given in section 6.3. 
Before the quantitative evaluation is done, first a discussion of the control issues of each 
opti n and its benefits and risks are discussed. 

6.2 Qualitative evaluation 
All our options need system support to minimize the possibility of mistakes in the box
picki g process. All options need system support as well to know which warehouse orders 
shou1d be added to one batch and to determine the quantities that should be retrieved per 
SKU. 

The basic functionality of transforming customer orders to warehouse orders, as has been 
desc~ibed in chapter 3, will not change. Therefore, the process of transforming a customer 
orde~ to warehouse orders remains the same. The starting point of the new functionality is 
thus f ~he warehouse orders that are created. The process that is then executed contains the 
folio ing steps, given the fact that 8 batches of 2 hours are made: 
1. I the first step, all the warehouse orders that should be shipped within the batch period of 

tr o hours are added to that batch. The selected process option decides which warehouse 
~rders are included in the batching. For option 1, only the warehouse orders (=pallets) 

2. or each batch, the quantities per SKU are summed over all warehouse orders. The result j
ith 1 SKU are included, while for option 2, 3 and 4 all warehouse orders are included. 

the number of full pallets and boxes that has to be collected per SKU and transported to 
central location. The number and type of empty pallets will be determined after this step 

as well. 
3. i he warehouse orders must then be scheduled in such way that waiting times during the 

order assembly of step 2 are minimized. Therefore, the pallets with only 1 SKU are 
scheduled first (creation of the sub batches), after which the other orders are scheduled. 
~or option 2 and 3, the scheduling is more complex than for option 1 and 4, because three 
flows that were discussed in the previous section, are possible. 

4 . i he warehouse management system should assign the SKUs for the 2nd pick front to 
!@cations in that pick front. These locations are needed (1) to put the articles that are 
cbllected in step 1 at a fixed place and (2) to tell the warehouse operator where he can 
find the article that he needs in step 2 to assemble the customer pallets. 

The extent of change is smallest for option 1 and largest for the new process that was 
introduced in chapter 5. The main reason is that option 1 is very close to the current process. 
With ·n the current processes, there is already a goods flow that includes only lSKU pallets 
for w ich full pallets are taken. The full pallets are then re-stacked to the requested quantity 
per p llet. The two main differences with option 1 is firstly that the batch period is the 
depa ure and secondly that in the present situation the process is not supported by the 
ware ouse management system. 

The riew process of chapter five represents the most radical change (process wise), because 
for eJch batch a 2nd pick front is made. The 1st pick front is not used for assembling orders, 
but o~ly for collecting the boxes in step 1. Option 2 and 3 leave the current process in place 
for a I part of the orders, although the new process includes a large part of the orders and 
quantf ties. As a result, the need for control for option 2 and 3 is significantly larger than for 
optioljl 1. Discussions with the OHL IT department have revealed that they do not consider 
control policies as infeasible. Though, IT investments might be needed. 
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The penefits and risks are briefly summarized in table 6.4. Those benefits and risks are more 
related to the control aspect of each option, but should be considered seriously by DHL before 
deci4ing to go forward with an option. Option 1 is rather easy to control, while option 2 and 3 
requ~re algorithms for the sorting of products to customer pallets. A risk at option 3 is that 
ther9 are two picking activities for boxes in the broken pallet store. One is for the step 1 of the 
new process, collecting articles and the other is for the warehouse orders that only go through 
the c rrent process. 

a y ene its an T bl 6 4 B fi d . k ns s per option 
Benefits Risks 

Option 1 • Sorting step is not complex, because • Not a real change => potentially larger 
all pallets contain just 1 SKU. benefits of other options can not be 

• Process changes are only very small gained. 
compared to current process. 

Option 2 • No loose boxes have to be picked . • Two flows for warehouse orders. 

• Larger batching potential than option • Operational control becomes more 

I 
1. important and complex (scheduling 

algorithm). 
I 

Option t3 • Good quality control for SKUs that are • Two flows for warehouse orders. 

I 
included in the 2nd pick front. • Two pick activities in broken pallet store 
Operational less complex than option • Operational control becomes more 

I 

2. important and complex. 

New ~rocess • Simpler and better quality control. • How does the average batch compare to 
chapter 5 • One process for all warehouse orders . the maximum batch? 

I 
• Full new process: serious start up losses. 

6.3 I Quantitative evaluation of options 
In linp with the evaluation of chapter five, the results from data analysis is presented first in 
table k,.5 and 6.6. These results are used to calculate with the cost model and the information 
of table 6.2 and 6.3 the total hours needed for the average batch in October 2003. Table 6.5 
presj ts the results for the small boxes operation, table 6.6 presents the results for the large 
boxe operation. 

T bl 6 In fi d f . 2 3 11 b a .5 tPut or cost mo e s o option 
' ' 

, sma oxes. 
Varh hie Option 1 Option 2 Option 3 
Reple tnishments Step 1 36 28 28 
Full r ,allets Step 1 12 20 20 
Boxe I Step 1 157 - -
SKUi Step 1 - - 9 
Customer pallets Step 2 22 49 49 
SKUs Step 2 4 10 10 
Boxe& Step 2 553 975 1032 
Stops Step 2 22 53 61 
%Pal ets finished Step 2 23% 26% 32% 
% Pallets not-finished Step 2 - 24% 18% 
%Pal ets not in process Step 2 77% 50% 50% 
Custo mer pallets Current 73 70 65 
Boxei regular pickfront Current 1893 1471 1414 
Stops 
pickfrbnt 

m regular Current 277 246 238 
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T bl 6 6 In f, a e 1put or cost mo e s o option d 1 f 
' ' 

, arge 1 2 3 1 b oxes. 
Variable Option 1 Option 2 Option 3 
Replenishments Step 1 15 9 9 
Full pallets Step 1 10 16 16 
Boxes Step 1 - - 15 
SKUs Step 1 - - 6 
Customer pallets Step 2 22 38 38 
SKUs Step 2 4 7 7 
Boxes Step 2 82 117 132 
Stops Step 2 22 52 55 
% Pallets finished Step 2 46% 51% 57% 
% Pallets not-finished Step 2 - 26% 20% 
% Pallets not in process Step 2 54% 23% 23% 
Customer pallets Current 27 24 22 
Boxes regular pickfront Current 116 81 66 
Stops m regular Current 50 20 17 
pickfront 

The percentages in table 6.5 and table 6.6 represent the percentage volume of the three flows 
in option 2 and 3. In option 1, there are only two flows: the flow of 1 SKU customer pallets to 
the 2nd pick front and the other customer pallets to the 1st pick front. With these percentages, 
the volumes on the number of customer pallets in each flow can be determined and thus the 
total time can be calculated. 

The number of full pallets that is retrieved for option 2 and 3 is equal to the number of full 
pallets that is retrieved for the new process of chapter 5. The reason is that the batches are 
equally large . Therefore, option 2 and 3 benefit from that saving, without having the costs of 
picking all the boxes. Especially in the small boxes operation this should be an advantage. 

Table 6.7 presents the results for the total number of hours needed for the average batch that 
was presented in table 6.5 and table 6.6. Table 6.7 presents the percentage change for each 
option compared to the current process, where green number indicates decreased costs and red 
number indicates increased costs. 

Table 6. 7 Hours needed for the current and new process and the options, small and large 
boxes. 

Small boxes Laree boxes 
Current process 23,7 hours 7,9 hours 

(4271 hours) (1188 hours) 

New process 29,0 hours 7,9 hours 
(5212 hours) (1183 hours) 

+22% -0·% 
Option 1 22,8 hours 7,2 hours 

(4112 hours) (1080 hours) 
-4%, -9 1¼, 

Option 2 22,0 hours 6,6 hours 
(3956 hours) (985 hours) 

-7% -17% 
Option 3 22,5 hours 6,8 hours 

(4043 hours) (1027 hours) 
-5 1½, -14 °/41 
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lnterestingly enough, all three options show an improvement compared to both the current 
situation and the new process that was proposed in chapter 5. Apparently, the batching 
method has resulted in better balance between the transport distance in the I st pick front and 
the number of boxes that has to be picked in step I of an article-oriented box-picking concept. 

The relative savings for the small boxes operation is smaller than the saving for the large 
boxes operation. Looking at absolute numbers, the picture is the other way around. The 
maximum saving for the small boxes is 315 hours per month for option 2. The saving for the 
large boxes is a maximum 203 hours per month, for option 2 as well. Note that in chapter 
three it was shown that the costs for the box pick small process were four times higher than 
the costs for box pick large. 

6.4 Conclusions 
This chapter dealt with the detailed design of a box-picking process that was based on the 
article-oriented box-picking concept and the results from chapter 5. The three options that 
were proposed in this chapter all result in cost reductions, given the cost model and the time 
parameters . Both for the small boxes operation and the large boxes operation option 2 
(batches of all pallets with SKUs that are requested in quantities of one full pallet or more) 
results in the largest time saving. Looking at qualitative aspects and the extent of change, 
OHL can also choose for option I (batches with I SKU pallets), because the changes that are 
needed are much smaller. Actually the process of option I is already taking place, but is not 
supported by the system. Further research into the changes needed in the system for each 
option and the investments that come with it is recommended. 
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7 Conclusions and Recommendations 
The conclusions and recommendations of this thesis project are summed up bullet-wise in this 
chapter. The conclusions are divided into three parts: general conclusions, concept related 
conclusions and detailed design related conclusions. The recommendations are grouped into 
project related recommendations and general recommendations. 

7.1 Conclusions 
7.1.1 General conclusions 

¢ The processes at LC Acht are designed in such a way that they can handle the large 
variety of products that flow through it. In a sense, OHL uses a "one-size-fits-all" 
approach within LC Acht. But there are more "sizes", which can clearly be seen in for 
example figure 3.8, which shows the costs per pallet category. 

¢ Because each process has to deal with a large variety of products, measurement of the 
performance and costs of the operational processes is difficult. The production norms 
and ABC tariffs are based on averages, but because the variance is large, the average 
typically does not make much sense. As a result of the poor measurements, it is 
difficult to find improvement opportunities that result in strong improvements. 

¢ The large variety of products leads to the fact that there is always one product group 
which impacts a new concept or process negatively, because of its characteristics. In 
the case of article-oriented box-picking, this is true for the small products that have a 
large full pallet template. 

¢ The costs have increased over the past few years. The reasons include stronger labor 
costs increases than productivity improvements, a larger staff (both for operational 
control and to do improvement projects) and different composition of the goods flows 
(more box-picking and unloading boxes). 

¢ The current contract between Philips and OHL does not stimulate process 
improvements. At this moment, both parties agree upon a yearly amount of savings. 
The result is that the people of the operation do focus mostly at "getting-the-work
done" and less at "how-can-we-do-it-better". 

7.1.2 Concept related conclusions 
¢ LC Acht has two very distinct functions within the Philips' Supply Chain: National 

Distribution Center and European Distribution Center. Therefore, LC Acht should 
both carry a large inventory (hedge against demand and lead-time uncertainties) and 
have superior performance on assembling customer orders. This does not have to be a 
negative situation, but in the case of LC Acht, the large inventory results in long 
transportation distances that impact the box-picking productivities negatively. 

¢ OHL and Philips have discussed the option of rerouting full pallet goods flows to 
customers directly from the factory to the customer, by-passing LC Acht. If this 
option is not feasible, flow racks are a good alternative. It will improve the storage 
density and with a good design, the transport distances can become shorter as well. 

¢ If the goods flows in and out of LC Acht and the internal processes become less 
fluctuating, i.e. when Philips has restructured its Supply Chain, OHL can consider 
replacing reach trucks by a conveyor or AGV system. At this moment that is just not 
a feasible concept. 

7.1.3 Detailed design related conclusions 
¢ 55% of the customer pallets contain only one SKU. For Television this is about 70% 

of the pallets. The average number of SKUs for Television, Monitors, AudioNideo 
and Accessories is 1.5, 1.6, 2.5 and 4.0 respectively. The number of boxes per full 
pallet increases in the order the groups are mentioned. 

¢ Article-oriented box-picking as proposed in chapter 5 for all small box products in 
LC Acht is not preferable and will not lead to cost reductions, because the number of 
products and customer pallets is too large, which will result in large complexity and 
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higher costs. Calculations with the cost model resulted in 22% higher costs. The main 
reason is that the number of boxes that has to be handled twice is too large. 

c:> For the large box products, the proposed new process does lead zero-win saving. 
However, the three options that have more limited batches do result in savings. The 
two options that should be considered for implementation include: 
1. Article-oriented box-picking for pallets with just 1 SKU. (Option 1) 
2. Article-oriented box-picking for all pallets, but just collect the articles that 

combine to more than 1 full pallet within a batch. (Option 2) 
c:> Option 2 leads to 1 7% costs reduction compared to the current process, option 1 leads 

to 9% costs reduction. However, the first option is much easier to implement than the 
second option. The reason is that the first option is already done at this moment in 
some cases, but it is not supported by the warehouse management system. Therefore, 
it is not known how frequently and for which products it is done. 

c:> The current calculation method of the production norms, which are used by Philips 
and OHL to decide on the costs Philips pays, slows down selection of one of the 
options. However, the model shows that implementation of option 1, 2 or 3 will result 
in lower operating costs for OHL. 

7.2 Recommendations 
7.2.1 Project related recommendations 

c:> Work out the designs for option 1 and option 2 in more detail concerning the 
warehouse management system requirements. With this information, a good decision 
can be made on the costs/ benefits for option 1 and option 2. 

c:> Investigate the possibility to split the order pick processes in smaller units to reduce 
the influence of the average in the production norms and production control. The first 
step would be to implement one of the options for article-oriented box-picking. In a 
second step the piece pick operation could be separated. This will lead to more 
specialization in the processes, more visibility and tighter control. 

c:> Measure how much of the boxes or replenishments are now done via the "batchpick" 
process (simplified version of option 1 ). With this information, the cost model can be 
improved and a more thorough decision can be made on which option to choose. 
Measure this amount for all the Business Groups. 

c:> Look at flow-racks as an alternative storage system for the palletized products. The 
products that are sourced from Asia are in particular interesting for this concept. 

7.2.2 General recommendations 
c:> Philips owns the warehouse management system that is used to support the operations 

at LC Acht. The disadvantage of this situation is that process related changes that 
OHL proposes, can be terminated or postponed because Philips does not want to do 
the system change. Another disadvantage is that Philips still has insights into the day
to-day operation of OHL. Therefore, it makes more sense to transfer the responsibility 
of the warehouse management system to OHL, even though that may result in more 
responsibilities for OHL and more pressure from Philips to implement system 
changes. 

c:> Include incentives for improvement in the contract between Philips and OHL. If 
Philips and OHL agree on how to distribute the savings of process improvements 
among each other, the OHL operation will be more willing to focus at improvements. 
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Appendix 1: Glossary 

Box: 
Piece: 
Full pallet: 
Full pallet template: 
Customer pallet: 
SKU: 
Warehouse order: 
Customer order: 

Packaging unit that contains one or more pieces 
Smallest packaging unit, contains maximum 1 piece of a SKU 
Packaging unit that contains one or more boxes 
The number of boxes on a pallet that is stored in the full pallet store 
Pallet that has been marked as belonging to a specific customer 
Stock Keeping Unit, unique article 
The basic piece of information that drives the operation at LC Acht 
The order that is received from the customer 
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Appendix 2: Organization chart of Deutsche Post and DHL Solutions worldwide as of March 2003 
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Appendix 3: Organization chart of DHL Solutions Region South/West Europe as of January 2004 
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Appendix 4: Philips CE Supply Chain structure and performance 

The Philips Consumer Electronics Supply Chain has undergone several changes in recent 
years, especially concerning the location of inventory points and the function of the European 
Distribution Center (LC Acht) as well. As a result the goods flows through the European 
Network have changed as well. Figure 6.1 shows the current Supply Chain structure. The 
final customer gets its products either from a Regional Distribution Center, the European 
Distribution Center or from the factory or assembly center (AC) as a direct shipment. The size 
and importance of the customer and the location of the factory determine from where the 
customer gets the products. Large customers will be supplied from the factories (if the factory 
is close to the customer) or from the EDC. Small customers will mainly get their products 
from the regional DC. 

Direct Shipment 

Direct Supply 

s,pply - ~ ~ 
Factories/AC 

(conveyor) EDC RDC Customer 

Direct Delivery 

Figure 4.1: Philips Consumer Electronics Supply Chain 

It must be noted that the structure of figure 6.1 shows partly the preferred situation by Philips. 
Only very little shipments are made directly from the factories to the customer. Philips would 
like to increase the number of shipments that is done via this flow, especially for the products 
that are manufactured from Asia. Most of these products are now shipped via the EDC. 

7.9 

7.7 

7.5 
7.5 

7.3 

7.1 

6.9 

6.7 

6.5 

6.3 
1998 1999 2000 

--overall satisfaction score Philips 

2001 2002 2003 2004 

--Overall satisfaction score Sony 

--Overall satisfaction score Panasonic --Overall satisfaction score Samsung 
.. .. - -· Average competition CE 

Figure 4.2: Customer satisfaction of Philips and its main competitors 
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Philips continuously looks at options to reduce the costs within the supply chain. At the same 
time, they focus at their customer satisfaction level in Europe and compare it to the customer 
satisfaction of their main competitors. An independent company does this analysis. Figure 6.2 
shows that the customer satisfaction scores of Philips deteriorate. The average customer 
satisfaction of the main competitors aggravate as well. Only Samsung, which is a new player 
in the European Consumer Electronics market has improved its customer satisfaction in the 
last year. 

Philips does look at a more detailed level as well what are the factors that have led to the 
deterioration of the customer satisfaction. Figure 6.3 shows at what aspects Philips scores 
better or worse compared to its main competitors. Especially on some logistics-related aspects 
such as product availability, speed of deliveries and status of deliveries, Philips scores worse 
than its competitors. 
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Figure 4.3: Customer satisfaction performance of Philips compared to competition 
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Appendix 5: Layout of LC Acht 
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The original Acht I consisted of the halls 1 - 8, hall 9 was added in 200 I. Hall IO used to be 
Acht 2 and was a public warehouse until 2002. 
In June 2004, there were two pick fronts: "products heavier than 23 kilograms" pick-front in 
Hall 2, pick-front for all the other products in hall 7 and partially in hall 6. 
Bulk storage for TV was in hall 1 and 3, Bulk storage for Audio in hall 9 and Bulk storage for 
Monitors and Accessories/Batteries in hall 9 and 10. 
Value added services took place in hall 8, where also the damaged products were stored. Hall 
6 was used for bulk storage in the case of high inventories. 
Hall 4 and 5 are dedicated for incoming and outgoing shipments by truck. The dock doors in 
hall 10 are also used for outgoing shipments, while the dock doors in hall 9 are used for 
unloading of containers. 
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Appendix 6: Additional goods flows at LC Acht since 1999 

Since 1999, several goods flows have been added to LC Acht. The changes are summarized in 
this appendix. 

In 1999, this was the situation at LC Acht, which was by then separated in 2 warehouses: 
Acht I : dedicated warehouse for Philips CE, with NDC function of TV and Audio for 
Benelux and Switzerland; 
Acht 2: public warehouse 

In 2000: 
The goods flow "Audio Germany" was added to Acht 1. 

In 2001: 
A new warehouse hall was added to Acht 1. 
The goods flow "TV Germany" was added to Acht I and removed again. 

In 2002: 
The goods flow "Monitors" was integrated in Acht 2. 
Acht 2 and Acht I were merged. The order-pick process for Acht 2 was still physically and 
organizationally separated from Acht 1. Bulk storage for Acht 2 was integrated with Acht 1. 

In 2004: 
Goods flow Russia has been integrated in the second quarter of 2004. 
National Collection Point of damaged and returned goods for the Benelux has been integrated 
in LC Acht. 

In general , more loose boxes came by container from the Far East to LC Acht and more box
pick activities had to be carried out, due to new goods flows (accessories & audio) and 
changing customer constraints. 

62 



- --..,1;1'• = 
SOL't/110 /VS TU/e 

Appendix 7: Developments in goods flows at LC Acht 1997 - 2002. 

Actual volumes 

Outaoina 1997 1998 1999 2000 2001 2002 Total 
Deoartures 22.554 24.423 27.929 40.152 51 .232 49.524 215.814 
Lines 373.670 374.519 324 .361 625.821 961.963 888.714 3.549 .048 
LU Full Pallet 151.908 195.565 225.491 271.074 277.931 291.500 1.413.469 
% 64% 66% 66% 63% 51% 55% 59% 
LU Pick oallet 85.461 102.819 117.008 161 .065 268.091 239.389 973.833 
% 36% 34% 34% 37% 49% 45% 41% 
Loadina Total 237.369 298.384 342.499 432.139 546.022 530.889 2.387.302 

Boxes on Full oallet 3.694.983 4.655.923 5.169.251 6.383.740 7.244 .138 9.206.441 36 .354.476 
Boxes oer Full oallet 24 3 23 8 22 9 23 5 26 1 31 6 25 7 
Boxes on Pick oallet 1.575.447 1.724.419 1.964.394 2.679.015 3.817.011 4.039.805 15.800.091 
Reolenishment 42.731 51.410 58.504 80.533 134.046 119.695 486.917 
Boxes oer Pick oallet 18 4 16 8 16 8 16 6 14 2 16 9 16 2 
Piece-oick boxes 50.737 53.472 32 .691 58.887 94.686 90.381 380.854 
Boxes total 5.321.166 6.433.814 7.166.336 9.121 .642 11.155.835 13.336.627 52 .535.420 
Piece-oick 101.474 106.941 64.143 167.246 164.284 144.087 748.175 
M3 405.320 529.730 638.385 776.850 870.711 789.672 4.010.668 
M3 per LU outqoinq 1 71 1 78 1 86 1 80 1 59 1 49 1 68 

lnkomend 1997 1998 1999 2000 2001 2002 Total 
Invoices 10.687 11 .823 12.927 15.773 16.317 16.323 83.850 
Invoice lines 26.398 33 .503 31.810 36.506 41 .012 39.149 208.378 
LU 224 .201 270.307 300.109 384.775 444.963 431 .248 2.055.603 
Colli loose 1.177.502 1.000.866 601.972 661 .400 698.336 2.281 .805 6.421 .881 
Colli total 5.586.173 6.729.267 7.247.598 9.269.520 11 .317 .873 13.608.787 53 .759.218 
M3 410.687 537.353 638 .318 807.095 870 .587 797.891 4 .061 .931 
lnhandlinq LU 266.255 306.052 321 .608 408.396 469.904 512.741 2.284.956 
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Appendix 8: Storage systems: advantages and disadvantages 

1s appen IX as d. h b een ase on nonymous b d A (1992) 
Storage Advantages Disadvantages Application if 
system 
Pallet rack • FIFO • Poor use of m2 • Palletized goods 

• Low investment because of aisles • Low inventory 

• Separation bulk • Relatively long (<6pallets) / SKU 
& pick storage transport times 

Double deep • Fewer aisles • Double deep reach • Medium stock / 
pallet rack (50% aisle fork lift needed SKU (>6 pallets) 

reduction) • Handle-in/ handle-

• Medium storage out by multiples of 
density 2 pallets 

Drive-in/- • High storage • LIFO • Low / medium 
through rack density ( • Especially for bulk stock turnover 

• Good use of m2 storage • Large stock / article 

• One product / • Articles on pallets 
channel • Large handling 

• Low work speed for quantities 
needed accuracy • Limited importance 

• High investment FIFO 
Flow rack • FIFO • Very high • High stock turnover 

• Very high investment • Large stock / article 
storage density • Articles on pallets 

• High throughput 

• Short transport 
times 

Block • Simple storage • # SKUs should be • Medium stock 
stacking concept low turnover 

• Very low • Products should be • Large stock / article 
investment stackable • Stock turned in 

• Honeycombing large increments 

• Stackable articles 

• Limited importance 
of FIFO 

Mobile Rack • FIFO • Handling time for • Low stock turnover 

• Good use m2 moving rack • Large assortment 

• High investment • Small stock/ SKU 

• Space is scare 
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Appendix 9: Order picking systems: advantages and disadvantages 

This appendix gives an overview of the advantages, disadvantages, selection criteria, possible 
concepts and examples for each one of the four aspects that Gudehus (1973) has 
distinguished. This overview is based on Gudehus (1973) and Jansen (1996). Not for all the 
four aspects, all the 5 items could be included in the overview. If there is nothing worth 
mentioning for an item of an aspect, than the column is not included. 

These overviews will help to better identify which concept will be useful in which situation. 
The selection criteria can be seen as qualitative guidelines/ rules of thumb to decide about the 
application of a concept in a situation. 

Pre are articles for ickin I I ' 
~~1"*"'J•~;:;.~J'1F,~':f•f::,;. i, 'ii'IT'?ti17't;fi •i•' ' r- ~r . ':-!('r";r . I •"- ,,, •;;:: i, -;1 r _. •,1 .. ~,'•J.•·••~.~ u••~ 'I :

1
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Static • Direct at- • Low • Picking quantitiy Optimalisation • Pallet racks 

ainability of productivity per article is small by: • Drive in 
articles per picker part of stored • Smart racks 

• Flexible regarding quantity location • Live storage 
regarding orders with • Picking without stratey • Shelves 
changing few lines (big extra resources • Optimal 
requirements part driving • A lot of lines per routings 

• Short average and walking pick instruction • Gathering 
throughput time distances) • Short through put per layer 
per instruction • No optimal time required 

• Rush design of labor • Rush orders occur 
instructions are environment • Low investments 
possible possible are more important 

• Few • Larger than savings in 
investments are replenishment labor costs 
necessary problems 

• More difficult 
removal of 
empty pallets 

Dynamic • High picking • Few articles • Picking quantity Working • Automated 
productivity per are directly per article is big procedure: Storage / 
order picker attainable for part of stored • Single Retrieval 
( very short and orderpicker quantity command System: 
few driving/ • Difficult • Picking only • Dual • Miniload 
walking adaptable in possible with extra command • Maxiload 
distances) case of resources • Multi 

• Labor changing • Few lines per pick command Carousel 
environment requirements instruction storage: 
can be designed • Long average • Long throughput In case of • Horizontal 
optimally throughput time permitted AS/RS: • Vertical 

• Usage of extra time • No rush orders • Class-based (paternoster) 
resources for • Big • Equal, high usage storage 
picking is investments rate 
possible needed • Savings in labor Carousel 

• Easy removal regarding costs justify high storage: 
of empty transportation investments • Fast movers 
carriers and control together 
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One • Easily adoptable to 

dimension changes 

al • Small investments 

Two • Better performance of 

dimensional labor by better control 

Manual 

Mecha
nical 

and less tiredness 

• Smaller part moving 
time as result of fewer 
lines per order 

• Ca. IO times less 
surface needed 

• A lot of articles 
directly attainable for 
pickers 

• Good utilization of 
space because free 
location strategy is 
possible 

• Independent from the 
type of articles 

• Flexible, fast adaptable to 
changing performance 
requirements 

• Possible with few 
investments 

• Few problems with 
re lenishment 

• Little labor needed 
• Independent on labor 
• High, constant 

availability 
• More shifts without a lot 

of costs 

-I 
._, !i')'h ,;t ;'\i,•(:Z~ 
- . 

'·- v .. , 

• Lower productivity of 
labor as a result of poor 
checking possibilities, 
tiredness from walking 

• Larger part driving 
time in case of less 
than 25 lines per order 

• Big space and surface 
requirements 

• Few articles directly 
attainable 

• Poor m3 usage as a 
result of the needed 
fixed warehouse 
locations 

• Only possible in case 
of minimum 
investment 

• Little flexibility 

• Large labor capacity 
needed 

• Dependentonthelabor 
(availability, reliability, 
accuracy, etc) 

• Only possible in case of 
high investments 

• Restrictions on 
specifications of the 
goods (similar shape, 
weight, etc.) 

• Performance limits are 
almost fixed 

• Specific replenishment 
problems (separation in 
advance, s ecial allets 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Big pick • Moving by 
quantities feet 
A lot of lines per • Moving by 
order truck 
Small inventory 
per article 
Changing of 
productivity 
requirements 
A lot of space 
requirements 
A lot of order 
lines perm 
shelves (low 
moving time per 
line) 
Small until • Manned 
average inventory trucks 
per article • Unmanned 
Equal high trucks 
performance 
required 
Little floorspace 
available 
Small number of 
order lines perm 
shelves (a lot of 
moving time per 
line) 

• High separation capacity 
required 

• Variability in picking 
quantities 

• Low investments are more 
important than labor savings 

• High variability in 
requirements regarding 

erformances 
• Little separation capacity 

required 
• Similar storage quantities 

and preferable similar to 
picking quantities 

• Similar high usage rate 
required 

• Labor savings are more 
important than investments 

• Multiple shifts 
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Central • Possible with • Limits to the volume • Limited volume 

small of the order, back to of pick order 
investments basi s is requi red • Average till low 

• Little space • Lower productivi ties pick productivi ty 
required in case of putting of • In case of high 

goods (stacking on variability of 
pall et) and because requirements 
of driving time back 
to the central 
location 

Decentral • no limits on the • coding of loads • gather instructions • pick to belt 
vo lume of the picked takes time of high volumes • automated 
order; back to • higher space and and high guided 
bas is is not surface usage quantities vehicles 
necessary • higher investments • extremely high 

• short picki ng fo r take away productivity 
times => better equ ipment • high and equal 
performance, (conveyors) and the capacity usage 
put away of control • fu ll y mechanical 
goods is easy • onl y effi cient in case picking 

of high usage of all 
transport equipment 
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Appendix 10: Rules of thumb for applying warehouse concepts 

The first three figures are taken from Ploos van Amstel (1996). The figures represent a 
qualitative evaluation on when to apply which storage method given values for the handling 
frequency (12.1) and the packaging density (12.2). These have been described in chapter 2. 
12.3 gives rules of thumb on the order pick function of the Gudehus framework and the 
relation with handling frequency . 

Storage methods 

Pallet rack 

Drive in/through rack 

Flow rack 

Shelves 

Mobile rack 

Block stacking 

- -- -Low Medium High 

► 
Handling frequency (Handling 
units I unit of time) 

Figure 10.1 Rules of thumb 1 (source: Ploos van Amstel , 1996) 

Storage methods 

Pallet rack 

Drive in/through rack 

Flow rack 

Shelves 

Mobile rack 

Block stacking 

- -
Low Medium High 

► 
Packaging density (Handling units 
I unit of volume) 

Figure I 0.2 Rules of thumb (2) (source: Ploos van Amstel , 1996) 

Basic Function 

Prepare 

Move picker 

Take out 

Move away articles 

Manual 

Can1ral 

Low Medium ' High 

Figure 10.3 Rules of thumb 3 (source: Ploos van Amstel , 1996) 
68 



--•.,:, _s;;; 
50LVli'OIV5 TU/e 

Other rules of thumb have been discussed in Janssen ( 1996). She discusses various goods 
flow and order pattern characteristics and relates those to the storage and order pick function. 
The rules of thumb that are mentioned include: 

Average number of pallets stored per article 
Less than 3 pallets: Integrated unit load- and order picking store, pallet racking. 
More than 6 pallets : Separated order picking store, no racking equipment. 

Total number of different articles 
Less than 100: Manual, serial picking, no racking equipment. 
More than 1000: Mechanic, parallel picking; move away articles decentral ; pallet racks, 
shelves. 

Gathering factor (the number of times a stock keeping unit is visited before it is empty) 
Less than 1: Dynamic preparation of articles for picking, bulk storage, separated 
replenishment aisle. 
More than 5: Dynamic preparation of articles for picking 

Customer order lines per order 
Less than 10: Article-oriented box-picking, no separate order picking store. 
More than 10: Dynamic preparation of articles for picking, order-oriented box-picking, 
parallel. 

Weight 
Less than 15 kg: manually picking, extra floors. 
More than 15kg: dynamic preparation of articles. 

Volume 
Less than 25dm3

: external order picking store, storage in shelves. 
More than 25: dynamic preparation of articles for picking, bulk storage. 

These characteristics give directions for the design. In practice, contradicting characteristics 
will have to be included in one design. One needs to spent extensive time on the modeling and 
has to look at creative solutions to obtain a good warehouse design. 
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Appendix 11: Conceptual layout of alternative 2 in chapter 4 

Figure 11.1 gives an overview of the conceptual layout for option 2 that has been discussed in 
chapter 4. Note that this option is developed for the box pick operation of large boxes. The 
main idea is that the boxes are stored in flow racks, which release the boxes automatically. 
The flow racks are backfilled by warehouse operators. Via a conveyor, the boxes are 
transported to a central location, where another warehouse operator adds the boxes to a 
customer pallet, which he transports to the check point. The arrows show the directions of the 
movement. 

) WH 
Opera 

tnr 

l 
l Replenirents in T rack l 

Pick 
pallet 

i 

11111 

i 

Conveyor 

i i 
Replenishments in flow rack 

Figure 11.1 Conceptual layout picture of option 2. 
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l 
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Appendix 12: Simulation of batching and scenario analysis 

The scenario analysis for the average batch that was done is based on a MS Access database. 
The input was the transaction data for the month October 2003, which included all the 
information that was available from the customer order and the information that was created 
when transforming the customer order into a warehouse order. 

The information concerning the customer order included (look at section 3.2 to see the 
comparisons): 

• Delivery note number 
• Delivery note line number 
• Requested SKU 
• Requested quantity 
• Requested delivery date 

The information that was added via warehouse orders included: 
• Departure number 
• Departure date and time 
• Shipment number 
• Forwarder 
• Customer pallet number 
• Information on customer pallet: full pallet or pick pallet 
• Number of pieces per box 
• Number of boxes per full pallet 
• Product group an SKU belonged to (for instance TV or Monitors) 

With this data, a number of things could be determined (the focus is only on the box-pick 
process): 

1. How many boxes and pieces were ordered per customer order line? 
2. When was a warehouse order shipped to the customer? 
3. To which product group do the products on a customer pallet belong to? 
4. In which pick front were those products assembled to a customer pallet? 

In the batching step, periods of 2-hours were created: 7:00-9:00, 9:00-11 :00, etcetera. All the 
warehouse orders were added to a batch and a list of SKUs that were requested in that batch 
was generated. For each SKU, the number of boxes and full pallets was determined that was 
needed, as well as the number of SKUs for which boxes must be collected in step 1. Other 
information that could be retrieved from the database was the number of stops in the pick 
front , the number of customer pallets in a batch and the number of boxes that had to be 
handled. 

This has been done for the large boxes and the small boxes separately. The assumption was 
made that the large boxes consisted of the SK Us in the product group Television and the large 
boxes consisted of all the other products. 
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