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Abstract 

 

This master thesis analyzes the cost of distribution at Etam Retail Services and tests 

potential improvements in the design of the distribution process. The test contains scenarios 

with different delivery frequency settings. 
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Management summary 

 

This master thesis is executed for Etam Retail Services (ERS). Etam Retail Services is part of the 

business unit Etam Groep. ERS is a facilitating company with Miss Etam and Promiss as its customers. The 

end-customers are the buyers of the women’s apparel at the 196 stores of the Etam groep. ERS has one 

distribution centre (DC) in Zoetermeer (NL), this DC is a cross dock centre. ERS uses the logistic service 

provider Scholten Transport Groep (STG) for its distribution process and faces a strong season pattern, 

with two seasons per year. The end-customer is most important for the Etam groep. Store personnel 

should be able to handle the delivery fast and before the end-customer arrives at the store, so that the 

store looks attractive and the store personnel can focus on the end-customer. 

STG uses predefined routes and has a dedicated fleet for ERS. A route contains on average 9.33 

stores. All routes start and end at the DC in Zoetermeer. There are no depots in the distribution structure. 

STG executes the distribution process exclusively for ERS. STG charges a tariff (price per hour) to ERS for 

every hour a truck is used. 

ERS considers the cost of distribution as high and uncontrollable. The Etam groep and ERS have no 

contract or service level agreement with STG. ERS considers the tariff charged by STG as high and assumes 

this is due to inefficiencies in the distribution process. ERS requests for more insight into the distribution 

process, the cost of distribution and a redesign of the distribution process and the partnership.  

The tariff is a result of the partnership. The current arrangement between ERS and STG does not fit 

the partnership ERS and STG are in. An arrangement that would fit the partnership is an arrangement with 

performance agreements on the duration and agreements on the tariff. STG determines the tariff based 

on the costs they are making for delivering the services of ERS. These costs depend on the number of 

drops and the volume. These factors could be included in the arrangement. 

The cost of distribution is a multiplication of the tariff, the duration of the routes and the frequency in 

which the routes are executed.  

Decreasing the delivery frequency would decrease the cost of distribution. Currently the delivery 

frequency is restricted to the receiving capacity and the clustering of the stores. Changing the clustering 

itself does not lead to a lower cost of distribution, though it does disrupt several processes at the DC. The 

delivery frequency cannot be decreased by just changing the clusters. The delivery frequency can be 

decreased by increasing the receiving capacity of the stores. This would lead to a lower cost of 

distribution, without ignoring commercial constraints. 

The duration of the routes can be reduced by a different structure or by consolidation. Changing the 

structure in the current situation is difficult, because of the current type of handling. Changing the type of 

handling would require an investment. The reduction in the duration and the investment depend on how 

the handling is changed. The same accounts for consolidation. Consolidation could reduce the duration. 

The exact benefit of the consolidation depends on the partner(s), with which a part of the distribution is 

consolidated. 
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Chapter 1 Introduction 

 

This chapter gives an introduction to the master thesis by describing the most important business 

units involved in the project (1.1), the problem statement (1.2) and the research approach (1.3). The final 

paragraph of the chapter (1.4) explains the content of this rapport. 

 

1.1 Company description 

This master thesis is executed at Etam Retail Services (ERS). Etam Retail Services is part of the 

business unit Etam Groep. ERS uses the logistic service provider Scholten Transport Groep (STG) for its 

distribution process. Figure 1 shows the business units which are involved in this master thesis. 

 

 

Etam Groep

Etam Retail 

Services
PromissMiss Etam

Scholten 

Transport Groep

 
Figure 1 Business units 

 

The Etam Groep 

The Etam Groep has a history of more than 85 years in the Dutch market for women’s apparel. The 

Etam Groep has a turnover of more than 300 million Euros per year. The Etam Groep has three business 

units: Miss Etam, Promiss and Etam Retail Services (ERS). Miss Etam and Promiss are two branches and 

ERS delivers several facilitating services to the two branches. The Etam Groep has the mission to become 

a multi-brand, multi channel, multi country, women’s apparel retailer. The strategy of the Etam Groep 

contains three parts:  

• Quantitative growth for Miss Etam and Promiss. 

• Maintain an efficient infrastructure 

• Add new businesses 

 

Miss Etam and Promiss 

Miss Etam and Promiss are trend followers. Therefore, they both use a “Quick-response” strategy. 

They try to spot trends in the market and respond to these trends. The time-to-market is important in this 

“Quick-response” strategy. When new trends are noticed, the branches want to be able to react as quickly 

as possible. The functioning of the logistic network is crucial in this strategy. Miss Etam has 111 stores and 

20 outlet stores. Promiss has 65 stores and uses the same outlet stores as Miss Etam. The outlet stores 

are part of the Miss Etam business unit. Miss Etam is the market leader in The Netherlands and Promiss is 

in the top ten of women’s apparel retailers. 

 

Etam Retail Services 

ERS is a facilitating company with Miss Etam and Promiss as its customers. The end-customers are the 

buyers of the women’s apparel at the stores. Besides logistic services it also provides ICT, real estate, 

administration, human resource development and facility management. The total cost of delivering these 

services in 2009 was almost 18 million euro per year. ERS has one distribution centre (DC) in Zoetermeer 
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(NL). The DC and the head office of the Etam Groep are located in the same building. All products which 

are ordered by the purchasers of Miss Etam and Promiss are delivered in Zoetermeer.  

 

Scholten Transport Groep 

ERS uses a partner for the distribution of the products. This partner is Scholten Transport Groep (STG). 

STG is a Third Party Logistics (3PL) service provider. The businesses units Etam groep and STG cooperate 

since several decades. Both companies are or have been family businesses. STG has specialized itself in 

“dedicated distribution”. STG executes the distribution for several brands in different markets in The 

Netherlands, for example Sligro. Dedicated means that a part of STG’s fleet is dedicated to ERS, which is 

always available for ERS and most trucks of this part of the fleet display Miss Etam or Promiss prints (see 

figure 2). Because of this dedication it becomes possible for STG to know its customers and the logistic 

processes thoroughly. 

 

 

 

 
Figure 2 Part of the dedicated fleet 
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1.2 Problem definition 

 

This report is the result of a master thesis at ERS. The problem definition for the master thesis is: 

 

“The cost of distribution for ERS is high and uncontrollable” 

 

ERS faces a partnership with the logistic service provider STG. There is uncertainty about the 

partnership and ERS has no insight into the distribution process. The Etam groep and ERS have no 

contract or service level agreement with the partner. ERS considers the tariff charged by STG as high and 

assumes this is due to inefficiencies in the distribution process. ERS requests for more insight into the 

distribution process, the cost of distribution and a redesign of the distribution process and the 

partnership.  

 

The problem definition considers the cost of distribution as “uncontrollable”. STG determines the 

routes and the tariff. ERS can only influence the costs for distribution through the decision on the 

frequency of distribution. ERS initiated this assignment based on two reasons: firstly ERS has only little 

knowledge of the process. Secondly, ERS assumes that it’s possible to redesign the process on a cost 

effective manner. This leads to the following formulation of the assignment: 

 

“Give an analysis of the distribution process and the cost of distribution. Redesign the process on the 

tactical level and redesign the process on a strategic level. Evaluate the partnership with STG.” 

 

1.3 Research approach 

 

The logic for the setup of the project is based on the classic problem solving cycle as elaborated by 

van Strien (1997), see figure 3. This regulative cycle has five basic process steps: problem definition, 

analysis and diagnosis, plan of action, intervention and evaluation.  

 

 
Figure 3 Regulative cycle 

 

This master thesis will only consider the first three steps. The first step in figure 3 is the formulation 

of the problem definition in the previous paragraph. The second step in figure 3 is explorative and the 

third step is redesigning. This project has an explorative character because of the current lack of 
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knowledge of the process. Before an accurate redesign can be build, the second explorative step in the 

model of van Strien should be executed thoroughly. Therefore, the main focus will be on the second step 

of the model of van Strien in figure 3.  

 

The first step is the problem definition. A problem definition is a result of a problem mess. In general, 

a problem can be defined as a state of affairs in the real world, which important stake holders are 

dissatisfied about, because they believe that things can be improved. The problem definition should 

address the strategic relevance of the problem. The setting of the problem definition typically is a 

problem mess (Ackoff, 1981): A problem mess is a combination of perceptions on reality, of value 

judgments on the basis of those perceptions and of powerful or less powerful people making those 

judgments. A problem is a selection of one or more of those issues. The problem definition of this master 

thesis is given in the previous paragraph. The problem definition refers to two subjects: first (the costs of) 

the distribution process and second the partnership with STG. 

 

The second step is the analysis and diagnosis. The distribution process is analyzed by means of the 

method of Bertrand (1990). Bertrand offers an analysis method, which is built with the intention to 

redesign an operational logistic process. The cost of distribution is modelled on the basis of the work of 

Daganzo (2005). Daganzo (2005) identifies parameters which relate to the costs of a logistic operation and 

the mathematical form of these relations. The redesign is based on literature on the Periodic Inventory 

Routing Problem (PIRP). The redesign is simulated with a PIRP heuristic, based on the work of Campbell 

(2004). The analysis and diagnosis of the partnership with STG is on recent studies on Third Party Logistics 

(3PL). The model of Haroldson (2004) particularly is used to diagnose the partnership. 

 

 

1.4 Contents of this report 

 

This report contains six chapters. The second chapter gives an analysis of the distribution process and 

the third chapter focuses on the cost of distribution for both ERS and STG. Chapter four considers 

redesign areas which are a result of inefficiencies in the distribution process. In chapter four one redesign 

areas is selected and this area is used for three redesigns described and tested in chapter five. Chapter six 

gives the conclusions and recommendations which are the result of this master thesis. 
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Chapter 2 Distribution process description 

 

This chapter gives a description of the distribution process of the Etam groep. The first paragraph 

(2.1) gives an overview of the total supply chain of the Etam groep. The distribution centre (2.2) is an 

important part of the total supply chain, because all products which are sold by the Etam groep go at least 

once through this distribution centre. The third paragraph (2.3) describes the order arrival at the DC. The 

main functionality of the DC is the sorter (2.4). The fifth paragraph (2.5) describes the transport from the 

DC to the stores. This process is called the distribution process. The final paragraph (2.6) describes the 

stores. 

2.1 Supply chain of the Etam groep 

 

The supply chain of the Etam groep is shown below in figure 4. The Etam groep has suppliers all over 

the world. Figure 4 shows how the products go from these suppliers to the DC and from the DC to the 

stores of the Etam groep. 

 

 
Figure 4 Supply chain 

 

The flow of products towards the DC in Zoetermeer can be split up into 3 sub-flows with different 

delivery arrangements between ERS and the suppliers. For the first flow of products the delivery dates are 

arranged with the supplier itself. The suppliers themselves are responsible for the delivery at the DC. This 

flow contains about 80% of all products.  

In the second flow ERS uses a logistic service provider for the suppliers from Turkey. The purchasers 

from the branches arrange pickup dates with the suppliers in Turkey. The logistic service provider collects 

the orders and delivers them in Zoetermeer according to the coordination of ERS. 



11 

 

ERS uses a logistic service provider for the suppliers from Asia as well. The suppliers from Asia are 

responsible for the delivery at the airport or harbour in Asia. ERS has logistic service providers which 

coordinate and execute the transport from Asia to two reconditioners in The Netherlands.  

 

The transport from the DC to the stores (distribution) is executed by STG. The Customer Order 

Decouple Point (CODP) for ERS is at the stores. The Etam groep uses a push strategy to manage the 

inventory at the stores. The CODP shows how deep a customer order penetrates into a supply chain. After 

a CODP all products are assigned to a customer, the inventories can be kept low and the main focus is on 

an efficient process.  

 

 

 

The store personnel should be able to handle the delivery with the least 

effort possible. The store personnel have to focus on the end-customer. 

Therefore, the Etam groep requests a floor-ready delivery at the stores. Floor-

ready means on a hanger and correctly labelled. To make sure that the 

processes in the DC are not delayed, the delivery at the DC should be floor-

ready as well. Figure 5 shows an example of a floor-ready product. A floor-

ready delivery also implies that the products are delivered in the correct order 

to the stores. Thus, the same products, corresponding in size and colour, are 

next to each other. In the product flows from “Other” and Turkey the suppliers 

are responsible for a floor-ready product. In the product flow from Asia the 

reconditioners are responsible for a floor-ready delivery at the DC in 

Zoetermeer.  

. 

 

 

 

 

 

Table 1 Supply chain costs 

Part Includes 2007 2008 2009 

Inbound Freight import, duties, 

commission, reconditioners 

€2,471,592.- €3,898,557.- €3,088,059.- 

DC Personnel, maintenance, 

overhead 

€2,623,657.- €2,492,996.- €2,478,605.- 

Distribution STG €2,204,527.- €2,105,597.- €1,895,914.- 

 

 

Table 1 and 2 show the supply chain costs in the past 3 years. Table 1 and 2 use financial years, so 

2009 starts at the first of August 2008 and ends at the end of July 2009. This rapport uses calendar years, 

except for table 1 and 2. 

This information is provided by the accounting department of the Etam groep. The costs of inbound 

are paid by Miss Etam and Promiss. The costs for the DC and distribution are paid by ERS. ERS charges 

these costs to Miss Etam and Promiss.  

The total costs of “inbound” increased in the last 3 years. This increase is due to an increase in 

volume, because the costs per product decreased (table 2). ERS expects that the percentage from Turkey 

and from Asia will both further increase up to 20%.  

 

Figure 5 Floor-ready delivery 
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Table 2 Costs per product 

Part 2007 2008 2009 

Inbound  €        1.54   €        1.50   €        1.37  

DC  €        0.17   €        0.17   €        0.17  

Distribution  €        0.14   €        0.14   €        0.13  

 

 

The transport costs from “Other” (figure 4) towards the DC are not visible for ERS. The total costs for 

inbound are charged for only 20% of the total number of products and is larger than the total costs of the 

DC and distribution.  

 

 

2.2 Distribution centre 

Figure 4 shows that the supply chain has one distribution centre and all product flows go through this 

DC. According to the typologies of Broekmeulen (2005), the DC is a cross dock centre. This typology is 

based on fluctuating or fixed delivery addresses and the volume per address.  To control the internal 

processes at a cross dock centre, the coordination of inbound and distribution processes is the most 

important task. Figure 6 shows a representation of the inside of the distribution centre.  

 

Receiving 

lanes
Expedition 

lanes

Temporary 

storage

lanes

Storage

lanes

Docks

Docks

Sorter

 
Figure 6 Distribution Centre 

 

The distribution centre has to handle three separate product flows:  

1. Regular 

2. Flat packed 

3. Return 

 

In the regular product flow the Etam groep requests a floor-ready delivery at the DC.  

 

After arrival the products are on the receiving lanes. If there are capacity problems at the receiving 

lanes, some orders can be transported to the temporary storage lanes. The sorter takes an entire order 

from the receiving lanes or the temporary storage lanes and divides the order over the expedition lanes 
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and storage lanes. On average 21% of the products go to the storage lanes. On the expedition lanes, each 

lane is assigned to a store. All products, which are allocated to the same store, are on the same lane. If 

ERS makes a delivery to a store, all products on the lanes assigned to this store will be delivered. If ERS 

decides to distribute to all stores, all expedition lanes are empty, when the trucks are loaded. 

 

The four stock points in figure 4 are storage lanes. Figure 7 is a picture of one of the storage lanes. 

The capacity of these storage lanes are shown in table 3. In theory, these storage lanes are the same as 

stock points. Table 3 shows the capacity of the lanes. The capacity of a storage point is expressed in 

meters and is equal to the total length of the lanes in a storage point. The products are on a hanger and 

the hanger is on the lane. The capacity required per product depends on the thickness of the product 

and/or the hanger. ERS knows an average thickness for each product type. ERS uses these thickness 

classes to estimate the capacity usage in the stock points. The overall average thickness is 0.0165 meter 

per product. The thickness classes are assumed to be inaccurate. This inaccuracy is a difficult issue, 

because in practice the number of products per meter also depends on how much the products are 

compressed. The compressibility of a product depends on the product and the hanger. 

 

 

 
Figure 7 Storage lane 

 

 

 

Table 3 Storage points 

Storage point Notation Capacity 

(meters) 

Receiving Lanes 

 

1100 

Temporary 

Storage Lanes 
T

 

1500 

Storage Lanes 
S

 

1900 

Expedition lanes 
E

 

1700 
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All orders which are received at the DC have to wait for an allocation before they are sorted. Before 

an order can be sorted, someone has to estimate which part of this order is stored and how much each 

store will receive. The Etam groep has the allocation department, which is specialized in this process. The 

allocation department allocates each order based on historical data. The sales are hard to predict and can 

differ in every part of The Netherlands. The stored products will be distributed at a later moment as 

replenishment. The allocation department estimates the exact replenishment per product per store. The 

Etam groep uses the allocation and the replenishments to cope with this unpredictable demand. 

 

The second product flow is called “flat packed” and contains all products which cannot be placed on a 

hanger. The flat packed flow is independent from the regular product flow and is handled by one 

department. The products arrive on pallets at the DC. The department receives, unpacks and sorts the 

products. The department uses a sorter. This sorter is a transport belt. The sorter divides the products 

over blue crates (figure 8). Each blue crate belongs to exactly one store. If a blue crate is full, it will be 

replaced. Once or twice per week the blue crates are distributed. The transport belt stops and the blue 

crates are brought to the docks. Flat packed products are sent to Miss Etam, Promiss and Outlet stores. 

 

 
Figure 8 Flat packed products sorter 

 

The third product flow is the return flow. Miss Etam and Promiss want to renew 25% of their 

assortment every week. The products, which are removed from the assortment, have to be brought back 

to the DC. This product flow is called the “return flow”. This flow contains two parts. In the first part the 

returned products are received and similar products are placed together. This part is executed 

independently from the regular flow. In the second part, the same sorter as in the regular flow (figure 5) 

sorts the products over the expedition lanes, which are assigned to the outlet stores. 

 

 

2.3 Order arrival 

 

Figure 9 shows the arrivals in number of articles per week. This is the product flow regular. On 

average 228,930 products arrive per week (in 2009). The standard deviation is 93,884. Figure 9 shows a 

strong season pattern with two seasons in a year. This can be explained by the women’s apparel market. 

The sales are higher at the start of the summer and winter. The season pattern results in a variable 

workload for the distribution centre and the distribution. The distribution centre and the distribution 

process should be able to cope with this variable workload. 
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Figure 9 Arrivals per week in 2009 

 

 

The DC should be able to process orders within 24 hours after arrival at the DC. In 2009, 22.3% of the 

arrived orders were part of a theme. A theme is a collection of products which is presented together in a 

store and therefore the stores prefer to receive all orders of the same theme in one delivery. 

 

2.4 Sorter 

 

The sorter handles 10,000 to 16,000 products per hour. This depends on the percentage of products 

which are allocated to the storage stock point. The capacity per day depends on the arrivals, the number 

of products on the receiving lanes and the starting time. Products arrive until 11:00h. If there are no 

products on the receiving lanes, the sorter has to wait for arrivals. The sorter has to stop at 17:00h, 

because the first trucks depart at 18:00h and these trucks need to be loaded. If there are enough products 

on the receiving lanes, the capacity per day depends on the starting time of the sorter. Besides the 

arrivals at the DC, the sorter sorts the replenishments and the products destined for the outlets. The 

replenishments and the outlet products cannot be sorted before 11:00h. If the sorter operates for seven 

hours, it can sort approximately 90,900 products. If the overall average thickness per product can be used, 

this is equal to approximately 1500 meter. 

 

In 2009 11,757 orders arrived at the DC. This does not include flat packed products. Of these orders 

77.3% was not part of a theme. Table 4 shows that 43.2% of these orders are sorted on the same day of 

arrival. 

 

Table 4 Sorting of orders with no theme 

Orders with no theme Total = 9086 orders 

Sorting within 24 hours 43.2% 

Sorting after 24 hours 56.8% 

 

Table 5 shows that only 19.9% of the orders with a theme are sorted on the requested day. Of these 

orders 45.4% are sorted earlier than requested and 44.7% is sorted after the requested date. Most of 

these delays are caused by a late arrival of the order at the DC. 
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Table 5 Sorting of orders with a theme 

Orders with a theme Total = 2671 orders 

Sorting date = Requested date 19.9% 

Sorting date < Requested date 45.4% 

Sorting date > Requested date  

Arrival date at DC < Requested date 

3.3% 

Sorting date > Requested date  

Arrival date at DC > Requested date 

41.4% 

 

 

2.5 Distribution 

 

Chapter one shows that STG has a dedicated fleet for ERS. This fleet contains 15 trucks. The 

distribution is executed solely for ERS. Six trucks can be used for an exchangeable trailer. STG has 13 

exchangeable trailers, which are dedicated to ERS. Figure 2 (page 9) shows three exchangeable trailers 

and one truck. The fleet has a capacity of 1500 meters. The clothes hang on bars from the left to the right. 

One bar has a length of 2.4 meters. A truck contains 30 bars. Figure 10 shows the inside of a truck. The 

blue crates for the flat packed products flow are put on the floor of the truck. ERS loads the trucks with 

the products at the DC. A route contains on average 9.33 drops. A drop is one delivery at a store. The 

trucks, which can carry exchangeable trailers, are used to execute two routes in one day. So, not all routes 

can be executed simultaneously. When the trucks return to the DC, the return product flow needs to be 

unloaded. In some cases the drivers assist in loading or unloading at the DC. 

 

 
Figure 10 Inside of a truck 

 

ERS uses predefined routes. These routes are constructed by STG and these routes only change if the 

Etam group opens (or closes) a new store. All routes start and end at the DC in Zoetermeer. There are no 

depots in the distribution structure. 

 

A structure is a set of routes which can be executed in one day. ERS uses 7 structures to get from the 

DC to the stores. For each day, at most one structure is selected.  
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Table 6 Structures 

Structure Routes Capacity 

(meters) 

Stores Duration 

(hours) 

Total frequency in 2009 

EPK 21 1500 196 200.84 131 

EP 21 1500 176 195.28 5 

EK 17 1100 131 167.65 21 

E 17 1100 111 146.79 11 

PK 13 800 85 111.71 11 

P 13 800 65 ? 0 

K 5 350 20 ? 1 

 

The structures in table 6 are based on the store type: Miss Etam (E), Promiss (P) or Outlet (K). EPK 

means that the routes consist of Miss Etam, Promiss and Outlet stores. EP means the routes consist of 

Miss Etam and Promiss stores. The volume or geographical location of a store is not considered in this 

differentiation. The differentiation is based on the type, because all stores of the same type should look 

similar and the decisions on replenishments are less difficult. The day of the last delivery is equal for all 

stores of the same type. Table 6 shows per structure: the number of routes, available capacity, number of 

stores in the routes, the total duration of executing the routes in a structure (this is measured in a period 

of six weeks) and how often a structure is used in 2009. 

 

For the measurement of the total duration of a structure, six weeks (October and November) of truck 

data is collected. Table 6 shows the average total duration per structure during this period. The structures 

P and K are not used in this period. The total time spent on distribution can be approximated with the 

following formula: 

 

���h����/
��� ≈ � ����,� ∗ ���
��

���

�

���
= 33,698.4 %����/
��� 

 ��= Total time spent on distribution per year 

N = Number of structures (7) ��= Duration of structure n ��,�= The frequency of structure n in week j 

 

The duration of the structure K is estimated on an average duration per route. In 2009 STG charged 

33,856 (+0.5%) hours for the distribution. This number of hours excludes all other activities besides the 

distribution. These activities are considered in chapter 3. 

 

The average loading percentage of the trucks in 2009 is 85.3% and the standard deviation is 13.0%. 

Figure 11 shows the loading percentage of all distribution days in 2009. A distribution day is a day on 

which a structure is executed. Table 6 shows that 2009 has 180 distribution days (sum of frequencies). 

Figure 11 shows that it is possible to load the truck for more than 100%. This is possible because of the 

compressibility of the products. Especially during the winter it is possible to put more products per meter 

than calculated with the estimated thickness.  
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Figure 11 Loading percentage in 2009 

 

 

Figure 11 doesn’t show the season pattern, because the days without a structure are not graphed in 

this figure. The trucks are dedicated to ERS. If the workload is low, the fleet (or part of the fleet) does not 

move for several days. 

One year has approximately 250 potential distribution days and each truck can execute two routes 

per day. The fleet can be used to execute 7,500 (250 x 2 x 15) routes per year. ERS used 3,548 routes in 

2009 (table 6). So the number of routes which are used is 47.3% of the total number of routes that could 

have been used with the fleet. 

 

2.6 Stores 

 

The Etam Groep has 196 stores. All stores are located in The 

Netherlands. The performance of the distribution process can be 

measured to the degree in which the requests from the stores 

are met. The quantification of these requests is difficult because 

the stores differ in several aspects and the consequences of the 

distribution process have to be compared to potential lost sales. 

The end-customer is most important for all the stores. When an 

end-customer arrives at a store, the store should look attractive 

and the store personnel should be able to give attention to this 

end-customer. Most end-customers arrive in the afternoon and 

evening. There is a strong week pattern with most of the end-

customers visits on Friday and Saturday. The outlet stores have a 

peak on Wednesday, because the discounts start on Wednesday. 

 

Each store has three stock points:  

1. The shopping floor 

2. The backroom 

3. The receiving stock point 

 

Some stores receive their deliveries at the backroom and others in the front of the store. The 

capacities of the stock points in the stores differ per store and are unknown to ERS. 

 

After the delivery, the store employees have to handle the delivery. This handling includes counting 

the products and putting them on the shopping floor or in the backroom. Before the handling, the 

delivery is at the receiving stock point in the store. In practice, this means the products are on a clothing 

Figure 12 Stores 
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rack on the place where the delivery is done (backroom or front of the store). After processing the 

product is either on the shopping floor or in the backroom and the personnel can focus on the end-

customer. The Miss Etam stores have a total capacity (shopping floor and backroom) of approximately 

1,000,000 products. Promiss stores have a total capacity (shopping floor and backroom) of approximately 

450,000 products. The receiving capacity of the stores is unknown. 

 

The stores should receive their delivery as early as possible, in order to have dealt with the delivery, 

before the end-customer arrives. Six trucks have to execute two routes. It is impossible to execute both 

routes before 9:00h or 11:00h, because the first route cannot start before 18:00h. The six routes which 

are executed secondly start at 04:00h. The nine routes, which are executed by the trucks with a fixed 

trailer, start at 02:00h. 

Table 7 is based on the 21-routes structure. For a better indication of the current situation might also 

be looked at the performance in the 17- and 13-routes structure. These performances are likely to be 

quite similar to the results in table 7. 

 

Table 7 Delivery times 

 Stores Percentage 

Delivery before 9:00 137 70% 

Delivery before 11:00 163 83% 

 

The delivery at 86 stores is also restricted to a time window. Figure 13 shows the routes on a timeline and 

the time windows of the stores. Time windows differ per region. On average, the time windows start at 

7:00h and stop at 11:00h. 

 

 
Figure 13 Time windows 
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Chapter 3 Cost of distribution 

 

This chapter describes the cost of distribution and starts (3.1) with a description of the partnership 

with STG. In the second paragraph (3.2) the total cost of distribution in 2009 is split up into four activities. 

The third (3.3) paragraph shows the different tariffs of STG. 

 

3.1 ERS-STG partnership 

 

STG is a Third Party Logistics (3PL) service provider. The businesses units Etam groep and STG 

cooperate since several decades. Both companies are or have been family businesses. STG has specialized 

itself in “dedicated distribution”. Dedicated means that a part of STG’s fleet is dedicated to ERS and is 

always available for ERS and most trucks of this part of the fleet display Miss Etam or Promiss prints.  

 

In the current situation STG charges ERS based on the hours the trucks have been used every week. 

STG has fixed tariffs for the different activities they execute. STG can change these tariffs. If STG changes 

these tariffs, they do notify ERS about these changes. The most recent change in the tariffs occurred in 

August 2009. The tariffs for the trucks with exchangeable trailers increased, because STG didn’t make 

sufficient hours with these trucks. Paragraph 3.3 will give the exact consequences of this change. At the 

end of 2007 STG invested in the exchangeable trailers. ERS adapted their processes to this innovation. 

Because of the evening routes, the processes in the DC have to stop at 17:00h. All trailers are loaded after 

17:00h. Before this innovation the loading of the trailers was executed in the morning. The advantage of 

this innovation was the fact that 2 routes can be executed by one truck and that decreases the fixed costs 

for STG. 

 

The duration of the routes is not measured or evaluated. The trucks have data recorders. STG extracts 

the information about route duration from these data recorders. This duration is multiplied by the tariff 

and that amount is charged to ERS. The STG planner checks this data roughly. The STG planner has no 

information on the volume transported to and from the stores, and therefore cannot evaluate the 

durations. ERS and STG have no agreements on the duration of the routes. 

 

Every Thursday the ERS planners notify STG about the structures ERS wants to use in the following 

week. ERS doesn’t look at the consequences of this decision for STG. STG is expected to follow up the 

orders from ERS and to have a 100% availability of trucks and drivers. 

 

The drivers use keys and security codes of the stores which are supplied at night. Both companies and 

employees need to trust each other. The drivers have a lot of knowledge about the stores. It is considered 

impossible to send a new driver alone on a route.  

 

When the workload is low, all trucks and drivers are used only once or twice a week for ERS. The 

drivers can be used in other activities besides ERS. Most trucks and exchangeable trailers display Miss 

Etam or Promiss prints. The inside of the trucks is customized for the distribution of clothes. The trucks 

have no elevator at the back, so besides the distribution of women’s apparel, they can only be used for 

dock to dock transport. 

 

Currently ERS and STG representatives meet once every two months to discuss possible innovations. 

These meetings have not resulted in new innovations since 2007. 

 

 

 



 

3.2 STG activities 

 

The total costs charged by STG in the calendar year 2009 is 

the calendar year in table 1. The Etam groe

December is an average month for the sales, the total 

total sales of the Etam groep. 

 

The total cost of distribution in 2009

1. Loading at the DC and directing the drivers (

2. Distribution (88.1%) 

3. Unloading at the DC after the route (4.

4. Extra services (3.7%) 

Total cost of distribution 

 

Figure 14 Total cost of distribution

 

 

The first part consists of the costs for the drivers of the evening routes, wh

truck. There is one driver which assigns drivers to routes and assists in the communication to and from 

the drivers. The second part is the distribution itself: driving to and from the stores and the stopping time 

at the stores. The third part is the unloading at the DC. When drivers return to the DC they assist in 

unloading the returned products. These hours have the same tariff as the hours for driving a truck. This 

tariff is significantly higher than the hours charged for “Loading at the

fourth part contains the costs for extra services like: 

1. The total inventory of a store has to be removed temporarily

2. Events like the Margriet winterfair 

3. The transport to Wehkamp (Wehkamp is an e

4. Transportation of decorative attributes

 

 

 

 

 

 

STG in the calendar year 2009 is €1,855,308,-. This differs only 0.25% with 

The Etam groep has over 300 million euro of sales per year

December is an average month for the sales, the total cost of distribution is no more than 0.

2009:  

Loading at the DC and directing the drivers (3.7%)  €      69,084.- 

    € 1,634,174.- 

at the DC after the route (4.5%)   €      83,735.- 

    €      68,315.- 

     € 1,855,308.- 

 
cost of distribution in 2009 

the costs for the drivers of the evening routes, who assist in loading the 

truck. There is one driver which assigns drivers to routes and assists in the communication to and from 

the drivers. The second part is the distribution itself: driving to and from the stores and the stopping time 

part is the unloading at the DC. When drivers return to the DC they assist in 

unloading the returned products. These hours have the same tariff as the hours for driving a truck. This 

tariff is significantly higher than the hours charged for “Loading at the DC and directing the drivers”. The 

fourth part contains the costs for extra services like:  

The total inventory of a store has to be removed temporarily 

griet winterfair  

The transport to Wehkamp (Wehkamp is an e-retailer and sells Miss Etam and Promiss products)

Transportation of decorative attributes 

Loading at the DC

Distribution

Unloading at the DC

Extra services 
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differs only 0.25% with 

per year. Assuming 

no more than 0.65% of the 

t in loading the 

truck. There is one driver which assigns drivers to routes and assists in the communication to and from 

the drivers. The second part is the distribution itself: driving to and from the stores and the stopping time 

part is the unloading at the DC. When drivers return to the DC they assist in 

unloading the returned products. These hours have the same tariff as the hours for driving a truck. This 

DC and directing the drivers”. The 

Etam and Promiss products) 
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3.3 STG tariffs 

 

This paragraph starts with an overview of the tariffs, charged by STG for the activities they execute. Then, 

the build-up of the tariff will be explained and this paragraph will conclude with an evaluation of the tariff 

change in august 2009. Table 8 shows the different tariffs and the activities which they are charged for. 

Table 8 also shows the tariffs from the past few years. 

 

Table 8 STG Tariffs 

 Truck (for an 

exchangeable 

trailer) 

Truck (with a fixed 

trailer) 

Driver before 18:00h Driver after 18:00h 

Tariff €48.89 €48.59 €27.56 €30.44 

Activities Distribution, 

Unloading at DC, 

Extra services 

Distribution, 

Unloading at DC, 

Extra services 

Loading at DC Loading at DC 

Before August 2009 €41.97 €45.76 €26.25 €29.13 

Before  August 2008 €40.91 €44.60 €25.58 €28.39 

 

The cost calculation in this paragraph is based on a detailed cost calculation provided by STG. The 

calculation splits the tariffs for the trucks in 5 parts:  

1. A compensation for fixed costs (FC) for the truck. 

2. A compensation for the variable costs (VC) for the truck. 

3. A compensation for the driver. 

4. General costs. 

5. A margin for STG. 

 

The tariffs are set by STG. STG has to estimate several parameters in order to set the tariffs. Table 8 shows 

these parameters for STG trucks, distributor X and EVO. STG uses two types of trucks and charges 

different tariffs for these trucks. Distributor X is another distributor which cooperated in this master 

thesis. The costs of distributor X are based on a regular truck of the same size. This truck is not 

appropriate for the transport of clothes on a hanger. EVO is an independent organization, which 

specialized itself in cost estimations for buyers and sellers of logistic services. EVO reported in 2009 on 

developments in The Netherlands in the costs of road transports. This paragraph will finish with a 

calculation of the total cost of distribution in 2009. The EVO costs are based on a truck with a carrying 

capacity of 9,000 kilogram and 100,000 kilometres per year. The carrying capacities of the STG trucks are 

12,400 kilogram (truck for an exchangeable trailer) and 11,000 kilogram (truck with fixed trailer).  

 

 

Table 9 Cost parameters 

Costs in 2009 STG (for an 

exchangeable 

trailer) 

Truck (with a fixed 

trailer) 

X EVO 

Fixed costs (per truck per year) €23,828.- €18,396.- €14,768.- €15,905.- 

Variable costs (per km) €0.247 €0.254 €0.3012 €0.29624 

Driver costs (per hour) €25.51 €23.4 €22 €26.98 

General costs (per truck per year) €8,238.- €5,629.- €13,200.-  

Estimated margin 6% 6% 5%  

Price (per hour) €48.89 €48.59 €48.8  

 

 



23 

 

Table 9 shows that the fixed costs per truck are higher than distributor X and EVO. The STG trucks are 

customized for the distribution of clothes. The fixed cost for the truck for an exchangeable trailer is 

significantly higher, because this includes two exchangeable trailers. Compared to two trucks with a fixed 

trailer, the truck for exchangeable trailers has a low fixed cost.  

The variable costs are lower compared to distributor X and EVO. This can be explained by the low 

weight of clothes. The volume of a full trailer contains 4.830 kilogram. This is measured on 03/08/2010. 

The maximum load of a truck of this type is 12,400 kilogram. The low weight of the volume explains lower 

fuel consumption and lower tire wear out. 

The driver costs are the largest contribution to the tariff. The differences between STG, X and EVO 

cannot be explained based on the available data. EVO doesn’t report on general costs, while STG and 

distributor X don’t give detailed information on the general costs. This is a matter of cost allocation and is 

out of scope for this master thesis. Distributor X could assign some driver costs as general costs. That 

would explain the differences in table 9. 

 

Table 10 shows the financial result generated by STG in two scenarios:  

1. The current tariffs 

2. The tariffs before august 2009 

 

Table 10 shows a calculation of the cost parameters in 2009. This calculation is based on:  

• STG uses six trucks for exchangeable trailers and nine trucks with fixed trailers. 

• In 2009 STG charged 38,819 hours, this includes distribution, unloading at the DC and extra 

services. (12/21) = 57% Of these hours are executed by trucks for exchangeable trailers, 

(9/21) = 43% of these hours are executed by trucks with fixed trailers.  

• The distance and duration are based on a measurement in October and November. This 

measurement differs 0.5% compared to the entire year. 

• The kilometres during the activity “Extra services” are unknown, therefore the same 

km/hour as in the activity distribution is assumed. This sets the total distance in 2009 to 

1,392,100 kilometre.  

 
Table 10 Margin calculation for current and old tariff 

 Current tariff Old tariff (Before 

August 2009) 

Fixed costs €308,532.- €308,532.- 

Variable costs €348,025.- €348,025.- 

Driver costs €955,391.- €955,391.- 

General costs €100,089.- €100,089.- 

Revenue €1,892,870.- €1,692,287.- 

Margin €180,833.- € -19,751.- 

Margin (%) 10.6 % -1.15 % 

 

The price per hour is increased in August 2009. Table 10 shows that with the current tariff, STG is 

making 10.6% margin on the cost of distribution. If STG would increased the tariff in august 2009, STG 

would make a negative (-1.15%) margin on ERS. STG was aware of this situation and increased the tariff.  
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Chapter 4 Redesign alternatives 

 

This chapter shows several redesign areas (4.1), which could improve the distribution process for ERS, 

based on the analysis in the second and third chapter. The potential consequences of these redesign 

areas on the cost of distribution (or the controllability of the cost of distribution) are investigated in this 

chapter (4.2 to 4.7). The final paragraph of this chapter (4.8) evaluates the redesign areas and selects one 

redesign area, which is further investigated in the next chapter. 

 

4.1 Redesign areas 

 

The previous chapters show that ERS pays a tariff per hour to STG for every hour the trucks are used. 

The total duration of the distribution per year can be estimated with the formula from paragraph 2.5. The 

total cost of distribution per year can be estimated by the following formula: 

 

&��Euro/year ≈ .̅ ∗ � ����,� × ���
��

���

�

���
 

 &� = Cost of distribution 

N  = Number of structures (7) �� = Duration of structure n ��,� = The frequency of structure n in week j .̅  = Average tariff = €48.71 

 

The formula above uses an average tariff. Table 9 (paragraph 3.3) shows that the difference between 

the two current tariffs is very small and the use of the different types of trucks is approximately equal 

(57% and 43%). The formula shows three components: the tariff, the frequency and the duration of a 

structure. The total cost of distribution is a multiplication of these three components. An evaluation of 

each component leads to several redesign areas. 

 

The tariff is estimated by STG. The influence of ERS on this tariff could be increased, if the partnership 

is redesigned. The arrangements on the tariff are part of a partnership design. In the current partnership, 

STG estimates the tariff. The build-up of the tariff is shown in chapter 3 and contains a compensation for 

the fixed costs of the trucks. The analysis shows that the usage of the fleet is low (47.3%). Therefore it 

might be beneficial to share the fleet with another partner. Paragraph 4.2 gives the cost of distribution in 

a scenario with a shared fleet. The partnership is evaluated in paragraph 4.7. 

 

The frequency is estimated by ERS. An ERS planner decides which structures are used during a week. 

The formula above shows that the cost of distribution decreases, if the frequency decreases. The 

frequency has an effect on the duration and is limited due to commercial and practical constraints.  

Currently the frequency of all stores of the same type (Miss Etam, Promiss or Outlet) is equal, 

independently of the sales or geographic location of a store. The Etam groep handles the variable 

workload with a variable frequency. If the frequency is indeed an important factor for the cost of 

distribution, one could consider differentiating the frequency of stores of the same type and one could 

consider using the volume per drop to cope with the variable workload. Paragraph 4.3 tests the influence 

of the frequency on the duration and the cost of distribution per year. This paragraph also considers the 

commercial and practical constraints to the delivery frequency and tests two scenarios: first a scenario 

with an extremely low frequency and second a scenario with an extremely high frequency. 
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The duration depends on the current distribution structures and the performance of the drivers. All 

routes start and end at the DC. The distribution is executed exclusively for ERS, so there is no 

consolidation with other logistic processes. This creates three potential redesign areas: transhipments, 

consolidation and performance measurement. In transhipments the products are shipped to depots and 

the distribution is executed from these depots. The transhipments can be executed more efficiently than 

the distribution, because transhipments can contain more products per shipments and are not restricted 

to time windows. Transhipments could reduce the duration of a structure.  

There is a potential benefit in combining logistic processes. Consolidation is combining logistic 

movements to gain overall efficiency. Consolidation can be applied on several places in the process and 

could reduce the duration of a structure. Paragraph 4.5 tests several scenarios in which consolidation is 

used.  

The analysis shows there is no performance measurement on the drivers. ERS has no control over the 

duration of the routes. The duration of the routes is linear related to the cost of distribution. Performance 

measurement could be executed on both driving time and stopping time. Paragraph 4.6 calculates the 

cost of distribution if the drivers would drive perfectly on schedule. This does not include a measurement 

of stopping time. The model in chapter 3 shows that there are probably several other factors that 

influence the stopping time. This might be the driver, but this cannot be validated based on the current 

analysis.  

 

This paragraph mentions five redesign areas; these five redesign areas will be further investigated in 

paragraph 4.2 to 4.7: 

 

1. Share the fleet    (4.2) 

2. Delivery frequency  (4.3) 

3. Transhipments   (4.4) 

4. Consolidation   (4.5) 

5. Performance measurement  (4.6) 

6. The partnership   (4.7) 

 

4.2 Share the fleet 

 

The six trucks with exchangeable trailers are used for two shifts per day, if the workload is high. The 

nine remaining trucks are used for at most one shift a day. The only restriction is that these trucks are 

available to ERS at night and in the morning. If ERS or STG could find a partner who can use these nine 

trucks in the afternoon and/or evening, they could share the fixed costs of these trucks. In this scenario it 

is assumed that if STG saves costs, the tariff will be recalculated. 

 

Scenario A: Share the fleet 

In this scenario STG shares these trucks with a partner and it saves 50% of the fixed costs of these 

trucks. This partner is willing to invest in trucks, if the trucks need to be adjusted, and uses the trucks in 

the afternoon and evening. Paragraph 3.3 shows that these fixed costs are €18,396.- per truck per year. If 

the partner uses nine trucks, the saving is € 82,782.- per year. 

 

Investment: 

The trucks might need to be adjusted, because they can only be used for dock-to-dock transport and 

clothes transport. This is investment will be paid by the new partner. 

 

Consequences: 

These trucks cannot be loaded by the expedition production unit at 18:00h, but need to be loaded 

just before the start of their route.  
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In this scenario ERS uses 67.6% of the possible shifts per year. 

The analysis shows that the evening routes restrict the flexibility of the distribution centre. If a 

partner could use more than 9 trucks in the afternoon and evening, ERS could consider to use no evening 

routes. 

 

4.3 Delivery frequency 

 

According to the formula in the beginning of this chapter, a lower delivery frequency causes lower 

cost of distribution. Unfortunately the delivery frequency is limited to several constraints and the 

relationship to the cost of distribution depends on several other factors. 

 

If the volume per year is equal and the delivery frequency decreases, the volume per drop will be 

higher, so the receiving capacity should increase. If the frequency decreases, the duration of the routes is 

likely to change as well. If the volume per drop is higher, one route will contain fewer drops and the 

stopping time at a store will increase. A decrease of the delivery frequency will probably decrease the cost 

of distribution. A decrease in delivery frequency has an effect on several aspects and therefore the effect 

on the cost of distribution is hard to estimate. This paragraph will firstly mention the constraints to the 

delivery frequency, secondly it will model the consequences of changes in the delivery frequency and 

thirdly it gives two scenarios with extreme frequency settings. 

 

Commercial constraints: throughput, replenishments and themes/folders  

Practical constraints: DC stock points, the receiving capacity of the stores and clustering 

 

Throughput: The Etam groep wants to be able to distribute the orders within 24 hours after arrival at 

the DC. The analysis shows this is only the case in 43% of the order without a theme in 2009.  

 

Replenishments: The allocation department should be able to execute the replenishments. 

 

Themes/folders: Orders which are related to a theme or folder should go to the stores at the 

requested date. 

 

DC stock points: The stock points at the DC are limited. 

 

Receiving capacity: The stores are limited in the number of products they can receive in one delivery. 

 

Clustering: The current clustering is limited to three clusters (E, P and K). If this changes, several 

processes in the DC will be disrupted: The return flow, loading the truck, communication to the stores 

about the deliveries, the internal email and the replenishment process. 

 

The analysis shows the influence of delivery frequency on the cost of distribution. A large part of the 

stopping time is fixed. For every delivery this fixed time will be paid. The driving time depends on the 

number of stops per route. The issue on delivery frequency is very complex because it has consequences 

on both the routing problem and the inventory problem.  
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Daganzo (2004) describes a model which accounts for the various costs arising from a logistic 

operation. The model approximates fixed costs (cf) and variable costs (cv) as linear increasing functions of 

distance, d: 12 = 13 + 15 × 6     and    17 = 1′3 + 1′5 × 6 

 

In a single origin (DC) and a single destination (store), the total costs for n shipments (Cn) totalling V 

items are approximated by the following formula: 

 &� ≈ 138 + 1586 + 1′39 + 1′596 

 

The first constant cs is the cost attributable to each trip, regardless of distance or shipment 

composition. This is the costs for stopping. The second constant cd is the cost attributable to each 

incremental vehicle mile. It is the costs for each kilometer travelled, regardless of the contents. The third 

constant c’s represents the added stopping costs per item. The fourth constant is the cost attributable to 

each incremental item-mile. The fourth term is considered to be very small and therefore it is often 

ignored. 

 

Daganzo (2004) modifies the formula above for the situation with one origin (DC) and multiple 

destinations (stores), ns: &� ≈ 13�1 + 838 + 1586 + 1′39 

 

 

A regression analysis is executed 15 measurements in 6 weeks. All 15 measurements consider a EPK 

structure. The average sum of stopping time is 84,57 hours and a has standard deviation of 5,7 hours. The 

following model predicts 25,8% of the variation.  

 

� �3,;
�<=

;��
= 50,745 + 0,0231 × 9    ��� B C {EFG} 

 

This analysis is restricted to V [1140; 1500 meter]. The results suggest there is a fixed stopping time. 

Still this doesn’t prove there is a fixed stopping time per stop. The measurements during this period are 

also shown in table 11. 

 

Table 11 

Structure Stops Average stopping time Number of 

measurements 

V (meters) 

EPK 196 84.57 15 1335 

EP 176 79.44 1 1290 

EK 131 60.44 4 968 

E 111 45.21 1 572 

 

The results in table 11 clearly indicate there is a fixed stopping time per stop.  

 

If n=EPK then ∑ �23,;�<=;�� = 50,745hours 

 �73=0,0231 hour/meter 
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This paragraph will now show two scenarios with extreme delivery frequency settings. The first is a 

Full-Truck-Load scenario. ERS would wait until one store has one full truck load waiting at the DC. The 

truck will always be full and it will have only one store on its route. The second is an Every-Day-Delivery 

scenario. Every store will be supplied five days per week, all year long. 

 

 

Scenario B: Full truck load 

ERS would wait until one store has one full truck load waiting at the DC. The truck will always be full 

and it will have only one store on its route. This is a lower and upper bound to the number of stops. We 

will have to assume that this scenario has no consequences for the sales. This assumption is very unlikely. 

The price per hour per truck remains the same. Driving times are calculated by an online application of 

PTV Benelux and is based on the same velocity (km/hour) setting as in the model in chapter 5. The 

calculation assumes the fixed stopping time is equal for all stores. The calculation also assumes all 

products have the same thickness (0.0165 meter). 

 

For the calculation of the cost of distribution the notation in paragraph 3.2 is used. This scenario has 

196 structures, so N = 196. 

 

Cost of distribution in 2009 (week 1 to 53): 

&��Euro/year ≈ .̅ ∗ � ����,� × ���
��

���

�

���
 

 

� �;,�
��

���
=  ∑ J;,�������&  

 

�23,� = ∑ �23,;�<=;��196 = 50,745196  

 �K = �J& �� 8 + �8 �� J& 

 

 

TC = Truck Capacity (72 meters) J;,�  = Demand of store “i” in week “j” (in meters). This data is provided by ERS. 

 &��Euro/year ≈ €850.346, − 

 

Investments: 

All stores should be able to receive one full-truck-load. The receiving capacity should increase for all 

stores. The expedition lanes at the DC should be able to store one full-truck-load for each store. The costs 

of these investments are not approximated, because they can be considered enormous and this scenario 

is not realistic. 

 

Consequences: 

It is unlikely that the tariff and the volume will remain the same in this scenario. This scenario will 

have very negative consequences for the commercial constraints. 

 

 

Scenario C: Every day delivery 
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All stores will be delivered 5 times a week, all year long. This scenario has only one structure. The 

calculation assumes 2009 has 250 production days. The total volume is constant. The volume per 

structure decreases. 

 

The analysis shows that �K=116.27 hours in the EPK structure. 

 

&��Euro/year ≈ .̅ ∗ � ����,� × ���
��

���

�

���
 

 

� �;,�
��

���
=  250, ��� �NN B 

 &��Euro/year ≈ €2.342.863, − 

 

This scenario doesn’t require any investments. 

 

Consequences: 

ERS can deliver much more service to the stores. The tariff can probably decrease. 

 

 

4.4 Transhipments 

 

Currently all stores are supplied directly from the DC. In transhipments the products are shipped to 

depots and the distribution is executed from these depots. The transhipments can be executed more 

efficiently compared to the distribution, because transhipments can contain more products per shipments 

and are not restricted to time windows. Transhipments could reduce the duration of a structure. This 

paragraph estimates the cost of distribution in 2 scenarios with transhipments.  

 

If ERS wants to use transhipments, ERS should cross dock the products somewhere. Currently the 

products are put in the trucks manually. The drivers take the products manually out of the truck at the 

stores and they put the products on clothing racks. The store employees take the products from these 

clothing racks, when the delivery is handled. These three activities are labour-intensive and therefore 

expensive. Cross docking and using the current type of handling would be even more expensive, because 

at least two activities of the same cost would be added to the process at the cross docking depot. 

 

The type of handling can be changed in the scope of this project. A new type of handling has to be 

assumed. This is a new handling system with a clothing rack. The products are put on this clothing rack 

and stays on the same clothing rack until it is handled in the store. These clothing racks are used in 

scenario E. 

It is possible to use transhipments without changing the type of handling. Entire trailers could be 

transported to the depot and there the other distributor could take over. This is evaluated in scenario D.  

 

Scenario D: Transhipments with the same type of handling 

 

This scenario assumes three depots: Best, Meppel and Arnhem. Best is used for 4 routes, the other 

for two routes. After the trailers are loaded at 18:00, two trucks with two trailers each (one on a hanger) 

drive to the depots. The current trucks are capable of pulling two trailers. One full trailer weights 4,830 

kilogram. The maximum load of a truck of this type is 12,400 kilogram. The calculation assumes the 
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variable costs and velocity of the trucks are the same (independent of the number of trailers). It takes 15 

minutes to exchange one trailer. The trucks with a hanger start at the depots. 

 

∆&� = .̅ ∗ � � �;,� × ∆��
��

���
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;��
 

 

The start and the end of all routes are known, so the distance saved per depot can be estimated. This 

is done in all 7 the structures. In this situation 13.93% of the travelled distance in 2009 will be saved and 

15 minutes per extra trailer exchange is added. If travel distance and travel time are linear related, this 

results in a saving of €119,204.- per year. 

 

Investment: 

In this scenario 2 hangers need to be acquired. According to a STG report, this investment is €40,000.-

.  

Consequences: 

The return stream of products is delayed and disrupted, because the trailers will stay at the depots 

until the next delivery. 

 

Scenario E: Transhipments with the new type of handling 

 

If this concept would be implemented, the choice of this clothing rack is a very important issue.  

• How to store the empty clothing racks in the stores? 

• How to secure the clothing racks in the truck? 

• Should the clothing racks be sealed? 

• What size should the clothing racks have? 

• How to handle the flat packed products flow? 

• How will the trucks be loaded/unloaded at the DC? 

• What will be the variable stopping time at the stores? 

 

In this scenario we have 4 extra distributors, besides STG, on the following locations in the 

Netherlands: (Zaandam, Hoogeveen, Houten and Eindhoven). The Netherlands is divided in 5 areas. Each 

distributor will supply the stores in their own area. The shipments from the DC in Zoetermeer to the 

depots (transhipments) will be executed in the evening by large trucks. The volume per day is exactly the 

same as in the current situation. Distributor X is located in Zaandam and has cooperated in the evaluation 

of this scenario. This distributor has calculated the required time to execute the distribution of his area. 

 

Assumptions: 

• The costs for loading the truck at the DC remain the same. 

• Cross docking at the depots takes 30 minutes. 

• The costs for handling in the stores remain the same. 

• Stopping time at the stores in this scenario has no variable stopping time, just the fixed 

stopping time. 

• The area around Zaandam is comparable for the rest of the Netherlands. 

• All trucks have the same tariff. 

 

The cost of distribution in this scenario is calculated with the same formula as scenario D: 
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The duration of the distribution process decreases with 19.58%. The investment in clothing racks 

equals €253,525.- (394 clothing racks and €643,- per clothing rack). The clothing racks have a length of 1.8 

meter, a width of 0.6 meter and contain two layers of clothes. The price per clothing rack is estimated by 

comparable racks (size and loading capacity) in a brochure of a reseller of handling equipment. 

4.5 Consolidation 

 

The distribution process is executed exclusively for ERS. As mentioned before, there is a potential 

benefit in combining logistic processes. Consolidation is combining logistic operations to gain overall 

efficiency. Consolidation can be applied on several places in the process. 

• Total consolidation 

• Depots 

• Return process 

 

Total consolidation 

Consolidating the entire process, would include that the Etam Groep would share a distribution 

centre with other business units. One could say that currently the distribution process of Miss Etam and 

Promiss are consolidated. Total consolidation could reduce the cost of distribution. Sharing a distribution 

centre with another business unit is currently not an option because this would have enormous 

commercial consequences. 

Besides sharing a distribution centre, total consolidation can also be applied by loading the trailer 

together. One could consider consolidating at the expedition production unit. ERS fills the truck for 50% 

and so does a partner. Currently the products can only leave the truck in the reverse order in which they 

entered the truck. This is not true if ERS would simply build a door in the front of the trailer. This would 

allow ERS to load the truck at two different DC’s. Sharing a distribution centre or loading at two DC’s 

(close to each other), would have the same consequences for the cost of distribution. The scenario E “2 

party consolidation” approximates the costs of a situation where ERS distributes together with a similar 

partner close to Zoetermeer. 

 

Depots 

The distribution process could be redesigned with transhipments to one or more depots in the 

Netherlands. The distribution to the stores is either from the DC in Zoetermeer or from one of these 

depots. Scenario E approximates a situation with 4 depots. At these depots the clothing racks are 

consolidated with the product flows of these distributors. 

One special kind of transhipments is “city distribution”. The idea behind this concept is that every 

major city has one depot on a strategic location: close to the city centre and reachable with large trucks. 

City distribution is consolidation on a late moment in the distribution process. The cost of distribution, in a 

scenario with city distribution, is not approximated. 

 

Return process 

When trucks return to the DC they are loaded with empty hangers, empty blue crates and the return 

product flow. These trucks are not fully loaded, so one could try to consolidate this process with another 

process. Finding a partner for this option would be difficult, because ERS has a fluctuating workload, ERS is 

hard to predict and the truck can only be used for dock-to-dock transport. Scenario F approximates the 

cost of distribution with a consolidated return process. 

 

 

Scenario F: 2 party consolidation 

In this scenario ERS has to find a partner, which is similar to ERS. The partner has a DC close to 

Zoetermeer, this distance is neglect able. The partner has the same, or close to the same, number of 
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stores in the same city centres. The partner has the same type of handling (on a hanger). ERS and this 

partner could combine their routing problems. For example ERS distributes to all stores in the North of 

the Netherlands and the partner for the remaining stores. All trucks would be loaded at both the ERS DC 

and the partner’s DC. 

 

According to Daganzo(2005) the tour distance consists of two parts:  

1. From the DC to the route and from the route to the DC.  

2. Distance between the stores on the route. 

The first term depends on the distance between the DC and the routes. This can be approximated by 

2*�̅. � P= the average distance between DC and stores. The second term depends on the density (stores 

per square kilometre), the number of stores in the route and k. “k” is a dimensionless constant that 

depends on the metric. In this scenario the second term decreases with 50%, because the stores of the 

partner are also located in city centres. The driving distance could decrease 20.5%. If driving time and 

distance are linear related, the cost of distribution would have been decreased with €200,548.- in 2009.  

 

Investment: 

The trailers need an entrance in the front. The required investment in this scenario is €94,374.- for 

the door and stairs. This investment is estimated by a trailer constructor in Zoetermeer (Lamboo). 

 

Consequences: 

It is very unlikely that this partner has a different season pattern, because both concerns apparel. The 

door in the front of the truck will lead to a loss of capacity (4 bars).  

 

Scenario G: Return process consolidation 

 

This scenario assumes a partner with a product flow from multiple places in The Netherlands to 

Zoetermeer or close to Zoetermeer. This is a pick-up process instead of a delivery process. The model of 

Daganzo (2005) uses � P  to estimate the distance of the first part of the model in scenario E. If 

consolidating the return process would decrease 50% of the cost of driving from the route to the DC, the 

cost of distribution would decrease with €143,955.-. 

 

 

4.6 Performance measurement 

 

The activity distribution can be divided into driving and stopping time. Both can be measured and 

compared to benchmarks. The predictability of the model for the stopping time in the analysis is low. The 

number of measurements is low and probably there are other factors influencing the stopping time. For 

now it is impossible to estimate the potential decrease in stopping time if this would be measured. If 

stopping time would be used as a performance measurement, one should consider the volume to be an 

important factor on the stopping time. 

 

Scenario H: Performance measurement 

 

The travel time can be compared to the PTV data. Table 12 shows the percentage of the distance that 

could have been saved by a perfect route (PTV). The structure that is used most frequent performs best.  

 

In total ERS could have saved 4.19% of the distance travelled. If distance and travel time are linear 

related, this equals to a saving of 4.19% of the travel time. This is a saving of €40,319.- Euro.  
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Table 12 Extra kilometres by STG drivers 

Structure Extra kilometres 

EPK 2.98% 

EP 8.55% 

EK 8.39% 

E 5.50% 

PK 8.75% 

 

Investment: 

The investment of this scenario is 15 navigation devices. One standard TomTom device can be 

ordered for €100.- (tax free). ERS or STG could consider to invest in navigation systems which have the 

departments and routes pre-programmed. These are probably more expensive, so the investments are 

approximately €3,000.-. 

 

Consequences: 

Driving exactly 0% extra kilometres is difficult. One should always take into account a small 

percentage of extra kilometres. 

 

 

 

4.7 The partnership 

 

Currently there is no contract or service level agreement between ERS and STG. A different 

arrangement between ERS and STG might increase the controllability of the cost of distribution. This 

redesign area will not be investigated as a scenario, because it has no direct influence on the cost of 

distribution. This paragraph contains a diagnosis of the partnership between ERS and STG. In this 

diagnosis two studies are selected which will be used to diagnose the ERS and STG case. The selection of 

the paper is done based on three criteria: applicability, generalization and year of publishing. The paper 

should reflect a situation which is comparable to the ERS/STG partnership. The paper should be based on 

a large number of partnerships, not just a few partnerships. The study should be published recently. Older 

studies could be appropriate, although the 3PL market and literature is developing rapidly. Most of the 

literature on 3PL in recent years is focused on the identifying and measuring the performance criteria. The 

3PL market and the appliance of performance measurement are still growing.  

The paper is selected out of a large pool of studies about 3PL and alliances. This pool is created by a 

search in the available databases at the Technical University of Eindhoven. In this search the following 

keywords are used: 3PL, TPL, distribution, logistic alliances, alliances, fashion and dedicated distribution. 

All articles found with these keywords and combinations of these keywords were evaluated based on the 

three criteria mentioned above. If a paper performed well on the three criteria, it was added to the pool. 

The selection of the articles out of the pool is executed based on the request that the article should 

should score well on all criteria. 

 

Halldorsson and Skjott-Larsen (2004) is selected, because it scores very well on the first criteria. The 

score on the second criteria is not bad at all, because Haroldsson’s work is based on empirical materials 

collected over several years from contacts with shippers and TPL professionals in research projects and at 

conferences. The work of Halldorsson is based mainly on Danisch 3PL situations. Halldorsson mentions 

the main difference between Danisch 3PL situation and world-wide 3PL situations is that Danisch 

companies tend to longer partnerships. This doesn’t make the work less applicable. 

The first paragraph of this chapter will describe the current partnership. The second paragraph will be 

a diagnosis of the partnership with the model of Haroldsson. A diagnosis is a confrontation between 

theoretical perspectives and the subject of analyses. A diagnosis can take several forms. One form is that 
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theory and practice are compared. The confrontation may also mean that the current situation is 

interpreted using theoretical concepts or evaluated from a theoretical perspective. Both forms of 

confrontation will be used in this chapter.  

 

Halldorsson and Skjoett-Larsen (2004) propose typology different types of TPL relationships, as 

illustrated in Figure 15. Halldorsson and Skjoett-Larsen (2004) applied a ‘resource and competence based’ 

framework. Their objective is to develop an alternative typology of third party logistics (TPL) relationships 

to allow us to use TPL not only to exploit competencies, but also to encourage competence development 

in the dyadic relationship between logistics providers and their customers. The theoretical approach is the 

resource and competence-based view of the firm. This paragraph will summarize the main findings of 

Halldorsson and Skjoett-Larsen (2004) and then apply these findings to describe the partnership of ERS 

and STG. 

 

At the lowest level of collaboration (see figure 15) are the shippers who buy transport and logistics 

services on the “spot market”. The relations between the logistics service providers and their clients are 

short-term and adversarial. The focus is on prices. At the next level, customized logistics solutions, the 

logistics service provider offers a broad range of standard services from which the customer can select a 

“package” of modules. At the third level, joint logistics solutions, the shipper and the logistics service 

provider jointly develop a logistics solution that is unique for the particular TPL relationship. The shipper 

and the TPL provider look at the collaboration as a win-win relationship. They have long-term 

expectations and are willing to share information and solve problems jointly. The asset specificity is 

medium/high – often involving human assets (e.g. knowledge and experience transformation, exchange 

of personnel) and physical assets (e.g. information technology and warehouse facilities). The TPL 

provider’s competencies are complementary to the shipper’s core competencies. The fourth stage is in-

house logistics solutions. Here, logistics is seen as a core skill in the company and the asset specificity is 

normally high, e.g. in terms of dedicated assets or specialized know-how among the staff. This is in 

accordance with the transaction costs theory, which recommends hierarchy as the most efficient 

governance structure in situations with high asset specificity. But it also applies to the competence 

theory, which recommends keeping core competencies in-house and outsourcing non-core competencies. 

 
Figure 15 classification of 3PL relations by Haldorsson et al. (2004) 

 

According to the resource-based perspective, the entity of the firm is seen as a “collection of 

productive resources”. The competence-based approach (CBA) derived from the resource-based 

perspective (RBP) implies that focus on competition is no longer the short-term aim of the company’s 

price and performance policy for current products. Long-term competitiveness is rather associated with 

building core competencies at a lower cost and faster pace than competitors. 
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Halldorsson and Skjoett-Larsen (2004) conclude that it is important to decide what the objective for a 

3PL relation is:  

“Obtain higher cost efficiency and/or immediate service improvements” or  

“A strategic decision to focus on the company’s own core competencies and acquire or develop 

complementary competencies” 

The type of TPL arrangement that is most appropriate for the objective of the outsourcing. If the 

outsourcing company primarily is looking for cost savings and/or service improvements, a customised 

logistics solution will probably satisfy the objective. However, if the company wants to develop a new 

competence configuration in the TPL relationship, a joint logistics solution might be preferable. 

 

The objective of the current partnership of ERS and STG is a strategic decision to focus on the 

company’s own core competencies and acquire or develop complementary competencies. The 

exchangeable trailers, bought in 2007, are specially designed for ERS. This accounts for the inside of the 

trailer, as well as the prints on the trailer. According to the model of Haroldsson a “joint logistics solution” 

arrangement is preferable in this situation. The current arrangement is a market situation. STG decides 

the level of the tariffs. ERS decides whether or not to use the services of STG. 

 

The model of Harraldsson is based on resources and competences based view of the companies. As 

mentioned in chapter 4, STG executes 4 activities for ERS: 

1. The loading of the truck. This is a competence is shared by both ERS and STG.  

2. The distribution. Many stores are supplied when there are no store personnel in the store. STG 

drivers know security codes and store specific information. This competence is not available to 

ERS. Haraldsson warns for a lock-in situation when the outsourcing company has no competence 

in the outsourced activities. This store specific information is not documented by ERS. 

3. Unloading of the truck. This competence is shared by both ERS and STG.  

4. Extra services. This competence is owned by STG. This competence is a standard skill, so it can be 

ignored. 

 

Based on the work of Haroldsson, the partnership is a market situation arrangement instead of a joint 

logistic solution arrangement. The market situation arrangement is blocking this competence 

development. The arrangement between ERS and STG has a short term focus, while the situation requests 

for a long term arrangement. The tariff raise in august 2009 (paragraph 3.3) is result of this wrong 

arrangement. There are no agreements on the hours ERS buys from STG and STG estimates the tariff. 

 

The cost of distribution is uncontrollable, because the arrangement between ERS and STG does not fit 

with the partnership. The cost of distribution for ERS can be expressed in a multiplication of three factors: 

the frequency of each structure, the duration per structure and the tariff charged by STG. ERS controls the 

frequency each structure is used. ERS has no control over the duration per structure, because there are is 

no performance measurement or performance agreement. The tariff is also not under control of ERS. The 

model of Halldorson et al. (2004) explains this lack of control. According to the model of Halldorson et al. 

(2004) ERS and STG have a joint logistic solution. The arrangement between ERS and STG is based on 

market exchanges. The buyer requests for a service and the provider estimates the duration and tariff. An 

arrangement that would fit the partnership is an arrangement with performance agreements on the 

duration and agreements on the tariff. STG determines their tariff on the costs they are making for 

delivering the services of ERS. These costs depend on the number of drops and the volume. 
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4.8 Evaluation of redesign areas 

 

In this chapter the costs of eight scenarios will be evaluated. These scenarios are based on the 

redesign areas in the previous chapter.  

Table 13 shows the scenarios, the redesign areas they belong to, the cost of distribution in 2009 and 

the difference compared to the current situation. 

 

Table 13 Scenarios 

Scenario Cost of this 

scenario 

Compared to 

reality  

Investment* 

                Reality €1,641,449.- - - 

a) Share fleet with different partners €1,558,667.- -5.0% €0.- 

b) Full-Truck-Load €850,346.- -48.2% +++++ 

c) Every-Day-Delivery €2,342,863.- +42.7% €0.- 

d) Transhipments with same type of handling €1,522,245.- -7.3% €40,000.- 

e) Transhipments with new type of handling €1,320,119.- -19.6% €253,525.- 

f) 2-party consolidation €1,440,901.- -12.2% €94,374.- 

g) Return process consolidation €1,497,494.- -8.8% €143,955.-. 

h) Performance Measurement €1,601,130.- -4.2% €3,000.-. 

 

*One investment is not estimated quantitatively. This scenario is unrealistic. Scenario B and C represent 

the influence of the delivery frequency. 

 

Sharing the fleet reduces the cost of distribution with 5.0%. This calculation doesn’t account for the 

investment in the trucks. It might be necessary to put other prints on the truck or elevators at the back of 

the truck. Currently the trucks are only applicable for dock to dock transport or clothes transport. If ERS 

could find a partner which could use more than nine trucks in afternoon and evening, it might be 

worthwhile to quit the evening routes. The analysis shows that the evening routes are restricting the DC 

capacity. 

 

The Full-Truck-Load and Every-Day-Delivery scenarios are not realistic. In the Full-Truck-Load 

scenario, STG would probably increase the tariff and the volume is probably lower, because of less sales. 

Besides the tariff and volume, the stock points in the DC are insufficient. The investment in larger stock 

points in the DC is not included in table 13. In the Every-Day-Delivery scenario, the tariff can probably 

decrease and dynamic planning of the routes would probably decrease the duration. The two scenarios do 

show the possibilities of changing the delivery frequency. This is confirmed by the cost model in chapter 3. 

The delivery frequency has a proportional influence on the cost of distribution per year. 

 

Performance measurement could decrease the duration of the routes. If the drivers would drive no 

extra kilometres, the cost of distribution would decrease with 4.2%. This calculation does not include a 

potential decrease in stopping times. Measuring and evaluating the stopping time is difficult. The analysis 

shows that the stopping time depends on the volume and store differences. 

 

Transhipments with the same handling reduce the cost of distribution with 7.3%. This scenario uses 

multiple distributors with the current tariff. The transhipments with the new type of handling saves 19.6% 

of the cost of distribution. The saving is caused by less distance travelled and less stopping time. The 

clothing racks have no variable stopping time at the stores. The investment is high, though it is 

worthwhile with a 19.6% decrease of the cost of distribution. 

 

2 Party consolidation saves 12.2% of the cost of distribution. This scenario uses a potential partner 

with the same stores and its DC is close to Zoetermeer. The costs saving of 2 party consolidation depends 
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on the partner which is selected. Return process consolidation saves 8.8% of the cost of distribution. This 

scenario is also based on a potential partner, who could use the capacity of STG truck driving back to 

Zoetermeer and is willing to pay 50% of the costs. This partner has to accept the variable frequency of 

driving of ERS. 

 

The delivery frequency is further investigated in chapter 5. The Full Truck Load scenario does show 

the effect of a lower delivery frequency on the cost of distribution. There are no commercial constraints 

which request a high delivery frequency. The replenishments require two deliveries per week and the 

current throughput within 24 hours is 43.2%. 

The receiving capacity is a practical limit to the delivery frequency. The analysis shows that this 

receiving capacity is hard to estimate. Chapter 5 shows how the cost of distribution decreases if the 

receiving capacity is increased. 

 

The redesign area on the structure is evaluated with two scenarios. The first gives a cost reduction of 

7.3%. The consequences of this scenario are the investments, the delay of the return product flow and 

new distributors. The drivers of the new distributors need to be trained. The partnership with STG doesn’t 

have to be saved at all cost, although it won’t be stopped for a small cost saving. The second scenario with 

a different structure saves 19.6%. This is significantly higher than the first scenario. Although this scenario 

requires an investment, the cost of this investment can be regained in just a few years. Thus it doesn’t 

make the scenario less interesting. The exact cost reduction, the investment and other consequences (see 

paragraph 4.4) depend on the choice of the clothing rack. This redesign area is not further investigated in 

this master thesis, because the delivery frequency shows a comparable cost reduction potential and 

doesn’t need a direct investment (maybe the receiving capacity). This doesn’t mean that it is not 

interesting for ERS to investigate this option and maybe start a pilot. 

 

Sharing the fleet and consolidation do have several interesting scenarios. The success of these 

scenarios does depend on the assumptions about the partners. The two redesign areas are not further 

investigated in this master thesis, because these scenarios require a partner. This master thesis is 

explorative and it does show the potentials of sharing the fleet and consolidation. 

 

The partnership shows a potential benefit in the controllability of the cost of distribution. The 

controllability could be increased if the arrangement with STG changed. This is not further investigated in 

this master thesis, because an investigation on the delivery frequency has more potential benefit for ERS. 
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Chapter 5 Redesign of delivery frequency 

 

Paragraph 3 of the previous chapter shows a potential inefficiency in the clustering and the delivery 

frequency. The paragraph also explains the complexity of this issue. The delivery frequency has several 

constraints and is related to multiple components of the cost of distribution. 

This chapter contains a simulation, which tests different sets of clusters with different receiving 

capacities compared to the current situation. Paragraph 5.1 shows how the delivery frequency is currently 

estimated. Deciding which store to supply on which day with what quantity is known as a Periodic 

Inventory Routing Problem (PIRP) in literature. Paragraph 5.2 gives a literature background on the PIRP 

and explains why the decision on delivery frequency at ERS is a PIRP. Paragraph 5.3 gives a description of 

the model which is used in the simulation. The verification and validation of this model are given in 

paragraph 5.4 and 5.5. Paragraph 5.6 gives the simulation settings and the results are presented and 

discussed in paragraph 5.7. 

 

5.1 Current frequency setting 

 

In this decision the planner selects a structure for each day of the next week. Table 14 shows a 

possible result of such a decision. In this week, there would be no distribution on Monday and 

Wednesday. On Tuesday the structure EP is used, on Thursday the structure E is used and on Friday the 

structure EPK is used. 

 

Table 14 Delivery schedule 

Cluster   \   Day Monday Tuesday Wednesday Thursday Friday 

Miss Etam 0 1 0 1 1 

Promiss 0 1 0 0 1 

Outlet 0 0 0 0 1 

 

The ERS planner decides which structure to use each day. The decision on this level has direct 

consequences on the product flows and the costs. The task of the planner is to meet all commercial 

constraints and minimize the left over for the next week, without using a low loading percentage. “Left 

over” are those orders which were not distributed in the week before. A low loading percentage is related 

to the cost of distribution. If the loading percentage is low, it takes more hours to distribute the same 

volume. 

 

A structure is a set of at least one cluster. A cluster is a set of stores which always have their delivery 

on the same day. All stores in the same cluster have an equal delivery frequency. Currently there are 

three clusters (E, P and K).  

 

N = Number of clusters 

M = Number of structures 

 Q = 2� − 1 

 

The clustering gives the possible structures which can be used on a certain day. In the current 

situation, there are 7 structures. So a column in table 14 has 8 possible options (no structure is also an 

option). For each structure the capacity is known. The capacity is fixed, because STG uses fixed routes. If a 

structure contains multiple clusters, these clusters have to share the capacity. A row in table 14 

represents when one cluster will be delivered. The available capacity is determined by the structures on 

these days. 
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Currently the number of clusters is restricted to 3. To allow an infinite number of clusters would 

disrupt the processes of the allocation, the replenishments and the DC. Therefore this chapter 

investigates a maximum of 6 clusters, instead of 3. 6 clusters is acceptable for the business units, if the 

cost saving is significant. Of course an infinite number of clusters would also be acceptable, if the cost 

saving is significant. The main focus of this master thesis is explorative, so with the model will test the cost 

savings with 6 clusters. The discussion in the final paragraph of this chapter gives the processes of the 

allocation, the replenishments and the DC, which would be disrupted. 

 

5.2 Literature background 

 

Optimizing a delivery schedule like table 14 is a PIRP. This paragraph explains what a PIRP is and why 

the decision on the delivery schedule at ERS is a PIRP. This paragraph also shows several solution 

approaches for the PIRP.  

 

The ERS problem considers one week, therefore the problem is periodic. The IRP arises where a 

vendor-managed resupply policy (VMR) is being used. Vendor-managed resupply, or vendor-managed 

inventory, refers to an agreement between a vendor and his customers in which the customers allow the 

vendor to choose the timing and size of their deliveries. In exchange for this freedom, the vendor agrees 

to ensure that the customers do not run out of product (Campbell et al. 2004). Three decisions have to be 

made in the IRP decisions: 

1. when to serve a customer 

2. how much to deliver to a customer when served 

3. which delivery routes to use 

 

The ERS problem contains all three of these decisions. The allocation department is responsible for 

the inventory levels at the stores. ERS decides when the stores are delivered. ERS determines the 

structures to be used and STG determines the routes in a structure. In the PIRP definition, ERS, the 

allocation department and STG can be considered as the vendor. 

 

There is no general accepted method to solve a PIRP. The method used to solve a PIRP is situation 

depended. This explains the wide variety of flows in this research field. This paragraph shows the 

literature reviews on PIRP’s, which are used to select a PIRP heuristic applicable to the ERS situation. A 

research in the available databases at the Technical University of Eindhoven resulted in two recent 

literature reviews on PIRP. The first review is from Bertazzi (2008) and the second is from review is from 

Cordeau (2005). Bertazzi (2008) classifies four research streams in PIRP based on characteristics of the 

situation. Cordeau et al. (2005) classifies four research streams based on solution approaches. 

 

Bertazzi et al. (2008) group papers according to two basic characteristics: whether or not inventory 

costs are considered in the objective, and whether or not product usage is deterministic or stochastic.  

ERS doesn’t apply inventory costs in their decision for a delivery schedule. If an order arrives before 

11:00h at the DC, it should be in the stores the next day. This requirement is only met for ..% of the 

orders. If the requirement is not met, ERS employees use the word “lost sale”. If an extra delivery would 

prevent a lost sale, although it results in a low loading percentage, there will be no extra delivery. There 

are a few exceptions, for example an article which is in a promotion folder. The “lost sales” are difficult to 

estimate. Is it really a lost sale or did the end-customer buy another product? What is the profit lost, by 

this “lost sale”? If ERS could have an estimation of the costs of a lost sale, this could have been 

implemented in a PIRP. The model used for the simulation described in this chapter doesn’t include 

inventory costs. A high loading percentage is more important than a lost sale. 

The product usage in the ERS case is deterministic. ERS uses a push strategy, so instead of product 

usage, the order arrival is of importance in the ERS situation. The planner knows which orders will arrive 
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next week. The order arrival can change after the delivery schedule is set on the Thursday before the 

week. These changes are often not important for the delivery schedule. The ERS planner uses no 

stochastic order arrival. Besides a few exceptions, the planner never changes the delivery schedule after 

the delivery schedule is set on the Thursday before the week. 

According to the work of Bertazzi, the ERS problem can be solved with time-indexed formulations. In 

this stream the three most recent and mentioned articles are three case studies: 

1. Gaur and Fisher (2004), Albert Heijn 

2. Jaillet, Brard, Huang, Dror (2002) 

3. Campbell and Savelbergh (2004), Praxiar 

 

The heuristic of Gaur et al. (2004) is not applicable to the situation of ERS. Gaur et al. start their 

heuristic with all stores in a separate cluster. In the ERS situation three clusters are already set and these 

will be further divided. This heuristic would be appropriate if there was no restriction to the current 

clustering at ERS. 

Jaillet et all. (2002) encounter delivery costs for stock-outs at the stores. This is not applicable to the 

ERS situation. The heuristic of Jaillet cannot be used without delivery costs for stock-outs at the stores. 

Campbell et al. decompose the problem in two phases. In the first phase stores are assigned to days 

with integer programming. The work of Campbell et al. is applicable to the situation of ERS, because the 

current clusters can be used in this heuristic. The work of Campbell and Savelbergh (2004) use integer 

programming and decompose the solution process in two phases. The first phase will focus on assigning 

store deliveries to days in the planning horizon; Campbell focuses on proximity in the first phase. The 

decisions in phase 1 are not set in stone. In Phase two a detailed schedule is created based on the 

suggestions from phase 1. The second phase will focus on constructing delivery routes. Campbell uses 

insertion heuristics in phase 2. 

 

Cordeau et al. (2005) give a literature review on IRP. They discuss several research streams 

representing a variety of solution approaches that have been proposed and investigated. These streams 

differ in the order in which the problem is solved. The problem contains two sub problems: The horizontal 

line (inventory problem) and the vertical problem (routing problem). The solution approaches differ in 

how these problems are solved sequentially and which problem has most attention. 

A first stream of research uses time- discretized integer programming models to determine the set of 

stores to be visited in a short-term planning horizon as well as the amount of product to deliver to them. 

The work of Campbell and Savelbergh (2004) also use integer programming and plan the solution process 

in two phases. The first phase will focus on assigning store deliveries to days in the planning horizon; the 

second phase will focus on constructing delivery routes. The first phase utilizes integer programming, 

whereas the second phase employs routing and scheduling heuristics. 

A second stream of research, described by Cordeau, is based on the single store analysis. The optimal 

replenishment day ti* minimizing the expected total cost for store i is used to determine the set of stores 

considered in a short-term planning problem. An integer linear program is subsequently solved to assign 

stores to a vehicle and a day. This leaves either VRP’s to be solved in the second stage.  

A third stream of research focuses on the asymptotic analysis of delivery policies. The stream 

analyzes fixed partition policies for the IRP with an unlimited number of vehicles. The work of Gaur et al. 

(2004) also belongs to this stream of research. 

The fourth stream is based on formulating the stochastic IRP as a Markov decision process and thus 

explicitly incorporating demand uncertainty.  

 

The first stream gives an applicable solution approach for the ERS problem. The difference between 

the ERS problem and the heuristic of Campbell are the predefined clusters. Campbell assigns stores to 

days in the first phase. In the ERS problem, clusters (not stores) need to be assigned to days. 

The second stream could be applied to the ERS problem. Instead of a single store analysis, a single 

cluster analysis should be executed for the ERS problem. In the ERS problem the optimal distribution days 
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depends on themes, order arrivals at the DC and the capacity used by the other clusters. It is required that 

the decisions per cluster (horizontal line in table 14) are not set in stone, before the second phase is 

started. 

The third stream is important in creating clusters. The simulation will not contain dynamic clustering; 

therefore, this stream is not applicable for the ERS problem. 

The fourth stream considers demand uncertainty. The ERS problem considers a deterministic 

demand; therefore this approach is not applicable. 

 

5.3 Model description 

 

All four solution approaches, described by Cordeau et al. (2005) start without predefined clusters. 

The first two research streams can be applied to a situation with predefined clusters. The stores in the 

solution approaches can be replaced by the predefined clusters. This simplifies the heuristic, because the 

number of predefined clusters in the ERS case is 6. In case of 6 clusters, there are only 64 possible 

structures, which can be assigned to a day. 

 

The model used in the simulation is comparable to the first two research streams mentioned by 

Cordeau. These two research stream differ in how the first step is executed. Because of the predefined 

clusters, this step is simplified in the ERS problem. This model uses time-discretized integer programming 

to establish a delivery schedule for a week. The model is built based on the work of Campbell and 

contains 7 steps. The model uses two phases, similar to the heuristic of Campbell. In the first phase (step 

1, 2, 3 and 4) clusters are assigned to delivery days by integer programming. The exact days and number 

of day (frequency per cluster) are not yet set in stone. In step 1 the model estimates a desired frequency 

based on all input parameters:  

• The “left over” (LO) of last week 

• All order arrivals  

• All the other product flows mentioned in chapter 2.  

 

“Left over” are those orders which were not distributed in the week before. The model uses the 

following steps: 

 

1. Estimate desired frequency per cluster 

2. Generate possible frequency vectors 

3. Generate matrixes 

4. Filter matrixes 

5. Optimize the PVRPTW 

6. Calculate design parameters (LO and costs) 

7. Select a matrix 

 

The vectors and matrixes below show an example of the first three steps. 

 

1.R3,22,61,7S  2. R321S , R421S , R331S , … 3. R000
110

000
100

111S, ……. 

 

 

The first vector shows the optimal frequency for Miss Etam is 3,2. (Promiss 2,6 and Outlets 1,7). 

These optimal frequencies are calculated with all input variables. In the second step all frequencies are 

rounded up or down. This step results in 8 vectors, if there are 3 clusters. In step 3 every vector is 
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transformed in multiple week matrixes. A week matrix has 5 columns, one for each day in the week. The 

first vector in step 2 results in 2880 week matrixes, see the calculation below. 

U53V U52V U51V = 24 ∗ 24 ∗ 5 = 2880 week matrixes 

 

In step 4, a large part of these matrixes will be deleted. This step is based on commercial constraints: 

• No delivery on Monday, if it is not necessary. 

• If a cluster has a theme on one or more days, there should be a delivery on that day. 

• If the frequency of a cluster is 2, these two days shouldn’t be next to each other. 

 

Step 5 estimates the duration and the costs of possible each structure. This is solving a Periodic 

Vehicle Routing Problem with Time Windows. Appendix C shows this problem. Step 6 calculates two 

output variables for each week matrix which is not deleted in step 4. The two output variables are LO (Left 

Over) and Costs. Every column of the week matrix represents a structure. The duration and capacity of 

each structure are known, so both output variables can be estimated. In step 7 the matrixes with the 

lowest costs and a LO below maxLO is selected. maxLO is a simulation setting and represents the 

maximum number of products which are not distributed in the week of arrival. If there is no matrix with 

LO below maxLO, the matrix with the lowest LO is selected. 

 

The model described above has 3 main similarities to the heuristic of Campbell and 2 main 

differences: 

 

The first similarity is the use of two phases. Phase 1 uses integer programming to assign stores (or 

clusters) to days. The second similarity is that the first phase gives suggestions for the second phase; the 

decisions are not set in stone, because the frequency and exact days are not set. The third similarity is the 

lower and upper bound which is used in the first phase. Campbell et all. use a lower and upper bound to 

the volume that can be delivered to a store.  

 

The first difference between Campbell and this model is that this model starts with predefined 

clusters. The model can be seen as the same problem as Campbell, only with six stores. The restriction to 

at most six stores makes it possible to generate all possible delivery matrixes, within the lower and upper 

bound. 

 

The second difference is the commercial constraints of ERS. ERS has commercial constraints which 

are not included in the heuristic of Campbell. These constraints are solved by an extra step between the 

two phases (step 4). This step reduces the desired calculation steps in step 6. 

 

Instead of integer programming the ERS problem could have been approximated with linear 

programming or the planning could have been recreated with a planner in an experiment environment. 

The second option doesn’t require an extensive time investment in the set up. Unfortunately the 

experiment itself is time and effort consuming. A simulation or linear programming requires more 

preparation. The execution of a simulation or linear programming problem can be executed multiple 

times after a validation. 

 

5.4 Model verification 

 

A verification of a model is a check on all components of a model to check whether they all work 

correctly. A validation of a model is a comparison of the results of that model with the reality it is 

intended to model. This paragraph will show the verification and validation of the model described in the 
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previous paragraph. For both the verification and the validation, the model is used to execute a 

simulation of week 1 to week 46 in 2009. The verification is executed on 6 components: 

• The estimation of the desired frequency. 

• The routes (sequence of stores) 

• The routes (duration and distance) 

• The structures  

• Frequency of the structures per year 

• The delivery schedules 

 

The estimation of the desired frequency per cluster is verified in a meeting with ERS planners. The 

routes (sequence of the stores in the route) which are created by the VRPTW module are checked with 

the Expedition team leader. The duration and distance of the routes are checked with truck recorder data 

from STG. This check showed that the STG drivers were 14.4% faster than estimated with PTV. PTV 

delivers input data for route optimization software tools. This is solved by adjusting the speed 

configuration in PTV.  

The difference between the distance travelled by STG drivers and PTV routes depends on the 

structure. Table 15 shows the differences in distance travelled. In this estimation uses the exact same 

routes as are currently used. The EPK structure is executed most frequently and is therefore most 

efficient. The drivers have no navigation on their truck. On average the drivers drive 4.75% more 

kilometres than the planned routes. 

 

Table 15 Kilometres per structure 

Structure STG distance (km) PTV distance (km) Difference (%) Frequency in 2009 

EPK 7393 7173 3.07% 131 

EP 7563 6916 9.35% 5 

EK 6696 6135 9.16% 21 

E 6221 5879 5.82% 11 

PK 4872 4446 9.59% 11 

 

 

Appendix C shows that the planning tool is planning the routes 5.04% more optimal, because the 

module cannot optimize a PVRPTW. 

Table 16 shows the results of the simulation with the adjustments mentioned above. Table 16 

compares the f and t of each structure with the f and t used in practice. The model used 1.23% more 

hours. There are two major differences between the simulation and the practice. First the duration of the 

smaller structures differs. This can be explained by the capacity used in these smaller structures. The 

simulation uses the same receiving capacity per store in each structure. In practice the smaller structures 

use relatively more truck capacity. In practice EPK and EP are the same routes with the same truck 

capacity. The second difference is the frequency. In practice ERS uses the EPK structure by far the most. 

 

Table 16 Model validation 

Structure Simulation   Practice   

 f t (hours) f*t (hours) f t (hours) f*t (hours) 

EPK 86 202.6 17,420 117 200.8 23,498 

EP 32 177.6 5,684 5 195.3 976 

EK 4 162.6 650 19 167.7 3,185 

E 19 137.2 2,607 9 146.8 1,321 

PK 30 103.9 3,118 11 111.7 1,229 

P 9 82.9 746 0 - 0 

K 10 35.5 355 0 - 0 

Total   30,580   30,210 
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The delivery schedules of several weeks are evaluated and compared to the schedules used in 

practice. These schedules showed the same difference as table 16. The smaller structures are used more 

often. The total cost and capacity used are similar. 

 

 

 

5.5 Validation of the model 

The validation is done based on a comparison of the real costs and the costs of the model. Figure 16 

shows the costs per week in the simulation and the real cost of distribution. The simulation of the current 

situation is called the benchmark. The graph shows approximately the same season pattern. The 

benchmark is definitely more fluctuating in comparison to the practice. In practice the planner has the 

possibility to look further than one week. The model is not able to do the same. Besides these 

fluctuations, there are 3 weeks which have a very different cost of distribution. 

 

 
Figure 16 

 

In this period ERS did spend €1.461.571,- on distribution. The simulation spends 1,23% more on the 

same process. This can be explained by the inefficient planning of the model. The model has no 

opportunity to look further than one week. 

 

 

 

 

5.6 Simulation settings 

 

This paragraph contains the simulation settings for an experiment with three different scenarios. 

These new scenarios are based on different clusters. 

 

The simulation has a warm up period of one week. Week 1 in 2009 is shared with the last week in 

2008. The LO starts at 200 meters. 1 week is sufficient for this simulation. There is no cooling down period 

necessary. The simulation ends after week 46 in 2009.  There is no longer period selected, because of the 

availability of data. Important data from December 2009 is missing. 

 

The three scenarios that will be tested in this chapter are based on the findings in literature. Gaur et 

al. group their stores based on quantity and geographic location. Campbell et al. use proximity of stores in 
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their first phase and the heuristic itself searches for clusters based on quantity. For this experiment the 

following scenarios are selected: 

• North or South in the Netherlands 

• Far or Close to Zoetermeer 

• Small or Large stores (based on volume) 

 

The current clusters E, P and K are all split into two equal clusters (based on volume), so each 

scenario has 6 clusters. In the scenario Far/Close and Small/Large the receiving capacity per store is 

increased with 50% for the clusters far from Zoetermeer and the clusters with small stores. These clusters 

can receive a higher volume. This higher volume will increase the stopping time per store and decrease 

the frequency of these clusters.  

 

The maxLO is set to 500 meter. This is discussed with an ERS planner. 

 

The model uses the average thickness in all product flows (0.0165 meter/product). This average 

thickness is adjusted in the summer (week 13 to 27) with -10%, because it caused problems in this season. 

Nine weeks had a significant higher capacity usage. Eight of these nine weeks were during the summer. 

The ERS planners confirm that the average thickness is in fact lower during summer. The analysis shows 

the inaccuracy of the thickness classes used by ERS. It is impossible to get an exact estimation of the 

thickness class per order. 

 

5.7 Simulation results and discussion 

 

Table 17 shows the results of the simulation. The results are converted to one year based on volume.  

 

Table 17 Simulation results 

Scenario Costs in 2009 Difference to 

benchmark  

Difference to 

benchmark (%) 

Drops 

Practice €1,641,449.- -€31,423.- -1.88% 30,986 

Benchmark €1,672,872.- €0.- 0% 31,958 

North/South €1,682,789.- €9,917.- 0.59% 32,530 

Far/Close €1,512,864.- -€160,008.- -9.56% 19,178 

Large/Small €1,484,925.- -€187,947.- -11.23% 18,997 

 

 

The experiment in this chapter tests the influence of the clustering and receiving capacity on the cost 

of distribution. If the receiving capacity is higher, the delivery frequency and drops per year are assumed 

to decrease. This should decrease the cost of distribution. Figure 17 shows the cost per year and drops 

per year of each scenario. The Full-Truck-Load scenario and Every-Day-Delivery scenario are also included 

in the graph. The figure leads to three observations: 

 

1. The practice, the benchmark and the north/south scenario are close to each other. 

2. The scenario close/far and large/small are close to each other and have less drops per year 

and lower cost of distribution. 

3. The scenario close/far and large/small are not on the same line as the other 5 scenarios. 
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Figure 17 

 

 

 

The first observation is that the practice, the benchmark and the north/south scenario are close to 

each other. Paragraph 5.5 showed that the practice and the benchmark differ just 1.23%, so this is not 

remarkable. The observation also shows that the north/south clustering doesn’t influence the number of 

drops or the cost of distribution. In this scenario, the receiving capacity of the stores is not changed. 

 

The second observation is that the scenarios close/far and large/small are close to each other and 

have fewer drops per year and lower cost of distribution. In the scenarios far/close and large/small, the 

receiving capacity is changed and these scenarios do have a decrease in the cost of distribution. The 

scenarios which contain clusters with a higher receiving capacity have fewer drops per year and lower 

cost of distribution. The number of drops and cost of distribution of the scenarios close/far and 

large/small are close to each other. There is a small difference between these two cluster types. The 

large/small scenario performs slightly better, because the original clusters are split into two parts based 

on the volume. So the small cluster in the Large/Small scenario contains more stores, with an increased 

receiving capacity, thus this scenario has less drops per year. 

 

The third observation is that the scenarios close/far and large/small are not on the same line as the 

other 5 scenarios. The scenarios close/far and large/small have a higher receiving capacity on those stores 

which are assumed to have a higher dropping cost per product. The dropping cost per product for stores 

far from Zoetermeer are assumed to be higher, because the routes to these store require a longer travel 

time. The dropping cost per product for stores with a low volume are assumed to be higher, because the 

stopping time has a fixed component. If the reasoning above is true, these scenarios are expected under 

the linear line between FTL and the scenarios mentioned in observation 1. The scenarios close/far and 

large/small are above this line. The difference between FTL and the other scenarios is the timing. FTL has 

no restriction to the day it will drive to a store. The model is restricted to the days with themes and the 

maxLO at the end of the week.  
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Chapter 6 Conclusions and recommendations 

 

This chapter gives the conclusions and recommendations which are based on this master thesis.  

 

6.1 Conclusions  

 

 

The cost of distribution for ERS depends on three parameters: the delivery frequency, the tariff and 

the duration of the routes. A decrease of one of these parameters leads to lower cost of distribution.  

 

Decreasing the delivery frequency would significantly decrease the cost of distribution. Currently the 

delivery frequency is restricted to the receiving capacity and the clustering of the stores. Changing the 

clustering itself does not lead to a lower delivery frequency, though it does disrupt several processes at 

the DC, however the delivery frequency cannot be decreased by merely changing the clusters, it can be 

decreased by increasing the receiving capacity of the stores. 

 

The tariff is a result of the partnership. The current arrangement between ERS and STG does not fit 

the partnership they are in. An arrangement that would be appropriate for the partnership is one with 

performance agreements on the duration and agreements on the tariff. STG determines the tariff based 

on the costs they are making for delivering the services of ERS. These costs depend on the number of 

drops and the volume, which could be included in the arrangement. 

 

The duration can be reduced by a different structure or by consolidation. Changing the structure in 

the current situation is difficult, because of the current type of handling. Changing the type of handling 

would require an investment in the handling. The reduction in the duration and the investment depend 

on how the handling is changed. The same accounts for consolidation. Consolidation could reduce the 

duration. The exact benefit of the consolidation depends on the partner, with whom a part of the 

distribution is combined. 

 

6.2 Recommendations 

 

The first recommendation concerns the controllability of the cost of distribution. The conclusion in 

the previous paragraph indicates that the current arrangement doesn’t fit the partnership. The cost of 

distribution can be controlled, if ERS and STG would make agreements on the duration and the tariff.  

 

The second recommendation is to further investigate alternatives to decrease the delivery frequency 

without creating different delivery frequencies for stores of the same type. It is possible to reduce the 

number of drops per year and still meet the constraint of an equal distribution for all stores in one 

business unit. This would require an increase in the receiving capacity of the stores and dynamic routing 

planning. For example ERS could drive to Miss Etam stores on Wednesday and Friday. Promiss and Outlets 

stores can be delivered on Tuesday and Thursday. If the workload is low, this schedule could decrease the 

number of drops per week even further. This option would have positive and negative consequences for 

the distribution centre and the business units. Not all products would be distributed within 24 hours. In 

2009 only 43% of the orders without a theme were distributed within 24 hours. The analysis shows that 

the planners have an influence on the day of arrival of an order. The receiving capacity of a store should 

be increased in this situation. This receiving capacity is a different issue for each store. Most of the stores 

receive the products on clothes racks on the shop floor. For these stores the receiving capacity is equal to 

the capacity of the clothing racks. 
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A third recommendation is to further investigate transhipments and consolidation. The research on 

transhipments and consolidation in this master thesis is limited, because transhipments require a 

different handling and consolidation depends on the partners, with whom the consolidation is executed. 
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List of abbreviations 

3PL  Third party logistics 

ERS   Etam Retail Services 

LO  Left Over 

PIRP Periodic Inventory Routing Problem 

PVRPTW  Periodic Vehicle Routing Problem with Time Windows 

STG  Scholten Transport Groep 

VRP  Vehicle Routing Problem 
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Appendix A 

Compare Volume to travel time. 
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Appendix B 

The simulation starts with calculating all structures and their cost parameters. This is a Periodic 

Vehicle Routing Problem with Time Windows. This is an extension of the Vehicle Routing Problem. The 

problem is periodic because of the exchangeable trailers. Some stores have to be delivered in the 

morning; some in the evening and most stores have no time windows. The evening routes and the 

morning routes are two problems, which need to be solved in parallel. At most 15 routes can be executed 

in parallel, see figure 18. 110 stores have no time windows; 86 stores have a time window in the morning. 

 

The simulation uses the insertion heuristic from Solomon (1984) to generate an initial solution. The 

improvement heuristics are based on Potvin and Rousseau (1995) and we used “relocate” and “switch” in 

this improvement heuristics. This is no tabu-search and there is a possibility that the optimum found is a 

local optimum. 

 

 
Figure 18 

 

One of the design parameters is that stores should be delivered before 9:00 or 11:00. This constraint 

is not met for all stores. The simulation optimizes a VRP with all stores simultaneously and stores with no 

time windows are set to (0-11). This results in a VRP which performs 4,09% better than the STG routes. 

Planning one VRP should be more efficient compared to two VRP’s with the same stores in the same 

region. According to Daganzo the store density (store per square kilometer) influences the optimality of a 

routing problem. The evening routes and the morning routes separate are two problems with a lower 

density compared to one problem. The region is the same: the Netherlands. 

 

Table 19 shows the hours needed for driving the EPK structure, without stopping times. The truck 

recorder data is an average of 15 measurements in the measured period. “STG routes” is a calculation of 

the hours needed for driving the current EPK structure based on the duration table from PTV. “Manually 

creating evening routes” contains new routes. First the 55 stores which are currently in the evening 

routes are solved as one problem, and then the remaining stores are solved in one problem. 

Unfortunately it is not possible to optimize both problems simultaneously. 

 

 

Table 18 

VRP tT,EPK (hour) Compared to STG routes 
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Truck recorder data 116,27 +3,07 % 

STG routes 112,80  

Manually creating evening routes 116,33 +3,13 % 

All stores in the morning 

 

107,12 -5,04 % 
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