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Abstract 

This quantitative research conducted at Mediamarkt describes the utility of the consolidation of two 

networks; first, the replenishment network from one distribution centre to all stores, and second, the 

‘next day pick up in store’ (NDPU) network, which is more frequent, and expensive. Consolidating 

these networks is beneficial if it reduces cost, transport movements, and time. A simulation model with 

a Nearest Neighbour heuristic that includes cost drivers is built to be able to optimize the distribution 

network and reduce cost while maintaining or increasing the customer service level. The model has three 

decision variables; the time restriction per store, the capacity restriction per store, and the number of 

replenishment frequencies per week per store. The model is redesigned to consolidate the networks. In 

brief, the best redesign is a capacity restriction of 33 pallets per store, time restriction of 360 minutes, 

the orders from both networks combined on the pallets, and a minimum replenishment frequency of 2 

per week. The redesign saves 12% of the yearly total cost in comparison with the current situation. 
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Executive summary 

Introduction 

Mediamarkt, a multinational retailer in the Netherlands, changed its strategy from a decentralized to a 

centralized organization. The company wants to operate an omni-channel strategy to satisfy the 

customer. Omni-channel integrates and coordinates different channels, and the customer experience plus 

overall performance are optimized too (Galipoglu et al., 2018). The network of Mediamarkt has changed 

and new logistic service providers have entered. However, they are wondering whether this could be 

changed leading to higher efficiency and cost reduction. This leads to the problem statement.  

Problem statement 

There are two networks directed to the same store location which indicates a potential source of 

inefficiency, i.e. from the DC to the stores. The service level of a ‘next day pick up in store’ (NDPU) 

order requires delivery at the store the next day before 14:00. Parallel to this, the replenishment network 

operates only twice a week and consists of higher volumes. Therefore, the networks are currently 

separated. It is expected that in a centralized organization the replenishment volumes from the DC to 

the stores increases. The increase in volumes could lead to more than two times replenishment in the 

week. Therefore, the inefficiency of two networks could probably be solved by consolidating networks. 

To tackle the problem, the following main research question is formulated: 

How can Mediamarkt optimize its distribution network from one DC to 50 stores in the Netherlands to 

reduce cost while maintaining or increasing the customer service level?  

The research is divided into two parts to find an answer to this main question. First, the analysis part to 

fully understand the current supply chain situation. In this part, the focus is on the replenishment and 

NDPU network. Therefore, the current transportation cost and relevant variables of these networks are 

analysed. The analysis provides the information to simulate the current situation. The simulation model 

is used to be able to experiment in the redesign part. Second, the redesign part is used to obtain different 

scenarios to optimize the distribution network and answer the main research question. The impact on 

the cost of network consolidation is discussed and a conclusion of the best scenario is given. In the end, 

the most important recommendations are presented. 

Analysis 

The process of the current replenishment network is scheduled weekly. The stores are divided into two 

groups, of which 25 stores receive delivery on Monday and Wednesday, and the other 25 stores on 

Tuesday and Thursday. The replenishment orders are placed twice a week at the DC. In the DC the 

orders are picked and packed to be shipped to the stores by one Logistic Service Provider (LSP) during 

mid-week. The NDPU order is picked and packed by a picker at the DC and transported with another 

LSP during mid-week and on Saturdays. In particular, the opening timeslots per store to receive a 

replenishment order are often before the NDPU delivery restriction of 14:00 the next day. Because of 

this, it might be beneficial to improve the network by consolidation. 

From the obtained volume of the sales data of 2019 the necessary weekly replenishment pallets per store 

are calculated referring to the weekly demand. It is assumed that the demand is equally spread over the 

number of replenishment frequencies per week. For the NDPU network, the sales data is a separated 

dataset and the daily volume is used in the redesign phase.       

The cost drivers of the networks are also separated. The cost of the replenishment network is divided 

into transportation cost, handling cost at the store, and holding cost at the store. Important to mention is 

that the transportation cost does not depend on whether the distance travelled is long or short. However, 
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the given transport cost matrix shows that delivering 10 pallets to a store twice is more expensive than 

delivering 20 pallets to the same store at once. Similarly, the store handling cost based on a fixed cost 

and variable cost per pallet will be more expensive in case of handling 10 pallets twice rather than 

handling 20 pallets at once. On the other hand, the holding cost will be cheaper if the replenishment 

frequency increases from 1 to 2 times a week, because of higher stock levels at a lower replenishment 

frequency.    

Furthermore, some other assumptions are determined to be able to build a simulation model. A Nearest 

Neighbour heuristic is used to gather insights in the time schedule of the routes and to implement the 

capacity restriction and time restriction per store. The heuristic is easy to understand and fast to obtain 

results. Next to time and capacity, another decision variable is the minimum replenishment frequency 

which can variate from 2, 3, 4, 5 times per week.       

Redesign 

The possibilities to consolidate the two networks are given in different scenarios presented in Table 1. 

The redesigns are discussed while presenting the results in the next paragraph.  

Table 1: The scenarios of the redesign. 

Scenarios 

Maximum capacity 

r = 2/3/4/5 

33 pallets 

 

20 pallets 

 

15 pallets 

1)Normal scenario  S33 S20 S15 

2)Add Timeslot restriction S33T S20T S15T 

3)Add NDPU demand separate S33TNS S20TNS S15TNS 

4)Add NDPU demand combined S33TNC S20TNC S15TNC 

 

The results achieved from the scenarios are discussed in five steps. To begin with S33 with all different 

replenishment frequencies, r = 2, 3, 4, or 5. The weekly total cost impact shows Mediamarkt’s 

seasonality through the year and the increase in replenishment frequency results in a total cost increase. 

Moreover, the cost structure shows that the transport cost has a main impact, 50-61%, on the total cost. 

The number of yearly routes hardly fluctuate with different replenishment frequencies due to more 

combined routes at a high frequency level. Continuing with the next step, the time restriction of 14:00, 

S33T, time does not have any impact on the cost because none of the cost structures are depended on 

travel time. The only aspect that differs is the route structure. A shorter time window results in a few 

more routes, however this is less than 1%. The next step is to compare S33T, S20T and S15T. A lower 

capacity restriction, for example from 33 to 15 pallets, results in more replenishment frequencies for big 

stores and thus a cost increase of 8% with a minimum replenishment frequency of 2. In the next step, 

the consolidated network scenarios are compared. There are two variants one with the NDPU on a 

separate pallet, SxxTNS, and one with the NDPU integrated on the replenishment pallets, SxxTNC. The 

combined version shows that the number of pallets is less than in the separate pallet version, in 

consequence the number of routes and total cost decreases. In the end, an overview of the total cost 

including the NDPU network is given for all different scenarios with different replenishment 

frequencies. The cost of the NDPU network depends on the number of weekly operating days in each 

scenario. For example, a combined scenario with a minimum of 3 replenishment days needs additionally 

3 days of NDPU network in the week to satisfy the service level of the customer.     
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Conclusions  

The minimum cost scenario is a capacity restriction of 33 pallets per store, with time restriction of 14:00 

and NDPU combined on the pallets with the minimum replenishment frequency per store of twice a 

week, see Figure 1, S33TNC r=2. This is the best possibility because it saves 12% of the yearly total 

cost. Although, the replenishment frequency of the 50 stores are not similar in case of r=2, it depends 

on the demand of the store.  

 

 

Figure 1: Total cost per year of all scenarios. 

 

Recommendations 

First of all, it is recommended to consolidate the replenishment and NDPU networks to reduce total 

yearly costs. In addition, it is cheaper to combine the orders on the pallet. Except from the cost savings, 

for regularity it is better to choose for a minimum replenishment frequency of 5 times per week instead 

of 2 which still results in a cost reduction of 11% instead of 12%. However, it is expected that the 

mitigation of the risk of mistakes in a complex weekly schedule outweighs the cost. In this situation, the 

NDPU network only operates on Saturdays and the other days the orders of both networks are combined 

on the pallets. Above all, an increase in the to be transported volume due to, for example, an increase in 

the market sales will lead to less difference between r=2 and r=5. For this reason, the highest capacity 

restriction, 33 pallets, and highest replenishment frequency is the best option to deal with the market 

growth. 

The other four recommendations are listed as follows: 

• It is assumed that Demand planning orders only once a week. However, an advantage of more 

replenishments is that it gives possibilities in just-in-time orders which is not considered in the 

research (Chang, 2013). In addition, the moment of placing an order for store replenishment is 

before the sales order. A recommendation flowing from this limitation is to investigate the 

impact of increasing the number of placing orders per week, adjust to a more accurate timing 

and adapt the replenishment policy. 

• The assumptions to build the model could be case specific, making the outcomes less 

generalisable for other companies. A recommendation for future research is to check the 

robustness of the model to the sales patterns of other companies.   

• Furthermore, the volumes used in the research are obtained by matching the sales with an 

incomplete master data set. In order to prevent miscalculations in number of pallets it should be 

recommended to conduct further research on the product specifications. 
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Moreover, further research is necessary to obtain more smart solutions for networks with location 

synergy. In literature, it is suggested to combine the reverse logistics with replenishment logistics (van 

Woensel and Broft, 2016). In practice, it might be possible to combine the returns and repair network in 

the reverse logistics of the replenishment network. Additionally, in an omni-channel environment stores 

still play an important role (Buldeo Rai et al., 2019). Moreover, the stores could be figured as urban 

distribution centres (van Woensel and Broft, 2016). Frequent store replenishment supports to combine 

home deliveries in an integrated network structure in which the store is the decoupling point from truck 

to smaller type of vehicles for home deliveries. Further research is necessary to measure the cost impact 

of small urban distribution centres.  
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1 Introduction 

The research is based on a practical transport optimization process in a retail company in the 

Netherlands. Mediamarkt is a multinational retailer in consumer electronics started in 1999 in the 

Netherlands. The focus of the research relies on the network in the Netherlands and could be a pilot for 

improvement in other countries in Europe. The overall goal of Mediamarkt is to be the cheapest in the 

market, have the biggest and newest assortment and spotlight A-brand products. The competition in the 

retail market is high and therefore different promotion strategies are hold.  

The relevance of the research is twofold, as it supports Mediamarkt and it expands the existing literature. 

The main gap in literature is quantitative research of network consolidation. Advantages and 

disadvantages about outsourcing or double outsourcing, centralization or decentralization, and operating 

omni-channel are discussed (van Woensel and Broft, 2016), but not quantified in a case. On the other 

hand, the focus of this research is to support Mediamarkt by providing analyses that help to make long 

term decisions. The research discusses the utility of the consolidation of two networks, which might be 

interesting if it reduces cost, transport movements combined with CO2 emissions, and time. This 

information is useful to decide the type of contracts with the LSPs.  

In the last two years, Mediamarkt changed its strategy from a decentralized to a centralized organization. 

A new distribution centre (DC) was opened to supply all single stores in the Netherlands. The location 

is in the south-west of the Netherlands with a strong future vision based on the region the Benelux. 

Because of centralization, the goal is that all suppliers, more than 200, transport their goods through the 

centrally organized DC. A flow chart of the goods in a centralized organization is illustrated in Figure 

2. In the old situation the DC did not exist, and each supplier delivers to every store, the decentralized 

situation.  

 

 
Figure 2: Centralized Distribution Center. 

 

The entire network of Mediamarkt has changed and, moreover, new logistic service providers (LSPs) 

have entered. The company wants to operate an omni-channel strategy to satisfy the customer. Omni-

channel integrates and coordinates different channels, and the customer experience plus overall 

performance are optimized too (Galipoglu et al., 2018). In addition, the inventory, picking, 

organizational and IT systems are completely integrated (Hübner et al., 2018). Omni-channel logistics 

is explained in more detail in Chapter 2.5. In brief, the core business of Mediamarkt is based on customer 

satisfaction for every product, large or small sizes, expensive or less expensive. Moreover, due to the 

high competition level, the customer service is more divers.  

In the current situation, Mediamarkt is in the middle of the transformation to centralize its suppliers. 

40% of their suppliers’ value is already transferred through the central DC and 60% is still in progress, 

but in 2021, this will be fixed to 95% of the suppliers and this situation is already assumed in this 
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research. To understand the supply chain, the overall inbound en outbound in the DC is introduced in 

the next paragraph and explained in more detail in Chapter 3. 

 

 

Figure 3: Mediamarkt's supply chain process. 

 

The current distribution network of the complete supply chain is illustrated in Figure 3. The left side of 

the Figure the products are delivered by the suppliers, box one and two. In the future, Mediamarkt will 

make sure that most of their suppliers deliver at the DC, the remaining 5% of suppliers will still deliver 

directly to the stores, because of low volumes or specific products for a part of stores. The third box is 

the DC where an extern logistic company is fully operating, the centralized organization structure. 

Moreover, for traditional reasons the DC is still divided into two separately operating DCs in the same 

building, online and offline orders. B2S (Business-to-store), for Mediamarkt, represents the store orders, 

commonly speaking the B2B (Business-to-Business). This is also marked as the offline part, and the red 

outlined box in the Figure. On the other side, the B2C (Business-to-consumer) is the e-commerce part, 

i.e. the online part and the green outlined box in the Figure. The difference between these networks is 

the customer service options given online. The outbound process of the DC is divided into 4 streams 

and 4 different LSPs. These processes indicate that Mediamarkt outsource its outbound transport 

network.  

• Number 4, an LSP that delivers the replenishment orders from the DC to 50 stores in the 

Netherlands. The department ‘Demand planning’ places twice a week a complete order per 

store. After that, the order is transferred to the stores 2 days later after the order is placed; more 

details are given in Chapter 3.1  

• Number 5, an LSP operating for the Next Day Pick Up (NDPU) deliveries to stores. An online 

order is placed by the customer who wants to pick it up in store. The process is explained in 

more detail in Chapter 3.1.  
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• Number 6 and 7, both LSPs who arrange all other online orders to customers. The LSPs are 

divided in delivery with services and in parcel delivery only.  

• Number 8, this illustrates the 50 physical stores located throughout the Netherlands 

differentiating from small city stores to big stores in a boulevard.  

• Number 9, the customer who expects his or her order delivered at home. 

• Number 10, besides the delivery options, Mediamarkt offers a free return service for the 

customer and the collection of the returns is in the return centre. Every return is determined to 

a further process and for simplicity, in this Figure only the as good as new products are 

illustrated by the arrow from the return centre back to the DC.  

The remaining structure of this Chapter is in the first place a description of the problem context. After 

that, the research questions are formulated, and the appropriate methodology is considered. Next, the 

scope of the research is defined. Afterwards, the research outline is described.    

1.1 Problem context 

Mediamarkt aims to optimize its distribution network. The network exists of many different LSPs, as 

shortly explained in the previous paragraph. The overall simplified question is how to reduce the number 

of transport movements and still satisfy the customer by reaching compulsory service levels. In the 

supply chain there are two networks directed to the same location, i.e. from the DC to the stores. These 

transport movements affect two LSPs, one for the replenishment of the stores and the other one for the 

online NDPU in store. So, on the one hand, there is a possible location synergy between them. On the 

other hand, the service levels differ from each other. Therefore, the networks are currently operated 

separately. The service level of a NDPU order requires delivery at the store the next day before 14:00. 

This indicates that this network is frequent, with a time constraint, and expensive. However, the 

replenishment orders for stores are delivered only twice a week and contain higher volumes. On the 

other hand, the synergy between these networks is not used which indicates inefficiency. Moreover, 

because of the reorganisation from a decentralized to a centralized strategy, the future situation will 

induce changes to the volumes. The centralization increases the volume in the current replenishment 

transport network from DC to stores. The increase in volume could imply improvements for the 

inefficiency present in the network. A suggestion could be a higher weekly replenishment frequency. 

This results in the following problem statement: 

 

Mediamarkt’s centralized delivery system implies inefficiency in the transport network between the 

distribution centre and the 50 stores in the Netherlands. The network is operated by two separate 

services, which is expensive. 
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1.2 Research questions 

To tackle the problem as discussed in the previous paragraph, the following main research question is 

formulated.  

 

How can Mediamarkt optimize its distribution network from one DC to 50 stores in the Netherlands to 

reduce cost while maintaining or increasing the customer service level?  

 

To guide the answer to this research question, several sub questions are formulated. The research is 

divided into two parts to structure the research. Part 1 is the analysis of the current situation to completely 

understand the current processes and Part 2 is a redesign phase of the research to provide an answer to 

the main research question. Both phases and the corresponding sub questions will be elaborated on 

briefly. 

Part 1: Analysis 

Before optimizing a network, it is necessary to analyse the current supply chain situation. This provides 

a good overview of the different processes of Mediamarkt. In addition, the literature will help to 

understand the challenges in retail nowadays. This leads to the first sub question: 

1. How are the current transport networks in the distribution network of Mediamarkt operated and 

what are the related order processes? 

The answer to this question helps to clarify the problem and is useful to define the right scope. Moreover, 

this insight helps to understand the outbound costs related to the transport movements of the 

replenishment and NDPU network, giving the following sub-question: 

2. How is the current transportation cost of the replenishment and NDPU network calculated and 

what are the relevant variables?  

To gather this information, the contracts of two LSPs must be discussed and historical data must be 

requested. This is needed to understand the originated cost related to the provided service. This 

information helps to develop a distribution network and simulate the current situation. The current 

situation is simulated to experiment changes in the current situation in the second part of this research. 

This comes up to the following sub-question: 

3. How to model the current network of store replenishment and the current network of NDPU?   

Part 2: Redesign 

The second part of the research is about optimization, which can be reached by building different 

scenarios in the model and tuning the independent variables. An interesting scenario is to consolidate 

the two networks and supporting this with literature. Among other things, this consolidation is dependent 

on the frequency of replenishment orders and their time windows. This leads to the following sub-

question:   

4. What are the possibilities to combine the network of store replenishment orders and the network 

of NDPU?  

These possibilities refer to the different scenarios that are interesting to experiment in the model. The 

redesigns of the model are compared. The frequency and the time windows of replenishment orders, the 

service level, and the cost are comparable output variables. This is captured in the following sub-

question: 
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5. What is the impact on the cost in the combined network of replenishment orders and the network 

of NDPU?   

With these five sub questions the answer to the research question can be formulated and an advice to 

Mediamarkt can be written. In addition, future recommendations can be found by analysing the related 

cost if the NDPU orders are consolidated with online orders. Therefore, an extra sub question needs to 

be answered first:  

6. How much would the cost change if the NDPU network is integrated into the online network 

and would this affect the service level of the customer?  

 

1.3 Methodology 

The problem statement requires to study the inefficiency of the current transportation network of 

Mediamarkt and a possible redesign of the network. To be able to tackle this problem, the activity of 

problem solving is used, as illustrated in Figure 4. The reason for this method is the structured overview 

of the steps to conduct the defined sub questions. Step 1 and 2 are referring to part one of the research, 

the analysis. Step 3 and 4 are part of the redesign phase of the research. The different steps taken will 

be elaborated on in the upcoming Chapters.  

 

 

Figure 4: Activity of problem solving (Mitroff, Betz, Pondy, and Sagasti, 1974). 

 

The methodology is applied, which can be translated into direct steps for the research. The steps are 

discussed as a straightforward plan. 

I Problem situation 

The methodology used is to observe the current process and interview all relevant stakeholders. All 

stakeholders in the supply chain are asked to give information about their core activities and during 

these meetings relevant questions are asked to understand the whole process. Besides, the synergy and 

differences between the two networks, replenishment and NDPU, are analysed to understand the 

inefficiency. In addition, the relevant literature is studied to gather knowledge about the relevant topics 

to conduct this research. The result of this step is a clear overview of the situation, answering research 

question one, and insights for improvement directions.  

II Conceptual model 

The conceptual model is set out in the literature review and adapted to the structure and data of 

Mediamarkt. There are different ways to develop a model, and with the background obtained from the 
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Master courses about transportation routing models, optimality modules for big data and different case 

studies, the model is programmed in Python. To simulate the two current networks, a linear 

programming model is used as basic because the objective is to reduce cost with several important 

constraints to consider. There are different algorithms to apply the linear programming model and these 

are discussed in literature. The chosen model should be able to be adapted in a consolidated network 

model. Because a consolidation of networks suggests becoming more efficient.  

Before being able to obtain the right data from Mediamarkt, the requirements of the data must be made 

explicit. This process is explained in further detail in Chapter 1.5 Scope. After that, the different 

variables will have to be chosen, with focus on the cost-related variables. Therefore, assumptions must 

be made. In the end, it is known where the total transportation cost of the two networks is based on and 

this provides the answer of research question two. The methodology used in this step is searching for 

and analysing the right data to create the conceptual simulation model for Mediamarkt and answer 

research question three.  

III Scientific model 

The goal of this step is to figure out if the two networks can be consolidated, the question is how and 

whether this is advantageous. Therefore, some adaptions must be made in the model to combine the 

orders, find the synergy between them and analyse the related costs. The scientific model is a collection 

of the obtained simulation models to test some scenarios and to tune with the replenishment frequency 

per store, capacity restrictions and time windows. The redesigns are the answer to research question 

four. This is a method to find the minimum cost scenario and measure the impact of different variables.  

IV Solution 

The method for the solution is to analyse the different outcomes of the redesign phase. In the end, the 

goal is to find the scenario with the minimum cost. The differences between scenarios are discussed 

with the use of graphs to clearly show the impact of different variables. The discussion about the results 

supports Mediamarkt in decisions making about their contracts with the LSPs.  

1.4 Research outline 

 

Figure 5: Problem-Solving thesis outline. 

The research outline is shown in Figure 5. Firstly, a literature review is presented in Chapter 2 regarding 

related research topics such as customer demand, replenishment policies, cost drivers, vehicle routing, 

and operating omni-channel. In Chapter 3 the current situation is analysed, and the first research question 

is answered. Based on the literature review and the analysed situation, the cost structure is defined to 

help to answer the second research question. This information is the basis for the model and the 

conceptual model is used for the redesign part. The scientific model is described with the substantiated 

assumptions in Chapter 4. The model gives the answer for research question three. For the redesign part, 

some scenarios are simulated on the conceptual model and these are specified in Chapter 5. The results 

are discussed in Chapter 6, where the answer of research question five is presented. These results 

demonstrate different network directions, so research question six is also discussed in this Chapter. 

Chapter 7 describes the conclusion of the research and answers the main research question. In addition, 

recommendations for Mediamarkt and future research directions are given.  
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1.5 Scope 

The scope of this research is determined by the focus on the transport movements from DC to stores. 

The reason for this is the high transportation cost in the NDPU network while the replenishment network 

runs nearly parallel. Figure 6 illustrates the in-scope activities of the supply chain process. As shown, 

only the NDPU network is in-scope, the other two online networks are not considered. Moreover, the 

internal transfer between the separated DC inventories is out of scope. The coloured activities are enough 

to focus on to solve the problem of Mediamarkt. Besides the activities, the scope of the data is defined 

as well. The sales data is gathered from the most recent year 2019 and transformed in the future situation, 

it is assumed that 95% of the suppliers use the B2B network of Mediamarkt.  

 

 

Figure 6: Mediamarkt's supply chain process and its defined scope. 
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2 Literature review 

The purpose of this Chapter is to provide a literature review about relevant subjects for this research. 

The literature is studied in order to get acquainted with the research objective and to understand the 

challenges in retail nowadays. Moreover, this review helps to answer the research question. Besides that, 

literature substantiates the purpose of this study. The literature review starts with the relevant aspects of 

customer demand management. Afterwards, the basic policies of the replenishment of the inventory in 

stores is discussed, followed by the related cost drivers in the supply chain. After that, a vehicle routing 

model is explained to use as a concept of the model of the research. In addition, the subject omni-channel 

is discussed and the role of an LSP. This is followed by a discussion of possible smart solutions. In the 

end, an overall summary is given to understand the current knowledge status.  

2.1 Customer demand management 

In this section, the position of the customer in a retail environment is illustrated to understand the 

different service levels of customers. The first aspect is about the delivery options in a competitive 

market. A good option is, for example, the NDPU network of Mediamarkt. The second aspect is the 

environmental impact of customer preferences.  

In a competitive retail market, the customer has the power and indirectly controls the offer of delivery 

options. It is most important for the customer that all the options are free of charge (van Woensel and 

Broft, 2016). Customer satisfaction is the main driver of a retail company similar to Mediamarkt (Bell, 

Gallino, and Moreno, 2014), so most of the time multiple delivery options are given for free. However, 

for same-day delivery or fast delivery, customers want to pay additional costs. Other research shows 

that if the home delivery service is only for free on regular office hours, then customers are open to 

change the delivery option to a longer time horizon or a different place (Buldeo Rai, Verlinde, and 

Macharis, 2019). Because of competitive reasons, retailers provide free and fast delivery options 

anyway. It is inconsistent how much failed deliveries there are because companies are imprecise in 

sharing this information in exact numbers. Although, it is understandable that a customer is more patient 

to wait for a product or collect a product from a collection point while the delivery option is for free. In 

contrast with a higher price for fast delivery or a kind of fine for being unattended at home (Buldeo Rai, 

Verlinde, and Macharis, 2019). Therefore, the NDPU network is a perfect extra delivery option in a 

competitive retail market and should be maintained. 

However, this trend leads to many difficulties in the last-mile logistics. The shorter the time to schedule 

the optimal network, the less efficient routes will be found. Moreover, the less than truckload (LTL) 

appears more often in a short time to schedule. For this reason, the Mediamarkt’s NDPU network is 

expensive and not optimal. These problems relate to new challenges and opportunities in city logistics 

examined in the literature study of Savelsbergh and Van Woensel (2016). It is said that the customers’ 

encouragement to buy a product is more and more dependent on the delivery options provided by the 

seller. Another encouragement to buy a product is when the related store is nearby the customer 

(MetaPack, 2016). The delivery option to deliver at home is from an environmental point of view the 

least favourable option (Mangiaracina et al., 2015). These results indicate the importance of optimizing 

transport networks to try to reduce cost and increase the customer service level.  

2.2 Replenishment 

Next to the NDPU network, the replenishment network needs to be discussed. This section starts with a 

brief explanation of basic replenishment policies, followed by the process of replenishment and the shift 

in holding costs. The acquaintance helps to understand the current replenishment network and the related 

replenishment policy.  
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The replenishment policy depends on many variables of a product: the review period (R), order quantity 

(Q), order levels (S) and the reorder point (s). There are many inventory policies and the classical 

policies are (Fattahi et al., 2015): 

• (R, S) order at the review period up to order level, 

• (s, S) order at the reorder point up to order level, 

• (s, Q) order at the reorder point the standard order quantity, and 

• (R, s, S) order at the review period or the reorder point up to order level  

In contrast to these policies, results show that in retail industries a Vendor Managed Inventory strategy 

reduces cost and increases inventory turnover. In this strategy, the supplier controls the inventory at the 

stores (Chang, 2013).  

 

In a centralized policy, the replenishment of stores includes an extra order handling point to the 

distribution network, at the warehouse. This implies two separate replenishment policies one for the 

warehouse and one for the stores. The replenishment for Mediamarkt’s warehouse is most likely an (R, 

s, S) policy. Next to this policy, a lookalike of the Vendor Managed Inventory is applied: the warehouse 

is the supplier in a centralized policy, because the inventory of all stores is directly controlled by the 

warehouse which organizes the outgoing stock. The review period for stores can be determined by the 

trade-off between the costs of replenishment and the level of service.  

The cost of replenishment is related to the replenishment frequency, which also depends on the demand 

fluctuation. The demand fluctuation can be covered with a classical model, namely the Economic Order 

Quantity, which is used to determine the optimal order quantity. This model considers the fixed ordering 

costs, variable production costs and holding cost which must be extended with the replenishment 

policies explained earlier (van Woensel and Broft, 2016). If the holding costs are low and ordering costs 

are high, it is profitable to order in high quantities. Additionally, if the replenishment frequency is high, 

which means that the throughput time of a product in-store is short, then the inventory level is low 

resulting in low holding cost but high replenishment cost. These costs are further explained in section 

2.3. 

The point is that the holding cost shift from production to consumption over time (Daganzo, 2005). The 

replenishment shift is paired with transport costs from supplier to store or from a warehouse to store and 

runs in the last mile. Gevaers et al. (2009) stated that last-mile costs represent between 13 and 75 percent 

of the total supply chain costs. The challenges in last-mile delivery consist of the right fleet composition 

and the optimal vehicle routings. The fleet composition consists of the maximum delivery capacity at 

each location and the number of vehicles needed. The vehicle routings have different key factors, as 

illustrated in Figure 7. The review period of replenishments determines the delivery frequency (Quak 

and De Koster, 2009). Because of customer preferences the logistical concept is very complex, because 

orders are small and often a mixture of different products. In addition, customers prefer frequent, free, 

and fast delivery (van Woensel and Broft, 2016). Another key factor in the Figure is the urban policy or 

restrictions implemented by the local government. These restrictions increase the costs for retailers 

(Quak and De Koster, 2009). The frequency of replenishment also depends on the company size of 

retailers. Large retailers have a high replenishment capacity and mostly a wider range of suppliers, while 

city retailers, small scale, must find a trade-off between efficiency and more frequent distribution (van 

Woensel and Broft, 2016).  
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Figure 7: Key factors affecting store distribution performance (Quak and De Koster, 2009). 

The remaining question is what is the optimal replenishment policy in a centralized omni-channel 

environment? A study of the in-store inventory ordering and allocation policy in a franchising network 

concluded that a base stock level policy with periodic reviews examines an optimal replenishment policy 

(Xu and Cao, 2019). However, more research must be done to expand these studies in different omni-

channel environments. In this research the optimal replenishment policy depends on the cost drivers.  

2.3 Cost drivers  

In order to search for a cost reduction in the current network the main cost drivers explained in literature 

are discussed. The operating cost consists of transportation cost, handling cost including packaging, and 

some fixed costs. These costs refer to the following defined tasks in the supply chain (Daganzo, 2005):  

1. From supplier to warehouse; transportation cost  

2. Stock in a warehouse, waiting to be transported; fixed inventory cost  

3. Loaded into a vehicle; handling cost  

4. Transported to destination; transportation cost  

5. Unloaded and handled at destination; handling cost  

The distance is task 1 and 4 and the related transportation cost are further divided into distance travelled, 

fleet size, and a number of stops (Daganzo and Newell, 1985). There are several ways to estimate the 

distance travelled and the Euclidean metric is a frequently used estimation. However, in a case study, 

company data will often be used where the distance travelled is given, because all locations are fixed. 

For this research the Euclidean metric is used due to a lack of company data. The second variable, the 

fleet size, is the optimum number of vehicles necessary considering the operating working hours and 

the capacity of the vehicle. The necessary capacity and vehicle type for a number of products depend on 

the product weight, value, size and preservation (Bravo and Vidal, 2013). A larger number of items for 

one address decreases the transportation cost because there is always fixed cost which is in that case 

divided over more items. In order words, advantages in economies of scale are relevant for the 

transportation of goods (Daganzo, 2005). On top of that, the number of stops is costly in combination 

with the stopping time that needs to be included in the schedule.  

From a manager’s point of view, business agreements such as sourcing, alliance, joint venture, 

outsourcing, are becoming increasingly important, as discussed in Riccobono et al. (2013). Interesting 

results are found, for example, single sourcing one single business agreement contract, a contract carrier, 

to pursue one specific strategic objective, transport service. In contrast, more business agreements for 

one objective, as double sourcing. Mediamarkt outsources its transportation activities to many different 

carriers, one for each business objective. Double outsourcing minimizes the risk of losing potential 

network collaborations, while single outsourcing minimizes the costs of managing several relationships 

(Riccobono, Bruccoleri, and Perrone, 2013). In addition, Buldeo Rai et al. (2019) demonstrate that food 

retailers tend to use in-house last-mile logistic activities, while non-food retailers participate in LSPs. 
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Next to the transportation source, the fast delivery also depends on the inventory position and handling 

speed. 

Inventory cost starts in the warehouses but also costs for pipeline inventory and the costs of inventory 

in the vehicles are referred to as inventory costs (Daganzo and Newell, 1985). Holding cost covers step 

2 of the defined tasks at the beginning of the Chapter and stands for the rent cost for space, machinery 

needed to store the items plus the maintenance cost in the space (Daganzo, 2005). These costs are nearly 

all fixed costs as the total space is hired from a certain point in time. However, there is a maximum 

capacity for storage, so the holding time is limited. For example, a supplier ships irregularly and saves 

its own transportation costs but increases the inventory capacity resulting in higher holding cost. 

Therefore, the right balance should be found.  

The handling cost is also included in the operating cost of step 3 and 5 of the list of the operating costs 

of Daganzo (2005). The handling costs are the loading cost at the supplier or warehouse and the 

unloading cost at the store or customers’ home. The smaller the order, the relatively higher the handling 

cost, so an optimal shipment size may be larger than the demand (Daganzo, 2005). 

All in all, a company’s goal is to reduce transportation costs. However, choosing a slower and less 

reliable transportation mode may sound cheaper but it increases the inventory cost and cost of working 

capital (Stanton, 2017). Therefore, the optimum between the transport, handling, and holding cost are 

important to find for a retailer. Some studies only represent the transportation costs and exclude the 

handling and holding costs, as in the study of Gevaers et al. (2014). On the contrary, in this study the 

transport, handling and holding cost are considered.  

2.4 Vehicle routing model 

In the literature, different models of optimizing a transportation network are given and some relevant 

models are discussed to understand the way of minimizing transportation costs. Besides cost 

minimization, routing and scheduling a transport network has other benefits such as greater vehicle 

utilization, improved and more responsive customer service and reduced capital investment in 

equipment (Castillo et al., 2018). In this research the first two benefits are important to consider and 

additionally the time restrictions in the routing model are relevant for the NDPU network. 

Routing is the process of selecting the best paths in a network. A heuristic is often used because many 

real-world applications are too large to be solved by exact methods and fast solutions are usually needed 

(Lin and Kernighan, 1973). The standard vehicle routing problem is described in many articles and 

books (Dantzig and Ramser, 1959; Ghiani, Laporte, and Musmanno, 2013; Noorizadegan and Chen, 

2018; Purnamasari and Santoso, 2018). There are many variants discussed in the article of Purnamasari 

and Santoso (2018). Therefore, the formulation of a capacitated vehicle routing problem (CVRP) is 

described to understand the basics.  

Ghiani, Laporte, and Musmanno (2013) state that a graph consists of vertices, arcs, and edges.  The 

difference between arcs and edges is that arcs are directed, and edges are undirected. In a real-life case, 

there are no directed graphs as it is nearly always possible to travel from store A to B and in reverse 

order. So, in this situation, an undirected graph 𝐺 = (𝑉, 𝐸) is given where 𝑉 = {0,1, … , 𝑛} is the set of 

𝑛 + 1 nodes, in other words vertices, and 𝐸 is the set of edges. 𝑣0 = 𝑑𝑒𝑝𝑜𝑡 and the remaining subset 

𝑈 = 𝑉 − {0}, 𝑈 ⊆ 𝑉  corresponds to 𝑛 stores. Every edge {𝑖, 𝑗} ∈ 𝐸 is assigned by a travel time 𝑡𝑖𝑗 . 𝑖 ∈

𝑈 is used to refer to a store and its location and 𝑗 ∈ 𝑈 is used to refer to a store and its next location. 

Each store 𝑖 has a demand given by the variable 𝑑𝑖 that needs to be supplied from the depot. A set of 𝑀 

identical vehicles of capacity 𝑄 are used from the depot to supply all stores. A possible route is given 

𝑅𝑘 = {𝑣0, 𝑣1, … , 𝑣𝑖+1}  where 𝑣𝑖 ∈ 𝑉  and 𝑣0 = 𝑣𝑖+1 = 0 . A solution of the CVRP is given 𝑅 =

{𝑅1, 𝑅2, … , 𝑅𝑚} (Shin and Han, 2011).     
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The most common objective is to decrease the cost and the cost usually corresponds to the distance 

travelled. But in the case of Mediamarkt, the objective for the route model is to minimize the time due 

to strict restrictions and nonrelated travel distance cost.  

min ∑ 𝑡𝑖𝑗

𝑖,𝑗∈𝑉

 

In addition, the goal is to supply all stores, which is a typical node routing problem. If there is only one 

vehicle, 𝑚 = 1, it would be a Travelling Salesman Problem. A symmetric TSP is suitable for inter-city 

transport, 𝑡𝑖𝑗 = 𝑡𝑗𝑖, and a asymmetric TSP is recommended in urban settings because of one-way streets 

(Ghiani et al., 2013).  

Because of the specific knowledge needed to develop a real-world application model, this process is 

often outsourced by a company (Yu et al., 2016). Therefore, Mediamarkt outsources its whole transport 

planning. So, they do not have a direct impact on the way of routing their transport network. In literature 

there are many efficient model strategies, however, in practice it is more complex because of too many 

reality barriers that are hard to implement and compute extra solving time. For this purpose, a simple 

and fast heuristic is chosen. The Nearest Neighbour heuristic is a heuristic of symmetric TSP and uses 

a Hamiltonian path to link the vertices by iteratively searching for the Nearest Neighbour that is not 

linked yet. This simple constructive procedure is easily adjusted with the capacity constraint (Ghiani et 

al., 2013).The pitfall of the Nearest Neighbour heuristic is the last route, which often seems suboptimal. 

However, the heuristic is enough to include the capacity, time constraints and obtain the customer 

service level. A less optimal heuristic results in an overstated travel time per route which is safe. In 

addition, the accuracy of the estimation of the travel times is difficult. It is hard to consider the speed of 

a truck, which depends on infrequent events such as rush hour, traffic light, weather conditions, 

accidents, strikes and organized events (Sheffi and Rice, 2005). Moreover, the one-way lanes, parking 

regulations, number of stop signs and types of roads are often not considered in the used time matrix. 

However, the goal of the route model is to estimate the travel time per store to replenish all stores within 

the given time window of the store. So, the Nearest Neighbour heuristic discussed in the article of Ghiani 

et al. (2013) is suitable for this research. 

2.5 Omni-channel 

In this Chapter, the term omni-channel is explained in detail to understand the company strategy. As 

said in the introduction, omni-channel integrates and coordinates different channels, and the customer 

experience plus overall performance are optimized too (Galipoglu et al., 2018). Therefore, the first 

section is about the developments around omni-channel. The second section is about the channel-shift 

effect of offline and online. The third section is about the rise of competitors in an omni-channel 

environment. 

E-commerce is growing rapidly and parallel with real-time information sharing. The online products are 

divers and sometimes also services are included. The option for additional service by home delivery 

exist at Mediamarkt. Because of advanced technologies, such as high-speed internet, everyone could 

continue sharing real-time information and being up to date. Because of this, omni-channel logistics is 

becoming a more common word used in logistics and supply chain (van Woensel and Broft, 2016). In 

addition, a customer can use the two channels at once to shop and order online and pick-up in-store, or 

the other way around to shop offline and order online to be delivered at home (Li, Zhang, and Tayi, 

2019). The second approach is more beneficial for the store, as it results in cross-selling opportunities 

while the customer visits the store (Li et al., 2019). The disadvantage is that customers in the store are 

mixed with employed pickers for online orders (Hübner, Holzapfel, and Kuhn, 2016).  
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In the article by Hübner et al. (2016), this process is called “Buy online and pick-up in-store” (BOPS) 

which is like Same Day or Next Day pick-up in Mediamarkt’s delivery options. If in-store inventory is 

positive, it is called the same day pick-up order, and if it is negative the customer must wait until it will 

be available in the store. In the case of Mediamarkt this, negative store inventory of a product, will 

become available the next day. The question for a decentralized retail system is where to allocate the 

BOPS revenue (Gao and Su, 2017). The store figurate as a pick-up point and provides the services, 

however it is considered as an online order. BOPS is a channel-shift effect (Li et al., 2019). It decreases 

the online sales (Gallino and Moreno, 2012). All in all, BOPS is very convenient for the customer to 

gather information about the product and availability online, which encourage customers to physically 

visit the store. Especially when the product is already at the checkout counters, which decreases the 

shopping time for the customer. In short, stores are still playing an important role in an omni-channel 

strategy (Buldeo Rai et al., 2019). Therefore, Mediamarkt should benefit from stores.  

Moreover, in omni-channel a customer can easily compare the information about price and quality with 

competitors, which increases the scope of competitors. Competitors can enter the market, that do not 

have a physical store but only operate online. Therefore, the challenge of retailers, who still hold some 

physical stores, is to handle omni-channel. The differences between multi-channel retailing and omni-

channel are that omni-channel focused on integrating the activities across the channels instead of 

optimizing each channel separately (Ailawadi and Farris, 2017). A single-channel competitor is the 

online channel. The number of pure-play internet retail companies grows very fast (Bell et al., 2014). 

Besides that, competitors distinguish themselves with different collections of products and delivery 

options for customers (Murfield et al, 2017).  

2.6 Logistic service providers 

An LSP has the possibility to decide how many transportation requests to accept to operate profitably 

or to choose the cheapest time window to ride and deliver all customers (Sun et al., 2018). This dominant 

position makes it difficult for the retailer to know which LSP is the cheapest and most reliable. However, 

specialized LSPs can play an important role for retailers and make a differentiation point in omni-

channel logistics (Buldeo Rai et al., 2019). Moreover, LSPs are the physical contact person of the 

customer of e-commerce orders (Rai, Verlinde, and Macharis, 2018). According to a study by MetaPack 

(2016), 38% of the customers do not want to order again at a previously used online store because of a 

poor delivery situation. The condition of omni-channel system performance can be improved when LSP 

is integrated into the distribution process (Fairchild, 2014). Thus, good collaboration between retailers 

and LSPs is necessary for an omni-channel environment. In the case of Mediamarkt, one differentiation 

point is the next day pick-up in store before 14:00, which is a fast delivery with a separate LSP. The cost 

of the LSP is high, however a decrease in cost could result in a decrease in reliability. Therefore, it is 

hard to choose the LSP, and between single and double outsourcing. 

2.7 Smart solutions 

In the previous sections, all relevant terms for network optimization in a supply chain are discussed. The 

routes of an LSP are usually not optimally booked for different reasons: less capacity demanded, time 

restrictions, low destination density, et cetera. Therefore, the future of short-haul transport goes to 

carpooling and ridesharing, shared depots and outsourcing deliveries to competitors which gains 

advantages through fewer vehicles, fewer employees, increased truckloads, lowering congestions, 

lowering carbon footprint and improved customer satisfaction. In literature relevant solutions are already 

discussed and the solutions are interested to adapt in Mediamarkt’s current network. In this section, 

some smart solutions are considered: 

1. Combine routes 

2. Urban distribution centres 
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3. Consolidate pick-up and delivery 

 

It would be very eco-friendly and efficient to combine more deliveries in one route. According to 

Savelsbergh and Van Woensel (2016), “Suppliers gain from lower logistics costs, stress benefit from 

fewer deliveries, and the environment profits from a reduction of emissions” (p. 9). A win-win situation, 

but the big challenge is how to organize this consolidation. As said earlier, the two networks of 

Mediamarkt with location synergy could gain from network consolidation. 

One possible solution to how to combine more deliveries in one route and raise efficiency, is to build 

urban distribution centres. A decoupling point can be used to change to other vehicles, which are better 

for the environment and match the restrictions in city centres to improve sustainability (van Woensel 

and Broft, 2016). Moreover, the article by Van Woensel (2016) stated a list of advantages for urban 

distribution centres for an omni-channel strategy. In addition, as mentioned earlier, it gives opportunities 

to solve environmental problems to change vehicle types from the urban distribution centre. According 

to the report by Allen and Browne (2010), it is eco-friendly to start with large vehicles to the distribution 

centres and use only for the last-mile light good vehicles. These light good vehicles consume more fuel 

and release more emissions per metric ton moved.  

Another possible solution is to consolidate pick-up and delivery rides, and make sure that a destination 

is a delivery point and at the same time a pick-up point. These destinations can be a home address, a 

store or delivery boxes. These delivery boxes are unmanned, which solves the problem of people who 

are not at home during the day (Punakivi, Yrjölä, and Holmström, 2001). It is a challenge to combine 

reverse logistics, because of the increase of locations and capacity of the carrier. The carrier often drives 

back empty vehicles to the warehouse, as they fail to collect additional volume in their return (Edwards, 

McKinnon, and Cullinane, 2011). One option is that returns are picked up after all deliveries are served, 

which is easier than implementing the capacity allocation of the vehicle at each address. Another big 

challenge is the parcel points for returns that are not owned by every LSP, and there is no integrated 

information system in place to operate omni-channel (van Woensel and Broft, 2016).  

2.8 Literature summary 

In summary, operating omni-channel has many challenges such as good collaboration with LSPs 

(Buldeo Rai, Verlinde, Macharis, et al., 2019) and finding the optimal inventory level related to the most 

efficient replenishment frequency. Future research on different retail companies and their replenishment 

policy in an omni-channel centralized environment is needed to be able to conclude the best policy in a 

centralized inventory position. In all these challenges the customer satisfaction is central, an advantage 

of omni-channel (van Woensel and Broft, 2016). In the meantime, every retailer wants to reduce the 

transport cost. Generally, a company wants to reduce costs and the costs in logistics can be separated 

into transport, handling and holding costs. Many articles only consider transportation costs (Gevaers et 

al., 2014), while the handling and holding costs are important as well. One of the main solutions for 

reducing the cost is to combine different transport networks (Castillo et al., 2018; Ishfaq et al., 2016; 

Kin et al., 2018; Ulku, 2009; van Woensel and Broft, 2016). This optimum is mostly a threshold between 

the cost drivers and the customer service level. The three important aspects for the customer are the free 

and preferably fast delivery option, sustainability, and the free return option. This results in complexities 

in last-mile logistics (Gevaers et al., 2009). Unfortunately, there is a knowledge gap in quantitative 

research on the consolidation of networks. Therefore, a qualitative review is discussed and quantitative 

research of combining two single networks will be conducted in the research of Mediamarkt’s network 

optimization. The qualitative research shows that combined networks benefit from traveling cost savings 

as well as reduced emission and road congestions. 
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3 Analysis 

In this Chapter, the current transport networks operating in the distribution network of Mediamarkt are 

further explained. Firstly, the right scope is defined. That is followed by a deeper analysis of the 

replenishment network and NDPU network. After that, the synergy between the two networks is 

discussed. In this way, research question one is answered. Furthermore, the demand structure and cost 

drivers are introduced. The defined cost drivers are the answer of research question two.  

3.1 Description of the context 

The current supply chain process is explained in the introduction. The process is analysed by 

interviewing the right people to understand the customer journey of every process. This helps to define 

the scope in more details. In the introduction, Chapter 1.5 Figure 6 on p. 16, illustrates the in-scope 

activities of the supply chain process. Table 2 presents the in-scope and out of scope activities in more 

details. The inbound process of the DC is out of scope, because the inbound process is not yet fully 

operating throughout the DC. So, the data of the inbound products of the DC is not available and 

therefore determined out of scope. The outbound DC exists of transport movements to the stores and to 

customer homes in which to the store, B2B network, is in scope, and the customer homes, B2C network, 

is out of scope. The reason is the location synergy at the stores for two networks in line with the high 

cost of the NDPU network and increase in volumes of the replenishment network. In the DC a storage 

separation between B2B and B2C exists and the transit handling units from B2B to B2C are out of scope 

due to the undefined stock in the DC. Therefore, the sales data at the stores is used to calculate the 

transported volume in the store replenishment, and NDPU network. The SDPU network is almost 

identical to the NDPU network which is explained in the process outbound NDPU later in this Chapter. 

There are 2 LSPs who carrier the sales volume to the stores and the other 3 LSPs are used for other 

destinations. The sales volume is used to calculate the number of pallets per replenishment order per 

week. Moreover, the number of pallets is necessary to obtain the transportation cost of the replenishment 

network. To clarify the out of scope activities, other packaging next to pallets, and the technical systems 

of ordering products, with the use of an application or the website, are out of the scope of this project. 

Because these activities are not relevant for the research question.   

 

Table 2: Activities defined in-scope and out of scope. 

In-scope Out of scope 

Outbound DC Inbound DC 

Transport movements B2C network: Delivery at home 

B2B network, store replenishment Returns 

B2C network: Delivery at store (SDPU, NDPU) 3 other LSPs 

2 LSPs Intern DC operations 

Number of pallets per order volume Other packaging 

Transport costs Online applications and the website 

 

All things considered briefly; the supply chain of Mediamarkt is in their future situation corresponding 

to the situation of this research. A clear Figure of the supply chain and the in-scope activities is given in 

Figure 6 in Chapter 1.5, p. 16. The process of outbound B2B and outbound NDPU is explained in more 

detail.    
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 ‘Process Outbound B2B’ 

The red outline box of Figure 6 clearly shows only the outbound B2B of the supply chain. This network 

is just from the DC to the store operated by one specific LSP. In the current situation, the replenishment 

of the stores is twice a week and a weekly calendar with its activities is shown in Figure 8. 

 

Monday, 24 February 2020 Tuesday, 25 February 2020 Wednesday, 26 February 2020 Thursday, 27 February 2020 Friday, 28 February 2020 Saturday, 29 February 2020 Sunday, 01 March 2020

B2S: Week of Monday, 24 February 2020

7:00 am

17:00 pm

Outbound 
25 stores (x)

Outbound 
25 stores (y)

Receive orders 
for replenishment

Monday & Tuesday

Outbound 
25 stores (y)

Outbound 
25 stores (x)

Receive orders 
for replenishment

Wednesday & Thursday

Picking Transfer orders for B2C
Picking orders for Tuesday

Picking Transfer orders for B2C

Picking orders for Wednesday 
(& Thursday)
Picking Transfer orders for B2C

Picking orders for Thursday

Picking Transfer orders for B2C

Picking orders for Monday (& 
Tuesday)
Picking Transfer orders for B2C

 

Figure 8: Weekly time schedule B2B. 

 

As shown in the Figure, the replenishment is divided in 25 stores on Monday and Wednesday (x) and 

the other 25 stores on Tuesday and Thursday (y). This is done to spread the workload in the DC; the 

remaining question is how the division is made. The pin in the figure illustrates the moment that the DC 

receives the orders of all stores (x + y) from demand planning, which normally happens around 17:00 

on Monday and Thursday. The volume of these orders is used to calculate the average number of pallets 

required per store, and this information is sent to the carrier. The carrier plans the route and in doing so 

informs the DC which pallet has to be placed where for each docking station. In the meantime, when 

the order is placed the picker in the DC can already start picking the orders. The time that the pickers 

are working is dependent on the volumes of orders each day, so this cannot be read from Figure 8. In 

general, the orders placed on Monday are picked and packed on Tuesday and Wednesday and shipped 

on Wednesday or Thursday. Important to mention is that all operations of B2B are in the mid-week. 

Moreover, there is one more picking process that takes place at the B2B DC location, which is for the 

internal transfer of B2C orders. The shelves in the B2C part of the DC are replenished daily by the B2B 

stock. Besides that, there is another network that transports goods from the DC to the stores, namely 

NDPU, which is explained in the following section.  

‘Process outbound NDPU’ 

The outbound for the NDPU is separated because it is a combination of the B2B and B2C as illustrated 

in Figure 6, and it has a different service level.  

The process starts with a customer who orders a product online before midnight and wants to pick the 

order at a store nearby as soon as possible. The order is placed in a software system and noticed in an 

order management system. An availability check is done with the store stock management system and 

specifies one of the two types of orders: 

1. SDPU 

If the order is in stock at the selected pickup store, it is marked as a SDPU independent on the 

pickup time of the customer. In this process, a picker in the store must pick this order within 2 

hours. The order is traced, then picked and placed at the selves by the service desk, and the 

customer receives a message with this information.  

2. NDPU 
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If the order is out of stock or even not in the assortment of the selected pickup store, then the 

order becomes an NDPU order. This means that the order is picked and packed by a picker in 

the DC, in the same way as online orders, and transported to the right store. 

To clear the difference with a normal replenishment in the B2B network, Figure 9 illustrates every action 

of the NDPU process. Arrow 1 represents the information transfer and the stock availability in the stores 

and DC are checked. The order has a code that provides the product type and after that, the order is 

packed and sealed in a carton for safe transportation. Arrow 2 illustrates that the order is located at the 

designated area in the DC and is ready to be shipped. A specific LSP collects all orders at once between 

00:30 and 01:00 each day. Arrow 3 illustrates that the LSP ships all orders to their sorting centre. In this 

centre, the orders are scanned and sorted per store to the right carrier. Arrow 4 represents the transport 

of the orders from the sorting centre to the assigned stores.  

 

 

Figure 9: Action process NDPU. 

 

There are 10 carriers that transport NDPU goods for Mediamarkt as stated in the contract with the LSP. 

So, this is not consolidated with deliveries of other companies. The LSP has a fixed route for these 10 

carriers each day independent of the volume of the products. Before 14:00 every store receives the 

NDPU orders. When the order is booked into the store system then the customer receives a message that 

the order is ready to be picked up. Moreover, the payment for a NDPU order must be completed online 

before it can be picked up. However, not all payments are collected. If the product is not picked within 

14 days, the product is booked in the store stock. The processes around the store are elaborated in the 

next paragraph.  

Related to the previous process, it is useful to show the inbound and outbound of the 50 stores of 

Mediamarkt. The supply chain in Figure 3 clarifies these processes of goods. The suppliers are excluded 

from the figure because they deliver low quantities and volumes, and this is not significant for stores to 

consider. One LSP transports the replenishment orders and another LSP the NDPU orders. NDPU is an 

extra service of Mediamarkt for the customer with the slogan: ‘Order today and delivered in store before 

14:00 the next day’. Besides, it is noteworthy that another LSP deals with the returns.   

The only process that is not described yet, is the ‘normal’ online orders which are delivered at customer 

homes. The network could be exaggerated with stores next to customer homes, the option is elaborated 

in the last research question. However, the focus of this research is chosen to be two networks with 

synergy, as explained in the next section.  

  

 order product NDPU
@Online

Pick & pack order
@DC online

Ship order Sort orders
Deliver order

@Stores1 2 3 4
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3.2 Synergy of networks 

There is synergy between the store replenishment and NDPU network. The locations of both networks 

are the same and the operating time windows are both during daily working hours. More specifically, 

the operating time of the replenishment network is spread over the day, starting with loading the vehicle 

at the DC around 07:00 in the morning. The delivery times at each store should be between the given 

opening hours. These opening hours differ per store, as can be seen in the histogram of Figure 10. The 

Figure shows that, in the current situation, delivery to half of the stores already must happen before 

14:00. It is expected that the impact on time restrictions before 14:00 is probably small. In contrast, 

some clear differences between the two networks are defined in Table 3. 

 

 

Figure 10: Number of stores open for deliveries per timeslot. 

 

In brief, the description of the context and synergy of the networks create an understandable insight of 

the current transport networks. These analyses support the knowledge of the operations in Mediamarkt. 

All the relevant order processes are discussed and even the synergy between them is specified. Together, 

they provide an answer to research question one. For research question two, the demand and their related 

transportation cost are explained in the following two sections. 

 

Table 3: The synergy of two networks. 

 Replenishment network NDPU network 

Frequency Twice a week Daily 

Time restrictions None Before 14:00 

Volume High (+/- 8 pallets) Low (+/- 4 parcels) 

Vehicle types Trailer Van 

Loading/unloading time Long Short 

Vehicle utilization rate Low Low 

Service level Medium High 

Weekend operation No Yes, on Saturday 

Picked in the DC Offline part Online part 
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3.3 Demand 

In the B2B network the volume is depending on the weekly sales in the stores. The sales exist of normal 

sales and SDPU sales. The demand per week is determined based on the sales data of 2019. This dataset 

is cleaned in several steps and some assumptions are made, see Appendix A. The data is simulated in 

the future position of the case, 2021 meaning that 95% of all sales is transported by the B2B network. 

The volume of the sales data is converted in number of pallets. The cycle is one week, for the visibility 

of seasonality over the year. Moreover, the weekly demand can be divided over different replenishment 

frequencies during the week. It is important to understand that all stores 𝑖, including the depot, are in set  

𝑉 = {0, 1, … , 𝑛}. The depot’s demand is zero as the supply to the depot is out of scope. Formula 3.1 

captures the calculation of the replenishment frequency of each store, 𝑓𝑖 . In the current situation of 

Mediamarkt, the minimum replenishment frequency 𝑟 is twice a week. However, this frequency could 

be variable per store per week. For this reason, the variable 𝑓𝑖 is the maximum of a decision variable 𝑟 

or a calculation regarding the demand of the store. This second number is rounded up because it is 

theoretically impossible to visit a store 2,5 times a week. The total store demand of the week, 𝐷𝑖, is 

divided by the maximum delivery capacity of the store at one delivery, 𝑞𝑖.  

 

𝑓𝑖 = max (𝑟, ⌈
𝐷𝑖

𝑞𝑖
⌉) , 𝑖 ∈ 𝑉                                                                                                                                   (3.1)  

 

Formula 3.2 explains the calculation of the demand per store 𝑖, per time of replenishment in the week 𝑠. 

The first demand of the week, 𝑠 = 1 , is the total store demand of the week, 𝐷𝑖,  divided by the 

replenishment frequency of the week, 𝑓𝑖. The second demand of the week, 𝑠 = 2, is the total demand of 

the week minus the first demand of the week, 𝑑𝑖
1 . This is divided by the remaining replenishment 

frequency of the week.  

 

𝑑𝑖
𝑠 =

𝐷𝑖−∑ 𝑑𝑖
𝑠𝑘

𝑠=0

𝑓𝑖−𝑘
, 𝑘 = 𝑠 − 1, 𝑠 > 0        (3.2) 

 

The formulas explained in this section are a preparation for the input variables for the model described 

in Chapter 4. Furthermore, the demand per replenishment frequency of the week is the transported 

volume of the LSP involving associated cost. These costs are explained in the next section.      

3.4 Cost 

The cost of the current transportation network is elaborated. The two networks, replenishment, and 

NDPU, are separated in cost structure caused by two LSPs. The first paragraph is about the cost of the 

replenishment network, and the second paragraph is about the cost of the NDPU network. The relevant 

variables for the cost structure are considered, and hence research question two is answered.  

The current transportation cost of the replenishment network depends on 4 different aspects in the supply 

chain illustrated in Figure 11. The reason for these four aspects are considered in literature to be relevant 

(Daganzo, 2005). The calculation of these 4 aspects is put into formulas, which will be discussed one 

by one.  

 

Figure 11: Cost B2B. 

Handlingcost DC Transportcost Handlingcost Store Holdingcost Store
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The handling cost at the DC refers to the pick pack ship process. However, the weekly demand per store 

is fixed, regardless of the replenishment frequency, therefore the weekly handling cost will remain the 

same. Several reasons for not defining the exact handling cost are discussed in Appendix B. It is assumed 

that the order from Demand planning is in every situation placed on weekly base. So, the handling 

process is similar on weekly base, the only difference is the timing of picking, packing, and shipping 

the pallet. The timing is depending on the number of replenishment frequencies per store and not 

associated with cost. Therefore, the handling cost at the DC are neglected in this research.  

Excluding the handling cost from the total cost structure ensures no cost benefits from a more frequent 

store replenishment. However, the other cost drivers of Figure 11 are still important. The transport from 

the distribution center to a store is measured by a quantity price index per store given by an LSP. The 

transportation cost per replenishment frequency 𝑠, 𝑇𝑃𝐶𝑂𝑆𝑇𝑠, is the sum of the cost, 𝑐, of the number of 

pallets 𝑑 per store 𝑖, 𝑖 ∈ 𝑉. Another cost driver, the handling cost at the store, 𝐻𝑆𝐶𝑂𝑆𝑇𝑠, is calculated 

by the average duration of the unloading time at the store times the wage of a store employee, 𝑤. The 

average duration consists of a fixed 10 minutes administration task and an additional 3 minutes per pallet 

for unloading. In the next step of Figure 11 the goods are transferred from the DC to the stores. One of 

the objectives of this research is to look at the price fluctuations while changing the replenishment 

frequencies. More replenishment often results in lower inventory levels and higher transportation cost. 

However, the ordering cost are not considered which should increase due to more replenishments (van 

Woensel and Broft, 2016). The ordering cost are stated in the literature but the Mediamarkt’s 

centralization strategy does not take ordering cost into account for the orders placed by Demand 

planning at the DC. For this reason, just the holding cost of the goods at the stores are included. The 

holding cost are based on the value of the on-hand stock per year. The value of each weekly demand per 

store 𝑖, 𝑖 ∈ 𝑉 is taken, 𝑣𝑎𝑖 . 

 

𝑇𝑃𝐶𝑂𝑆𝑇𝑠 = ∑ 𝑐𝑑𝑖
𝑠𝑖∈𝑉             (3.3) 

𝐻𝑆𝐶𝑂𝑆𝑇𝑠 = ∑ 𝑤 ∗ (
10

60
+

3

60
∗ 𝑑𝑖

𝑠)𝑖∈𝑉           (3.4) 

𝐻𝑂𝐿𝐷𝐼𝑁𝐺 = ∑ 𝑣𝑎𝑖𝑖∈𝑉                         (3.5) 

 

The holding value of each week is divided by the replenishment frequency of that week, 𝑓. In the case 

of the company, the inventory holding costs are approximated to be 5% of the on-hand value of stock 

per year. This percentage includes costs such as insurance, theft, depreciation, and cost of capital. So, 

these cost are not used as a fixed amount as said in the literature review (Daganzo, 2005). When 

calculating the holding cost per week, the percentage is divided by the number of weeks in a year. The 

other costs are calculated per replenishment time of the week, 𝑠, but the holding cost are per week. All 

single cost formulas are described, which results in the following total weekly cost formula: 

 

𝑇𝐶 = ∑ (𝑇𝑃𝐶𝑂𝑆𝑇𝑠 + 𝐻𝑆𝐶𝑂𝑆𝑇𝑠) +
𝐻𝑂𝐿𝐷𝐼𝑁𝐺

𝑓
∗

1

2
∗

5%

52

𝑓
𝑠=1          (3.6) 

 

Next to the replenishment network, the NDPU network is approached differently. To calculate the 

NDPU cost per delivery, some assumptions must be made. This is mainly due to a lack of specific cost 

related data. There is no indication of the cost per store, per product or per vehicle. The current cost of 

the NDPU network are fixed and given by Mediamarkt, 𝐹𝐶. These cost are based on 6 operating days 



 
36 

 

per week. Therefore, it is assumed that there are 26 working days in a month and the monthly fixed cost 

is simply divided by these days. The daily costs are useful to estimate the cost impact in the redesign 

phase. The effect of a decrease in operating days or increase in volumes is unfortunately not available. 

This results in the following cost function: 

 

𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 =
𝐹𝐶

26
= 3846 𝑝𝑒𝑟 𝑑𝑎𝑦                                                                                                                 (3.7)

  

In summary, the cost drivers are given and a combination of Formula 3.6 and 3.7 will result in total 

weekly cost for Mediamarkt. Hence, research question two is answered. The variables used, such as the 

number of pallets per store per day, are developed in the routing model described in Chapter 4. In 

addition, the redesign models are discussed in Chapter 5. In this way, the daily and final total yearly cost 

are calculated, and the result is discussed in Chapter 6.  
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4 Model formulation 

The information gathered is used to construct the routing model with capacity and time constraints. This 

routing model is extended to implement the cost structure as discussed in section 3.4. Before building a 

model, assumptions are set up and the important ones are discussed in the first section of this Chapter. 

Afterwards, together with the related literature and analysis, the model for the replenishment network is 

built. Finally, the model of the NDPU network is discussed. All in all, this provides the answer of 

research question three.  

4.1 Assumptions  

Several assumptions are made in order to be able to formulate the model and a list of all assumptions is 

given in the Appendix C. To understand the model the 4 important assumptions are as follows: 

• The weekly demand is ordered once a week and equally spread over the number of 

replenishment times. 

• The time restriction of each store reflects the given delivery time windows. For example, store 

x has a delivery time window from 9:15 till 16:00, which results in a time restriction of 405 

minutes. The travel time from and to the depot in a route is excluded.  

• The pallet fill rate is 79.5% based on earlier analyses of Mediamarkt. So, the volume of a pallet 

is calculated in dm3 as follows, 8x12x16,5x0.795.  

• When the replenishment frequency of a store exceeds the 5 replenishment days in a week, that 

store is replenished two times a day.  

In addition, the route model requires input variables and one of the main input variables is the time 

matrix. The addresses of each store are known, so the longitude and latitude are obtained from Google 

Maps. This is used to calculate the Euclidean distance and a time factor is used to obtain a reliable time-

distance matrix, explained in Appendix D.  
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4.2 Model B2B 

The B2B model is based on the Nearest Neighbour heuristic (Ghiani et al., 2013) as explained in the 

literature review, Chapter 2.4. The goal of this model is to obtain useful routes including cost and time. 

The standard strategy to obtain these routes is adapted to the most suitable way to implement the costs, 

as explained in section 3.4. The model formulation consists of different sets and variables, which are 

listed as follows and adjusted from the Nearest Neighbour heuristic discussed in the article of Ghiani et 

al. (2013) 

Sets: 

𝑉 = 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑡𝑜𝑟𝑒𝑠 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑑𝑒𝑝𝑜𝑡; 𝑉 = {0, 1, … , 𝑛} 

𝑈 = 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑑𝑒𝑚𝑎𝑛𝑑𝑖𝑛𝑔 𝑠𝑡𝑜𝑟𝑒𝑠; 𝑈 ⊆ 𝑉, 𝑈 = {1,2, … , 𝑛} 

𝑅 = 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑟𝑜𝑢𝑡𝑒𝑠 𝑅 = {𝑅1, 𝑅2, … , 𝑅𝑚} 

𝑇 = 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 𝑟𝑜𝑢𝑡𝑒 𝑇 = {𝑇1, 𝑇2, … , 𝑇𝑚} 

𝑄 = 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑖𝑒𝑠 𝑝𝑒𝑟 𝑟𝑜𝑢𝑡𝑒 𝑄 = {𝑄1, 𝑄2, … , 𝑄𝑚} 

𝑅𝑘 = 𝑠𝑒𝑡 𝑜𝑓 𝑟𝑜𝑢𝑡𝑒 𝑘; 𝑅𝑘 ⊆ 𝑅, 𝑅𝑘 = {𝑣0, 𝑣1, … 𝑣𝑖+1} 

𝑇𝑘 = 𝑠𝑒𝑡 𝑜𝑓 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑟𝑜𝑢𝑡𝑒 𝑘; 𝑇𝑘 ⊆ 𝑇,          𝑇𝑘 = {𝑡𝑐0, 𝑡𝑐1, … 𝑡𝑐𝑖+1} 

𝑄𝑘 = 𝑠𝑒𝑡 𝑜𝑓 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑟𝑜𝑢𝑡𝑒 𝑘; 𝑄𝑘 ⊆ 𝑄,          𝑄𝑘 = {𝑞𝑐0, 𝑞𝑐1, … 𝑞𝑐𝑖+1} 

𝑌 = 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑖𝑒𝑠, 𝑌 = {𝑌1, 𝑌2} 

𝑊 = 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑡𝑖𝑚𝑒 𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 𝑠𝑡𝑜𝑟𝑒, 𝑊 = {𝑊𝑖, . . , 𝑊𝑛} 

Variables: 

𝑡𝑖𝑗 = 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 𝑓𝑟𝑜𝑚 𝑠𝑡𝑜𝑟𝑒 𝑖 𝑡𝑜 𝑠𝑡𝑜𝑟𝑒 𝑗;  𝑖, 𝑗 ∈ 𝑉 

𝑑𝑖
𝑠 = 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑠 𝑡ℎ 𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑤𝑒𝑒𝑘 𝑜𝑓 𝑠𝑡𝑜𝑟𝑒 𝑖 𝑖𝑛 𝑝𝑎𝑙𝑙𝑒𝑡𝑠, 𝑠 = {2, . . , 𝑓𝑖} 

𝑡𝑐𝑘 = 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑡𝑖𝑚𝑒 𝑎𝑡 𝑟𝑜𝑢𝑡𝑒 𝑘; 𝑐𝑡𝑘 ∈ 𝑇𝑘 

𝑞𝑐𝑘 = 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑎𝑡 𝑟𝑜𝑢𝑡𝑒 𝑘; 𝑐𝑞𝑘 ∈ 𝑄𝑘 

𝑢𝑡𝑖 = 𝑢𝑛𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟 𝑠𝑡𝑜𝑟𝑒 𝑖 (3 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑝𝑒𝑟 𝑝𝑎𝑙𝑙𝑒𝑡)  

Fixed variables: 

𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑜𝑟𝑒; 𝑛 = 50 𝑠𝑡𝑜𝑟𝑒𝑠 

 𝑌1 = 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑠𝑚𝑎𝑙𝑙 𝑡𝑟𝑢𝑐𝑘 𝑜𝑓 18 𝑝𝑎𝑙𝑙𝑒𝑡𝑠, 𝑌2 = 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑡𝑟𝑢𝑐𝑘 𝑜𝑓 33 𝑝𝑎𝑙𝑙𝑒𝑡𝑠 

 

These sets and variables are used to define the Nearest Neighbour route model of the B2B network. The 

following algorithm in Table 4 is modelled in the programming tool Python. The model is used twice 

behind each other. First, the routes with a vehicle capacity restriction 𝑌1 = 18 𝑝𝑎𝑙𝑙𝑒𝑡𝑠 are filled. Three 

stores need to be supplied with this smaller vehicle, so these three stores are modelled in the first routes. 

The reason is the traffic restrictions implemented by the local government (Quak and De Koster, 2009). 

It is still possible that other stores fit the capacity constraints and are included in the routes. After these 

three stores are routed, the model is used again, with a capacity restriction of 𝑌2 = 33 𝑝𝑎𝑙𝑙𝑒𝑡𝑠 per 

vehicle for the remaining stores.  
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Table 4: Model formulation B2B. 

    

Set 𝑹𝒌 = {𝒗𝒊} and 𝒒𝒄𝒌 = 𝟎 𝒂𝒏𝒅 𝒕𝒄𝒌 = 𝟎 

Set 𝒊 = 𝟎 

 While (unvisited note exists) 

𝑞𝑐𝑘 = 0 

𝑡𝑐𝑘 = 0 

  If 𝑡𝑖ℎ = min
ℎ∈𝑈

 {𝑡𝑖ℎ, 𝑡ℎ𝑖}  ∩ (𝑞𝑐𝑘 + 𝑑ℎ
𝑠 ) < 𝑌 ∩ (𝑡𝑐𝑘 + 𝑡𝑖ℎ + 𝑢𝑡ℎ) < 𝑊ℎ ∩ ℎ ≠ 𝑖  

   ℎ is the nearest neighbour.  

Add 𝑣ℎ to set 𝑅𝑘 and 𝑖 = ℎ 

𝑞𝑐𝑘 = 𝑞𝑐𝑘 + 𝑑ℎ
𝑠  

𝑡𝑐𝑘 = 𝑡𝑐𝑘 + 𝑡𝑖ℎ + 𝑢𝑡ℎ 

Add 𝑡𝑐𝑘 to set 𝑇𝑘 

Add q𝑐𝑘 to set 𝑄𝑘 

  Else go back to the depot. Add 𝑣ℎ+1 = 𝑣0 = 0 to set 𝑅𝑘 

   Add 𝑅𝑘 to set 𝑅 and 𝑇𝑘 to set 𝑇 and 𝑄𝑘 to set 𝑄 

Set 𝑅𝑘 = 𝑅𝑘+1 and 𝑇𝑘 = 𝑇𝑘+1 and 𝑄𝑘 = 𝑄𝑘+1 

 End while 

 

The next step is to relate the cost to the routing model. The cost formulas explained in Chapter 3.4 are 

implemented and the transport and handling costs per store visit are calculated per route 𝑘. Hence, the 

total time 𝑇𝑘 is registered. Finally, the total cost is calculated on a daily base as well as the daily total 

number of routes 𝑘 with the related utilization of the vehicle by a vehicle capacity per route in number 

of pallets. In addition, the weekly cost including the holding cost are calculated. There are three types 

of output files from the model, as shown in Figure 12.  

 

 

Figure 12: Output files of the model. 

 

Daily routes

- Number of routes

- Single time

- Cost per route

- Time per route

- Capacity per route

[1 week excel file with one 
sheet for every day]

Weekly routes

- Frequency per store per 
week

- Number of routes per day

- Cost per day

- Time per day

- Capacity per day

[1 week excel file with 
overview sheet]

Yearly routes

- Frequency per store per 
week

- Number of routes per week

- Cost per week

- Time per week

- Capacity per week

[Overview excel file with one 
week per row]
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The described model is built in a way that makes it easily adaptable. Most of the variables are decision 

variables. The way the time matrix is built could even be changeable. A distinction is made between 

input and decision variables, both are used as input for the model. The input variables are the time 

matrix, the types of vehicles used, and the weekly demand per store with the corresponding value of 

demand. Therefore, the way of calculating the replenishment frequency is fixed. The same holds for the 

cost formulas. However, the following decision variables can be substituted: 

• The number in the replenishment frequency formula, 𝑟 

• The time restriction per store 

• The capacity restriction per store 

 

4.3 Model NDPU 

The basis of the model of the NDPU network is like that of the B2B model. The NDPU network differs 

in time restrictions and the sequence, which are the decision variables. Another difference is the volume, 

which is drastically lower than that of the B2B model. Therefore, it is unreasonable to use the same 

types of vehicles. On the other hand, the cost of the NDPU network is a fixed daily cost and not affected 

by the transport volume or travel time. Rationally thinking, it is purposeless to model this network 

separately from the B2B model. Because in the model the cost of the NDPU cannot be considered. So, 

new suggestions to implement this network in the model redesign are discussed in the next Chapter.  

Overall, research question three is answered in this Chapter. The model of the current situation for the 

replenishment network is stated and can be used as basis for the redesign part of this research.  
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5 Redesign  

In the previous Chapters, the analysis part of this research is evaluated with the intention to combine the 

network of replenishment orders and the network of NDPU. The redesign possibilities are discussed in 

the first part of this Chapter, to be able to answer research question four. This is followed by the 

procedure to find the minimum cost scenario. Table 5 presents an overview of all scenarios and their 

matching abbreviation. These abbreviations are used to clearly understand the differences. 

 

Table 5: The scenarios of the redesign. 

Scenarios 

Maximum capacity restriction 

r = 2/3/4/5 

33 pallets 

 

20 pallets 

 

15 pallets 

Basic scenario  S33 S20 S15 

Add Timeslot restriction S33T S20T S15T 

Add NDPU demand separate S33TNS S20TNS S15TNS 

Add NDPU demand combined S33TNC S20TNC S15TNC 

 

5.1 Redesign possibilities 

The goal of the redesign is to answer the main research question, by searching for the optimal 

distribution network from one DC to all stores of Mediamarkt. An optimal network is the scenario with 

the minimum total cost. It is expected that the consolidation of the two networks will save cost, reduce 

the number of vehicles, and gain environmental goals (Savelsbergh and Van Woensel, 2016). The 

NDPU network cannot be modelled equal to the replenishment network due to the undefined NDPU 

cost per volume per delivery. However, the simulated B2B model suggests adding the NDPU volume 

to the replenishment demand variable and tune the decision variables in the requirements of the NDPU 

network. Figure 13 is an illustration of a possible consolidated scenario in which the grey colored NDPU 

van is excluded from the model. However, the NDPU network operates in the weekends, so there exist 

always one day per week a NDPU network. In this situation, the cost drivers of the B2B network are 

applied to the NDPU volumes as well. To reach the consolidation different redesign scenarios and their 

importance are explained and discussed in this section. To start with the first column of Table 5. 

 

 

Figure 13: Network consolidation in Mediamarkt's supply chain. 

 

First, the current situation must be modelled. In this situation, the B2B network is used at least 2 days 

in the week, r=2. The frequency per store is dependent on the weekly demand of the store, as explained 

in formula 3.1. The capacity restriction of each store is for simplicity set to the vehicle restriction per 
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store, which is 33 pallets for all stores, except 3 stores which can only be delivered by a vehicle with a 

maximum of 18 pallets per store. Appendix E presents a list with stores and their corresponding capacity 

restrictions per scenario. Due to centralization the number of pallets per store increases, so what if the 

replenishment frequency increases as well. Therefore, the basic situation is called S33 at which the 

minimum replenishment frequency can differ between 2, 3, 4 or 5.  The S refers to ‘Scenario’ and the 

33 refers to the capacity restriction of 33 pallets for nearly every store. For this purpose, the effect of 

different replenishment frequencies can be measured. 

In S33, the time window to deliver at the store is defined as the current opening hours of the warehouse 

of the store. However, before combining the NDPU network with this B2B network, it is important to 

look at the impact of changing the time windows by all different replenishment frequencies. The time 

impact can be easily distinguished from the increase in volume due to consolidation. For this reason, 

this is included in a new scenario, S33T. In this category, the time windows per store have a maximum 

of 360 minutes. Appendix E presents the time restriction per individual store. These 360 minutes refer 

to the timeslot that the store opens, at 9:00 in the morning, and the latest delivery time, at 14:00 in the 

afternoon. The time to load the vehicle at the DC and to drive to the first store is excluded from the 

model because it depends on the location of the first store and can be corrected by the departure time at 

the DC. 

However, in S33 and S33T the NDPU network is operating parallel. The next scenario category, 

S33TNS, is focused on combining the volumes in the current B2B network. The first step is to analyse 

the NDPU sales data set. The NDPU sales are recorded in a separate dataset, that is aggregated daily. 

The daily sales are matched with the corresponding week and combined with the volumes in the B2B 

network. The combination only holds for the minimum replenishment frequency days of the week, r. 

The other days of the week some store replenishment and the remaining NDPU volumes on these days 

are not combined. So, the most consolidated scenario is to add the daily NDPU sales per store to a 

weekly store demand with a replenishment frequency of 5. Because, in this scenario nearly all NDPU 

sales is consolidated in the B2B network except the NDPU sales on Saturday, so separated transport is 

only necessary once a week. The combined scenarios refer to S33TNS and S33TNC with all different 

replenishment frequencies. This is useful to find the optimum of combined and separated NDPU 

volumes on the days of the week.   

The volume of the daily NDPU demand is known for each day of the year. Moreover, there is the option 

to implement these volumes separately from the pallets of the replenishment volumes, or the option to 

consolidate these volumes. The volumes in the NDPU network exist, on average, of 4 packages and this 

will in most of the cases not fill 1 pallet. Therefore, it is beneficial to combine this NDPU volume with 

the weekly store replenishment volume on a pallet. However, due to the split in online and offline sales 

in the DC, this might result in complications in practice. For this reason, two different scenarios are 

built. The S33TNS has its volumes separated on the pallets and S33TNC has its volumes combined on 

the pallets.      

In Table 5, the 4 categorical scenarios are presented at the first column and discussed. These categories 

are utilized to find the optimal situation, with the cheapest minimum replenishment strategy. However, 

there are more possibilities that need to be considered. In the previous scenarios, the capacity restriction 

is assumed to be the same as the vehicle restriction of the store. In the current situation of Mediamarkt, 

the stores receive a number of pallets per delivery between 8 and 15 pallets. However, this restriction 

per store is not applicable in the future situation, due to the centralization strategy which results in a 

drastically increase in B2B volumes. For this reason, an estimated capacity restriction of 20 and 15 

pallets per store is implemented, referring to S20 and S15. These restrictions are also used in every 
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scenario category. These additional redesign possibilities play an important role to understand the effect 

of capacity restrictions on the total cost.  

5.2 Presented results 

The results of the scenarios are the key input to find the optimal trade-off, the balance between the cost 

and the service level. It is important to notice that the scenarios sketch the complete situation, so every 

scenario has some separated NDPU network cost. For example, scenario S33TNS with r=2 implies that 

the other 4 days of the week the NDPU network should be active to obtain the service level. In this case, 

4 days of NDPU cost must be added weekly. All the scenarios with the related NDPU cost are given in 

Table 6. In case of comparing the mutual scenarios, the total cost results are customized with NDPU 

separated cost to have a fair comparison. 

 

Table 6: Scenario category with NDPU cost. 

Scenario 

category 

Replenishment 

frequency r = 

NDPU separated cost  Daily NDPU demand 

Sxx 2 and 3 and 4 and 5 6 ∗ 𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 No 

SxxT 2 and 3 and 4 and 5 6 ∗ 𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 No 

SxxTNS 2 

3 

4 

5 

4 ∗ 𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 

3 ∗ 𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 

2 ∗ 𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 

1 ∗ 𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 

Yes, separated pallets 

SxxTNC 2 

3 

4 

5 

4 ∗ 𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 

3 ∗ 𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 

2 ∗ 𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 

1 ∗ 𝑐𝑛𝑝𝑑𝑢𝑑𝑎𝑖𝑙𝑦 

Yes, combined pallets 

 

To sum up, in this Chapter all relevant scenarios for the research are discussed, answering research 

question four. These scenarios are performed, and the results are given in the next Chapter. The results 

consist of different insights to show the impact of a scenario with different replenishment frequencies 

on several aspects. The total cost only is sometimes not enough to analyse the impact of a scenario. In 

the result the impact on the number of routes or vehicle utilization are discussed as well to give a clear 

overview of the insides for Mediamarkt. For this reason, it is chosen wisely which variables are 

necessary to discuss for each scenario contrast.    
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6 Results 

In the previous Chapter, all scenarios are introduced and the relevant adaptions on the decision variables 

per scenario are explained. In this Chapter, the results of all these scenarios are analysed and discussed. 

This Chapter starts with the results of the different replenishment frequencies on S33. This is followed 

by the comparisons with time restrictions, S33 versus S33T. This is then expanded with the comparison 

with capacity restrictions S33T, S20T, and S15T. Afterwards, the consolidated network scenarios 

S33TNS and S33TNC are set side by side. In the end, the total cost overview of all scenarios is given, 

and the best scenarios are explained in more details. Moreover, the validation of the results is discussed 

as well. These results are used to formulate an overall conclusion and answer to the main research 

question in the next Chapter.  

6.1 The basic scenario 

The first basic scenario is the B2B network separated from the NDPU network. In Figure 14, the total 

weekly cost of the replenishment network and NDPU network is illustrated in 4 different replenishment 

frequencies (r). The NDPU costs are irrelevant in this scenario, because it is a fixed price of six times 

the NDPU daily cost. However, it is included in the Figure to fairly compare the costs with other Figures. 

As shown in the Figure, the higher the replenishment frequency, the higher the total cost. In addition, 

the seasonality of Mediamarkt is clearly illustrated and shows a reliable cost structure. Week 4 is part 

of the promotion week of Mediamarkt, the VAT days. Similarly, the peak in week 48 refers to Black 

Friday and the last weeks of the year show the impact of public holidays on sales.  

 

 

Figure 14: Total cost over the year, S33. 

 

The total cost is divided into transport cost, handling cost per store, holding cost and NDPU cost as 

explained in Chapter 3.4. This cost structure is easy to follow in Figure 15, where the yearly total cost 

is divided and differentiated with the frequency levels of replenishment. It is important to notice that the 

transport cost has a greater influence on the total cost, in comparison with the handling cost per store 

and the holding cost. The transport cost is 50-61% of the total cost. The handling cost is based on the 

relatively short unloading time and the wage of a store employee and only 2% of the total cost. More 

replenishments per week result in an increase of handling cost due to the fixed time of the unloading 

process. On the contrary, more replenishments per week result in less holding stock, thus, it is expected 

that the holding cost decreases. The holding cost are 8-3% of the total cost and the NDPU fixed daily 

cost are 40-33% of the total cost.  
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Figure 15: Cost structure, S33. 

 

Another important aspect is the impact of the different replenishment frequencies on the total number 

of routes. Logically, it is expected that the number of routes increases because the number of stops at 

each store per week increases. However, due to a higher number of stores visited per route, the total 

number of routes is almost similar, presented in the yearly total number of routes in Appendix F1. For 

this reason, a snapshot of the number of routes in a busy (week 4), average (week 10), and calm (week 

16) week is given in Figure 16, to help to understand the effect. In the middle of the Figure, week 10 is 

presented, in which the average number of weekly routes is between 56 and 64. The number of trucks 

necessary to supply all stores is hardly affected in a busy week, and the effect in an average and calm 

week is a slightly increase, especially at r=5. In this case, it should be questioned; what is optimal for 

the DC handling and store handling, a lot of pallets at once (r=2) or less pallets spread over the week, 

for example r=5.   

 

 

Figure 16: Number of routes in three specific weeks, S33. 

  

€-

€50 

€100 

€150 

€200 

€250 

€300 

€350 

€400 

Sum of Total Sum of
Transportcost

Sum of
Handlingcost store

Sum of Holding
cost

Sum of NDPU cost

x 
1

0
0

0
0

Cost structure (S33)

r=2

r=3

r=4

r=5

194

56
42

199

57
42

196

57
46

199

64
49

0

50

100

150

200

250

Busy (Week 4) Average (Week 10) Calm (Week 16)

N
u

m
b

er
 o

f 
ro

u
te

s

Number of routes in specific weeks (S33)

r=2

r=3

r=4

r=5



 
47 

 

6.2 Time restrictions 

In comparison with the previous scenario S33, scenario S33T has a stricter time window. This scenario 

includes that the stores with a normal time window longer than 360 minutes are adapted to a shorter 

time window. Although, time does not have any impact on the cost, because all cost structures are not 

depending on travel time. The number of pallets to deliver per store on a weekly base is similar. The 

only aspect that differs is the route structure. A shorter time window results in a few more routes, 

however, the result shows that the variance is neglectable. The increase in number of routes is less than 

1% yearly and is even on a weekly base. Figure 17 illustrates the patterns of the number of routes of both 

scenarios Sxx and SxxT. The total yearly number of routes for r=2 with S33 and S33T is 3677 versus 

3682, an increase of 5 routes per year. In Appendix F2, the numbers of S20 and S15 are presented as 

well with similar results and all replenishment frequencies. 

Remarkable is that the total travel time slightly decreases. The reason is, that it is assumed that the time 

from and to the depot is excluded. In other words, more routes indicate less combined stores in each 

route which results in a decrease in travel time in between stores in a route. An example is given in 

Appendix F2. Furthermore, vehicle utilization decreases, similarly to the number of routes, because the 

total capacity is the same but transported over more vehicles, as presented in Table 9 in Appendix F2.  

 

 

Figure 17: Total yearly number of routes, Sxx - SxxT. 
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6.3 Capacity restrictions 

In the previous comparison, the difference in time restrictions is discussed. The conclusion of the 

previous comparison is that S33T does not have a significant impact on scenario S33. Therefore, only 

SxxT is used in the upcoming comparisons. Another decision variable is the capacity restriction per 

store. In S33T, the capacity restriction is based on the vehicle restriction per store. A scenario of a 

maximum of 20 and 15 pallets per store is built to analyse the impact of the 3 different capacity 

restrictions per store.  

A restriction is a maximum, and a higher minimum replenishment frequency (r) results in a decrease in 

number of pallets per delivery. For example, in S33, a store with a weekly demand of 60 pallets and a 

minimum frequency level of 3 must unload only 20 pallets per delivery. S15 is closer to the current 

restrictions per store of Mediamarkt, however, this results in a higher number of visits per store 

according to formula 3.1. Figure 18 makes it easier to understand the replenishment frequency formula. 

A normal week scenario with a big difference in replenishment frequencies is shown. For this example, 

S15T, the input variable r=2, and the demand of week 1 are used. The result shows that half of the stores 

must be visited more than twice. In Appendix F3, scenario S33T and S20T are also illustrated resulting 

in less difference between stores. In addition, the yearly overview of replenishment frequencies of a 

small, average, and large demanded store is illustrated in the Appendix F3. These overviews show that 

the replenishment frequency per store fluctuates per week while the input variable is two, r=2.  

 

 

Figure 18: Replenishment frequency per store, S15T r=2 week 1. 

 

In Figure 19, the 3 different capacity restrictions are plotted with the number of routes. The first bar 

refers to scenario S33T, the second bar to scenario S20T, the third bar to scenario S15T, and all 4 

replenishment frequencies are given. S33T with r=2 is referring to 100%, for simplicity, to show the 

percentual impact on the number of routes of a capacity decrease and replenishment frequency increase 

in the Figure. The bars illustrate a small difference, which is surprising because the capacity restriction 

largely decreases. When the replenishment frequency is at the minimum of 2, a decrease in capacity 

restriction results in more routes due to the high demand of certain stores that must be visited more than 

twice. A higher frequency number, r=3 and r=4, presents that S15T has less routes than S20T which is 

remarkable. This is caused by the capacity restriction of 20 pallets, which is more difficult to combine 

with another store with high demand, as the vehicle restriction is 33 pallets. In addition, labels on the 

bottom of the bar represent the number of weekly routes, to understand the weekly effect. If r=2 the 
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maximum weekly number of routes is 76 corresponding to 37 daily number of routes or a bit less due to 

higher replenishment frequencies of some stores. This daily number of routes decreases as the 

replenishment frequency increases.   

 

 

Figure 19: Number of routes scenario S33T - S20T - S15T. 

 

Similarly, the total cost per year per scenario, including NDPU cost, is presented in Figure 20. The 

differences in costs for the two outer scenarios, S33T compared to S15T, are a 14% increase for r=2 and 

a 3% increase for r=5. This implies that a higher frequency level means a lower number of pallets 

delivered per sequence. At higher frequencies, the capacity restriction is unknowingly held. Therefore, 

a lower capacity restriction per store has a smaller impact on a higher replenishment frequency level. 

 

Figure 20: Total cost per year, S33T - S20T - S15T. 

 

6.4 Consolidated networks 

There are two more scenarios that are important to discuss, because these are the consolidated network 

scenarios. The results indicate a decrease in the number of pallets in S33TNC in comparison with 

S33TNS, because the volumes of B2B and NDPU are consolidated on the pallets. More specifically, the 

number of pallets for r=2, decreases from 105,275 to 103,987, a 1.2% decrease yearly. For r=3, a similar 

decrease is found. The cost function depends on the number of pallets, and therefore the total cost 
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decreases too for S33TNC. Similarly, the number of routes slightly. These 3 aspects and small effects 

are shown in Figures in Appendix F4. The result is that S33TNC is in every aspect better than S33TNS.  

Concludingly, the percentage differences between separate and combined pallets are very small. 

Nevertheless, the vehicle utilization does not change because of a similar proportion of decrease in 

capacity and in number of routes. However, the pallet fill rate in scenario S33TNC is higher because the 

total capacity in number of pallets decreases with the same volume of B2B and NDPU. More details are 

given in Chapter 6.6.    

6.5 Overview of all scenarios 

The effect of the three decision variables is presented separately and the mutually difference of the 

consolidated networks is discussed in the previous sections. In this section, the differences between all 

scenarios are presented.  

The main question is, what is the optimal scenario? Therefore, the cost differences are relevant to 

consider. The graph in Figure 21 shows the total annual cost for all scenarios, consisting of transport 

cost, store handling cost, holding cost, and NDPU cost. The more detailed version of the graph with 

these cost separated, and the related amount are given in four graphs in Appendix F5. In addition, for 

the management of the company additional information such as the total time, capacity, number of 

routes, and vehicle utilization is given in the Appendix F5. The graphs present a similar pattern as Figure 

21, only separated per replenishment frequency. Hence, Figure 21 presents in one overview the 

differences in cost per scenario. As can be seen in the Figure, the consolidation of the two networks 

results in a cost reduction, because SxxTNS and SxxTNC are the cheapest in every capacity restriction. 

Important to mention is that the direction of the total yearly cost change from an increase to a decrease 

in S20TNS, S20TNC, S15TNS, and S15TNC while the replenishment frequency increases. This is 

further elaborated in Figure 22.  

 

 

Figure 21: Total cost per year of all scenarios. 

 

6.6 Consolidated networks details 

The differences between the cheapest three scenarios, S33TNC, S20TNC and S15TNC are presented, 

including the different replenishment frequencies, in Figure 22. The Figure and the Table below the 

Figure, show that the effect on the cost of the three SxxTNC is low. Note that the vertical axis starts not 

at zero. And, the effect on cost is even lower when the replenishment frequency increases. This trend is 

like the number of yearly routes which is presented in Appendix F6.  
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Figure 22: Total cost chart, SxxTNC. 

The yearly total cost of every scenario consists of the B2B network cost and the NDPU network cost. 

The network consolidation is in the B2B network, and the cost increases as the number of replenishment 

frequencies increases. This was also shown at the beginning of this Chapter in Figure 14. On the other 

hand, in the consolidated scenarios, the separate NDPU network cost decreases because a higher 

replenishment frequency goes together with more consolidated network days in the week and so less 

separated NDPU network days. An illustration of the trendline of these opposite cost components is 

given in Appendix F6. The sum of the costs of these two networks result in a trendline of every scenario 

presented in Figure 22. The S33TNC cost increases while the replenishment frequency increases. 

However, the cost for S20TNC and S15TNC decrease, because the increase in cost of the consolidated 

B2B network is more than compensated by the decrease in cost of having a separate NDPU network. In 

addition, in Appendix F6 a replenishment frequency of 6 is discussed to notice that the total cost follows 

the same direction in every scenario and no new minimum is found by the savings of one extra day 

NDPU network cost, so r=2 with a capacity restriction of 33 is still the cheapest scenario. 

Moreover, next to the cost difference the capacity restriction has an impact on the number of deliveries 

per store per week. The average number of deliveries per store in the three different scenarios are 

illustrated in Figure 23. The Figure shows that for every minimum replenishment frequency the average 

number of deliveries per store per week increases while the capacity restriction lowers. In addition, the 

higher the replenishment frequency the lower the difference in average number of deliveries per store 

per week. Note that the average number of deliveries per store per week is sometimes higher than 5 due 

to formula 3.1 in combination with peak weeks.  

 

Figure 23: Average number of deliveries per store per week, SxxTNC. 

r=2 r=3 r=4 r=5

S33TNC 2,2 3,16 4,2 5,2

S20TNC 2,64 3,34 4,28 5,26

S15TNC 3,46 3,62 4,44 5,38
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Two possible scenarios are considered in more detail, the cheapest one, and the practically more feasible 

one. The cheapest scenario is S33TNC with r=2. However, as said earlier, the replenishment frequency 

is not the same for every store in case of a minimum of 2. So, in this situation, a week planning consists 

of different replenishment stores per day. Two days with consolidated networks and another day with 

replenishment for only a part of stores with frequencies of 3 or even 4 or 5. In addition, on the other four 

days, the NDPU is operated separately as well. For this purpose, the practical best scenario is S33TNC 

with r=5. The advantages of this scenario, which will shortly be discussed in further detail, outweigh 

the cost increase of 1.82%. The differences in results are shown in Table 7. The average number of 

pallets per store is calculated to give a rough indication of the decrease in pallets per store when the 

replenishment frequency increases. This rough average is the total yearly capacity in pallets divided by 

a multiplication of 52 weeks, 50 stores and r store visits. A precise histogram of the number of pallets 

per store in week 1 with a frequency of 2 and 5 is given in Figure 41 in Appendix F6. The histogram 

shows that the average of pallets per store for r=2 is higher than for r=5 which is similar to the 20 and 8 

pallets per store in Table 7.  

 

Table 7: Difference between S33TNC r=2 and r=5. 

 r=2 r=5 Difference 

Cost €2,648,140. - €2,696,344. - 2% 

Number of Routes 3830 3986 4% 

Average vehicle utilization in 

pallets 

27.15 27.29 0% 

Average number of pallets per 

store 

20.00  8.36 -58% 

NDPU network per week 4 days 1 day -75% 

 

Moreover, the advantages of r=5 are summed up with the use of Table 7: 

• The daily structure in the week is easier to follow. During the mid-week, a consolidated 

replenishment takes place at every store every day. Only on Saturday, the NDPU networks 

operates just for NDPU orders.  

• The number of routes increases by per year in comparison with r=2. However, this number is 

lower than using the NDPU network an additional three days per week. Consequently, in total 

less routes are required, which is eco-friendlier. 

• The average number of pallets per store is less and easier to handle for a store in one day. 

Because the warehouses at the store are not built to handle a full truck load at once.   

• Fewer errors would occur in the pick and pack process in the DC, because no exceptions for 

specific stores or NDPU orders must be made. 

• The last-mile delivery must be frequent and in a short time horizon in a omni-channel strategy 

(van Woensel and Broft, 2016). 

6.7 Cost NDPU in online network 

The network of Mediamarkt allows for another option for the consolidation of NDPU orders. It is 

assumed that the NDPU orders are like parcel orders in the home delivery network. Therefore, it could 

be beneficial to analyse the total cost of NDPU transported in the online network. The analysis, cost 

calculation, and conclusion are given in this section to answer research question six. 
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The restrictions in the current online network are the size and the weight per order. The provided 

information of the operating LSP states that each order between the 10x10x1cm and 100x70x58cm is 

accepted when the weight is less than 31kg. In this research, it is assumed that all NDPU orders meet 

these requirements, because otherwise the customer would have chosen a different delivery option. The 

number of NDPU orders per year for Mediamarkt consist of around 150.000 packages. The cost of one 

online package with an additional fee to deliver before 14:00 is given. So, the calculated NDPU cost 

merged in the online network is around 1,9 million euros. This number is underestimated as some 

packages are bigger or heavier than the used restrictions of the LSP. Moreover, officially, an extra cost 

fee should be required when the value of the product is more than €150,-.  

The cost of the current situation is lower, 1,2 million euros for the yearly NDPU cost. So, the rough cost 

of the NDPU network consolidated in the online network results in a drastically increase in cost of 58%. 

This is the answer of research question six and the service level of the customer is not affected because 

the time restriction is considered. Therefore, it is redundant to analyse this situation and its costs in more 

detail. To conclude, the daily NDPU cost are in any aspect lower than the cost of NDPU consolidated 

in the online network.  

6.8 Validation of the results 

For the validation of the results the model is discussed with experts of Mediamarkt. The major result of 

the model is the total cost per scenario. The total cost is measured among the three decision variables; 

time restriction, capacity restriction, and replenishment frequency. Therefore, the total cost formula 3.6 

is repeated with its relevant variables: 
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𝑓
𝑠=1      (3.6) 

 

Firstly, the fluctuation in the time restriction per store does not affect any of these variables. The demand 

per delivery per store is not affected by time referring to formula 3.1, because the replenishment 

frequency per store is not depended on the time only on the capacity restriction. Moreover, the transport 

cost used in this model is dependent on the number of pallets and location of the store. The cost matrix 

is given, and the travel time is indirectly counted because one pallet for a store nearby the depot is 

cheaper than one pallet for a store in the north of the Netherlands.  

Secondly, the capacity restriction per store has an effect. It is expected that when the capacity restriction 

lowers, for example from 33 pallets to 20 pallets, the total cost increases. In practice, this means that 

one store is not able to receive a full truck load of 33 pallets at once. Applying this to the total cost 

formula it is derived from an increase of the replenishment frequency, 𝑓. The demand per store per 

delivery decreases due to the capacity restriction. However, the number of deliveries per store per week 

increases, because the total weekly replenishment volume stays the same. As said earlier, the difference 

in transport cost between 5 and 10 pallets is higher than between 10 and 15 pallets. Therefore, the total 

cost increases. This validates the results. 

Thirdly, the replenishment frequency is derived as well from the total cost formula. An increase in the 

minimum replenishment frequency results in less demand per delivery per store, which results in higher 

cost as explained in the previous paragraph. Therefore, the total cost structure in Figure 14 is validated 

in agreement with Mediamarkt.  
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6.9 Discussion of the results 

The results shown in this Chapter have given insides in the effects of several parameters and variables 

on the total cost of both networks. Note that assumptions are made in Chapter 4.1 in order to be able to 

build the model. Therefore, three assumptions must be discussed: 

• The cost of the NDPU network is a fixed amount, based on 6 delivery days per week to every 

store. When the NDPU network and the replenishment network are only consolidated for some 

days in the week, the assumed daily NDPU cost might increase due to less operating days for 

the LSP. However, unfortunately the amount of increase in daily cost is hard to consider. In 

addition, good collaborations with the LSP, operating the B2B network, should be made in order 

to maintain the service level with a strict time window (Buldeo Rai et al., 2019; Fairchild, 2014). 

In general, a larger number of items, NDPU and replenishment, for one store should decrease 

the transportation cost per item (Daganzo, 2005). Therefore, the assumed cost seems to fit the 

results as expected.  

• Another discussion aspect is the pallet fill rate which results in adopted number of pallets per 

store per week. It is difficult to predict the fill rate percentage, and the product mix will change 

when 95% of the suppliers operate via the DC. However, the percentage can easily be adapted 

in the model. Furthermore, when the fill rate is higher, the total demand in number of pallets 

will decrease, and so will the total cost. It is examined that a fill rate increase from 79.5 to 100 

percent results in a total yearly cost decrease of 10%. So, to reduce cost even further the pallet 

fill rate should be as high as possible.  

• Moreover, the shift from offline to online shopping in the market is not considered in the 

research. The trend of visiting showrooms and then ordering online could compete away the 

position of Mediamarkt (Gao and Su, 2017) or even decreases the replenishment volumes to the 

stores. In contrast, the online SDPU and NDPU delivery options encourage people to come to 

the store and take the product out of the store stock instead of the online stock (Hübner, Kuhn, 

and Wollenburg, 2016). Therefore, it is hardly unpredictable how the market shift will impact 

the replenishment volumes of Mediamarkt.   
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7 Conclusions and recommendations 

The results have been discussed comprehensively, and the six research questions are answered. In this 

Chapter, the main findings of the research are presented. First, the answers to each research question is 

presented to finish with the answer of the main research question. Second, recommendations and further 

research are given. In the end, practical implications are discussed.  

7.1  Conclusions    

The research questions are repeated followed by a brief answer. 

 

1. How are the current transport networks in the distribution network of Mediamarkt operated and 

what are the related order processes? 

Mediamarkt has two networks with location synergy in which the NDPU network has a time restriction 

and is more expensive and frequent than the replenishment network. The NDPU network operates every 

day and supplies online customer orders the next day from the DC to the stores before 14:00. The 

centralisation strategy of Mediamarkt implies increases in the volumes of the store replenishment 

network and this affect the current replenishment frequency and so the cost structure. 

 

2. How is the current transportation cost of the replenishment and NDPU network calculated and 

what are the relevant variables?  

Both networks are operated by single LSPs which are the main cost drivers. The replenishment 

network generates a cost based on the number of pallets per store per delivery. The NDPU network 

has a fixed monthly cost independent of the volume or location and this amount is adapted to a daily 

cost. In addition, next to the transport costs the handling and holding cost are relevant to consider for 

the replenishment network. The handling cost at the DC are considered, but the cost did not influence 

the decision variables in the model. The cost is excluded, however, the handling cost at the store are 

included with a fixed and variable cost per delivery depending on the number of pallets. The holding 

cost at the store are important as well, because the cost decreases while the replenishment frequencies 

increases. So, the relevant cost variables are the transport cost, handling cost at the store, holding cost 

at the store, and the daily NDPU cost. 

 

3. How to model the current network of store replenishment and the current network of NDPU?   

The model built to be able to experiment on different scenarios and to obtain a time restriction is a simple 

Nearest Neighbour heuristic. The routing heuristic is a fast way to simulate the replenishment network 

on daily base. The routes have time limits and consist of a maximum truck capacity. In addition, the 

time and capacity restriction of every individual store are included. The obtained route is used to 

calculate the total cost per route per day. The model has 3 decision variables: the replenishment 

frequency per week, the time restriction, and the capacity restriction of the store.    

 

4. What are the possibilities to combine the network of store replenishment orders and the network 

of NDPU?  

The NDPU network is implemented in the store replenishment simulation model due to the fixed NDPU 

cost. The NDPU time restriction of delivery before 14:00 is set. Moreover, the combination only holds 

for the days in the week that the replenishment network operates. The other days the NDPU network 
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must operate separately. Therefore, different redesigns are considered by tuning the decision variables 

of the model. First, the current replenishment situation is modelled. Second, the time restriction is added. 

Third, the NDPU volume separated from the replenishment pallets is added. These redesigns are 

modelled for a replenishment frequency of 2, 3, 4, or 5 times per week. However, the NDPU orders 

could also be combined with the replenishment orders on the pallets. Fourth, the NDPU volume 

combined is added. In addition, all these scenarios are compared against 3 capacity restrictions: 33 

pallets, 20 pallets and 15 pallets per store. Table 5 in Chapter 5.1 gives a structured overview of the 4 

times 3 scenarios.  

 

5. What is the impact on the cost in the combined network of replenishment orders and the network 

of NDPU?  

The possibilities to combine both networks are elaborated and the impact on the cost is measured. The 

total yearly cost of all scenarios is illustrated below in Figure 24. The basic scenarios S33, S20 and 

S15 show that an increase in replenishment frequency results in an increase in total cost. Moreover, 

the transport costs have a great influence on the increase in total yearly cost. The great influence is 

recognisable in the last-mile cost of Gevaers et al. (2009). On the contrary, the holding cost decreases 

while the replenishment frequency increases. The cost variables are the transport cost 50-61%, 

handling cost at the store 2%, holding cost at the store 8-3%, and the daily NDPU cost 40-33% of the 

total yearly cost. In addition, the next scenario, S33T, S20T and S15T are similar in cost. It is 

concluded that the time restriction of 360 minutes per route does not have any impact on the total 

yearly cost. Furthermore, the lower the capacity restriction the higher the total yearly cost. The 

difference in cost between the replenishment frequencies decreases while the capacity restriction 

lowers. All in all, the Figure clearly illustrates that the consolidated scenarios, SxxTNS and SxxTNC 

are in every capacity restriction cheaper. To be specific, the networks combined on the pallets, 

SxxTNC, is the cheapest scenario category.  

 

 

Figure 24: Total cost per year of all scenarios. 

 

6. How much would the cost change if the NDPU network is integrated into the online network 

and would this affect the service level of the customer?  

The consolidation of the NDPU network with another network, namely the online network results in a 

58% increase in total yearly cost. Due to the high increase in cost this option is not further elaborated. 
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Finally, the main research question can be answered: 

How can Mediamarkt optimize its distribution network from one DC to 50 stores in the 

Netherlands to reduce cost while maintaining or increasing the customer service level?  

It is concluded that network consolidation reduces transport cost, because SxxTNS and SxxTNC are 

always cheaper than other scenarios, a 2-12% cost reduction in comparison with S33 r=2. The result 

matches the statement of Savelsbergh and Van Woensel (2016), that combining more deliveries in one 

route decreases the logistic costs and increases the environmental profits. Other than network 

consolidation, the replenishment frequency that has the highest cost reduction, 12%, is twice a week. 

Although, the replenishment frequency is not equal to 2 for every store, as it depends on the demand 

of the store. In summary, the consolidated scenario with a capacity restriction of 33 pallets, a time 

restriction of 360 minutes, a minimum replenishment frequency of 2, and the NDPU orders combined 

with the replenishment pallets (S33TNC r=2) is the best possibility. In brief, the results express that it 

is achievable to replenish every store before 14:00 and to reduce cost by network consolidation of 

NDPU orders and the weekly replenishment orders. 

7.2 Recommendations 

The concluded scenario is not the most practical scenario for Mediamarkt and therefore another advice 

to the company is given. The S33TNC with r=2 results in different replenishment frequencies per store 

per week. In practice, a consistent weekly schedule is required without daily differentiations between 

store replenishments. In addition, in the cheapest possibility the separated NDPU network is for some 

days operating next to some store replenishments. Therefore, the advice for Mediamarkt is to adapt 

S33TNC r=5 for more regularity. The replenishment schedule of this scenario is more consistent, as 

every store is visited exactly 5 times a week, and a separated NDPU network operates only on Saturday. 

Although, the cost is not the lowest of all scenarios, a 11% cost reduction. However, it is expected that 

the mitigation of the risk of mistakes in a complex weekly schedule outweighs the cost. Moreover, the 

total number of trucks necessary to supply all stores is hardly affected by the replenishment frequency. 

In addition, a more frequent replenishment could lead to a decrease in lost sales and shorter order lead 

times per product (Hugos, 2000). Above all, an increase in the transported volume, for example, due to 

an increase in the market sales will lead to less difference between r=2 and r=5. For this reason, the 

highest capacity restriction and highest replenishment frequency is the best option to deal with the 

market growth. 

Other recommendations are given because of limitations of the research. Note that assumptions, as listed 

in Appendix C, have been made in order to be able to build the different models. The first 2 limitations 

are a result of assumptions that must be made due to time limitations of the research and the last 2 are a 

result of a lack of data from the company.  

1. It is assumed that Demand planning orders only once a week, even when the replenishment 

frequency is more times a week. In case of economic order quantities per product, the weekly 

based order is more beneficial. However, an advantage of more replenishments is that it gives 

possibilities in just-in-time orders which is not considered in the research (Chang, 2013). A 

recommendation flowing from this limitation is to investigate the impact of increasing the 

number of placing orders per week and adapt the replenishment policy (Quak and De Koster, 

2009). Therefore, it is necessary to include accurate DC handling cost to be able to generate 

ordering cost.  

2. A simulation model is built to generate results for Mediamarkt. However, these assumptions 

could be case specific, making the outcomes less generalisable for other companies. A 

recommendation for future research is to check the robustness of the model to the sales patterns 

of other companies.   
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3. The volumes of the replenishment network are generated by historical sales data. However, the 

moment of placing an order for store replenishment is before the sales order. In addition, the 

sales peaks due to seasonality are in practice replenished in the weeks before the peak week. 

The moment of placing a replenishment order and the preparation for peak periods is not 

considered. Consequently, the replenishment frequency of a store could be higher than 5 days 

because of the high store sales in a specific week. These peak weeks are exceptions, which need 

to be considered separately in the used model. However, the total yearly volume is considered 

and the shift in time does not affect the total yearly cost. Nevertheless, it would be recommended 

to keep the used sales data in mind while analysing the results and even try to adjust the data or 

results to a more accurate timing of the volumes of replenishment orders.  

4. Furthermore, the volumes used in the research are obtained by matching the sales with an 

incomplete master data set. Consequently, 22.5% of the total sales products, are matched by the 

averages of the product group or even main product groups which result in deviant volumes. In 

addition, the calculation from volume to pallets is done by using the surface of a pallet. 

However, in practice, some products are not suitable to stack, or the product mix does not fit on 

the pallet. In addition, the higher the replenishment frequency, the lower the shipped demand, 

which makes it is more difficult to efficiently consolidate products on a pallet. In order to 

prevent miscalculations in number of pallets it should be recommended to conduct further 

research on the product specifications. 

Above all, network consolidation reduces transport cost, therefore it is recommended to search for more 

combined networks in the supply chain of Mediamarkt. For example, the LSP of the replenishment 

network drives back empty vehicles to the warehouse, because they fail to collect additional volumes in 

their return (Edwards et al., 2011). In literature, it is suggested to combine the reverse logistics with 

replenishment logistics (van Woensel and Broft, 2016) which is a new challenge for future research. In 

practice, it might be possible to combine the returns and repair network in the reverse logistics of the 

replenishment network. Another example for network consolidation for Mediamarkt, the type of online 

orders is split in delivery with service and parcel handling, which sometimes have the same home 

delivery location. These two LSPs are the contact person of the customer of e-commerce orders (Rai et 

al., 2018), so these two should be consolidated. All in all, future research is necessary to obtain more 

smart solutions for networks with location synergy.  

Finally, the stores are located nearby the customer which is an encouragement to buy a product 

(MetaPack, 2016). In an omni-channel environment stores still play an important role (Buldeo Rai, 

Verlinde et al., 2019). Moreover, the stores could be figured as urban distribution centres (van Woensel 

and Broft, 2016). Frequent store replenishment supports to combine home deliveries in an integrated 

network structure in which the store is the decupling point from truck to smaller type of vehicles for 

home deliveries. Further research is necessary to measure the cost impact of small urban distribution 

centres.  
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7.3 Practical implications 

The advice to Mediamarkt is to implement the S33TNC with r=5 scenario which is based on a simulation 

model. Before the implementation of this scenario some practical implications should be discussed first. 

Moreover, a future situation is simulated and 95% of all suppliers are operating through the DC. So, the 

implementation of this scenario is probably only beneficial in 2021. Moreover, the implications of the 

scenario are as follows. 

• The capacity restrictions in each store must be revaluated in the future, 95% of the suppliers 

operate throughout the DC. It is assumed that the number of pallets accepted per store each day 

must increase, to 33 pallets, due to fewer suppliers in a more centralized network. In addition, 

the market shift from offline to online shopping is not considered (Gao and Su, 2017). It is 

recommended in the future to reconsider the number of pallets per store considering all 

centralized suppliers and the possible market shift.  

• The total number of yearly routes results in on average 77 routes per week derived over 5 

operating days gives 16 routes per day. The maximum time of one route starting at the first store 

till the unloading time at the last store is 360 minutes. Therefore, it might be impossible to drive 

two routes with one vehicle. So, 16 vehicles should be needed at the start of the day. However, 

Mediamarkt has only 12 loading docks at the current DC. It is recommended to expand the 

results on the total time per route to search for two routes to be operated with one vehicle. The 

total time per route is already taken in the model, but out of scope to consider in this research.  

• The further research needed for recommendation point 4 is a pilot study. The ordered product 

mix per store per week could lead in practice to more pallets per store and this could result in 

different combinations of stores in one route due to the vehicle capacity limitation or even worse 

LTL vehicles. Therefore, a pilot study should be done first to analyse the impact of splitting the 

order in 5 replenishment frequencies per week. In this research only the total volume of all 

products is used to calculate the number of pallets. However, in practice the product mix is 

important to consider as well. If the pilot shows that the weekly number of pallets can be equally 

split in full pallets, then the scenario will work out without an increase in pallets. An option is 

to start to divide the sales over the product group types over the 5 days of replenishment.  

• It is said that the network consolidation results in NDPU orders combined on the replenishment 

pallets in the warehouse. This combination process is not elaborated and should be designed 

first. It is recommended to reschedule the process of NDPU picking in a way that this can be 

consolidated on the pallets for the corresponding store. Furthermore, the NDPU must be easily 

and fast separated from the pallet after the delivery at the store because the order is picked up 

by the customer at the service desk instead of the warehouse of the store. 

All in all, the four implications are acceptable if the compensation in cost reduction is considered.  
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Appendix A: Sales data 

Cleaning sales data 

The volume of the transportation network is gathered by the sales data of 2019. A good estimation of 

the sales volume of the future is made by cleaning the data in several steps. These steps are conducted 

by interviewing the right people, comparing with earlier analyses in 2018, and more importantly the 

department purchasing who have the best knowledge of their selling products. The sales article consists 

of a net quantity, so negative quantities refer to returned products and are deleted from the sales data 

because returns are not transported by the replenishment network. However, when an article is sold and 

in the same week returned to the same store the product net quantity shows a zero. Unfortunately, some 

of the articles are therefore deleted although they were transported in the B2B network. The articles are 

categorized in five categories from big to small; ‘Domain’, ‘Department’, ‘Main Product Group’, 

‘Product Group’ and ‘SKU’.  

 The removing sales data and the reasoning is explained step by step in the following Table:  

1. Remove store: N601 and N600 

These stores are referring to the online sales, which is out of scope.  

2. Remove Department: 0, 48, 62, 96 

These departments refer to ‘Undefined’, ‘Service’ and ‘Demo Goods’, which are out of scope. 

3. Remove Department: 51 – ‘Entertainment Cards’ 

These department exist of many small products which are irrelevant.  

4. Remove Department: 60, 61, 64 

These departments refer to ‘Music’, ‘Books’, ‘Movies’, which are not replenished by B2B and 

therefore out of scope. 

5. Remove Main product group: 0, 1, 4, 10, 25, 194 

These groups are undefined or do not exist anymore. 

6. Remove Main product group: 16, 73, 111, 177, 179, 181 

These groups are ‘Provision’ or ‘Service’, which is out of scope.  

7. Remove Main product group: 98, 328-335, 338-351, 353, 405 

These product groups are ‘Power service’, which is out of scope.  

8. Remove Main product group: 195, 360, 362, 363, 365-382 

These product groups are ‘Demo goods’, which is out of scope. 

9. Remove Main product group: 81, 168, 175, 182, 210-215, 218 

These product groups are very small or only an online service code; like cards and tickets. 

10. Remove Main product group: 200 

This product group is ‘Food and Beverages’, which is out of scope. 

11. Remove Main product group: 243, 250, 251, 252 

These product groups are not common and not many sales exist.  

12. Remove Main product group: 93 

This product group ‘Supplies’ is strategy dependent which is unclear yet and therefore out of scope.  

13. Remove Main product group: 244 

This product group is ‘Promotion material’, which is out of scope.  

14. Remove Main product group: 53 

This group ‘Photo finishing’ exist of sales without products from the DC, which is out of scope.  

 

15. Remove percentage of product groups that are assumed as ‘Home Delivery’ 
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Product group Home Delivery % Assumed 

120 UHD-LCD TV T/M 43" 9% 

121 LCD TV 44-50" 9% 

122 LCD TV T/M 27" 1% 

123 UHD-LCD TV 44-50" 11% 

124 LCD TV 28-32" 3% 

125 LCD TV 33-43" 6% 

129 LCD TV COMBI 1% 

130 LCD TV 60-74" 90% 

131 OLED-TV 51"-59" 22% 

132 LCD TV >74" 90% 

133 UHD-LCD TV 51-59" 14% 

134 LCD TV 51-59" 16% 

135 UHD-LCD TV >74" 43% 

136 UHD-LCD TV 60-74" 26% 

236 OLED-TV 60"-74 35% 

237 OLED-TV 75" AND MORE 90% 

700 KOKEN ELEKTRISCH (FORNUIS/ 90% 

702 KOKEN GAS (FORNUIS/KOOKPLA 90% 

711 KOEL/VRIES COMBI NO FROST 90% 

712 KOEL- / VRIESCOMBI CONVENT 90% 

713 VRIESKAST 90% 

714 VRIESKIST 90% 

715 WASMACHINES-BOVENLADER 90% 

717 WASMACHINE VOORLADER T/M 1 90% 

718 WAS-DROOGCOMBINATIES 90% 

719 CONDENSDROGER 90% 

720 AFVOERDROGER 90% 

722 WARMTEPOMP DROGER 90% 

723 VAATWASSER OVERIG 90% 

724 VAATWASSER 45CM 90% 

737 FITTED DISHWASHER 45CM 90% 

738 FIT. DISHWASHER FULLY INTE 90% 

739 FIT. DISHWASHER SEMI-INTEG 90% 

740 KOELKAST HOOG MODEL 90% 

741 KOEL- / VRIESCOMBI SIDE BY 90% 

742 KOELKAST DUBBELDEURS 90% 

744 WIJNBEWAARKAST 90% 

745 VRIESKAST HOOG MODEL 90% 

752 WASMACHINE VOORLADER T/M 1 90% 

753 WASMACHINE VOORLADER T/M 1 90% 

754 WASMACHINE VOORLADER > 140 90% 

773 INBOUW KOELKAST <89CM 90% 

774 FITTED FREEZER 90% 

775 INBOUW OVERIG 90% 

776 FITTED DISHWASHER BUILT-UN 90% 

777 FITTED LAUNDRY 90% 

778 FITTED COOLING COMBI 90% 

786 KITCHEN / KITCHEN FURNITUR 90% 

791 FITTED DISH WASHER SEMI-IN 90% 

794 FITTED DISH WASHER FULLY I 90% 

796 FITTED REFRIGERATOR 122CM 90% 

797 FITTED REFRIGERATOR >144CM 90% 

813 ISLAND HOOD 90% 

820 SLANTED HOOD 90% 

823 BUILT-UNDER / PLAFOND HOOD 90% 

829 DOWNDRAFT HOOD 90% 
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The percentages of each product group are used to randomly assign orders in the sales data that must be 

deleted. An order can exist of more than one quantity, which makes it hard to delete the right percentage 

of quantities of each product group. For this reason, a verification check is added to validate this method. 

The verification checks whether the result is an underestimation or overestimation. It is assumed that a 

difference of more than 10% is an overestimation and less than -10% is an underestimation. Each week 

each product group is checked and when the boundaries are crossed the randomly assigned orders are 

reassessed.  

After reorganizing the sales data, the SAME DAY PICK UP data from the online sales is added to the 

sales data, because each SDPU product is picked from the stock in store and needs to be replenished 

too.  
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Appendix B: Cost Drivers 

 

Handling cost 

This process starts with a received order from Demand planning, and this order is split per pallet. Each 

pallet is picked by an upfront prompted route. After that, the pallet is logically stacked and sailed 

referring to the pack process. The ship process is just the shipping of the pallet to the right loading dock 

in the DC. 

The weekly or even daily handling cost for the replenishment process is hard to define, for the following 

reasons: 

- Dependency on the number of different product types in the order. For example, picking 5 

televisions of the same type is faster than picking two televisions and eight air fryers.     

- Dependency on the number of products in the order and the related number of products in a 

batch. For example, a product with a batch size of 10 and an order with eight of these products 

results in an extra handling during the picking process.  

- Dependency on the type of products in the order. For example, picking two products that are 

located next to each other in the DC is easier than picking two products at completely different 

locations. 

- Dependency on the size of the products in the order. Products that are small are in the mezzanine 

and big products are in the stallages.  

However, the depending economic order quantity and stock levels of each product are out of scope of 

this research. 
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Appendix C: Model Assumptions 

 

The following assumptions have been made in order to be able to formulate the model: 

1. The weekly demand is ordered once a week and equally spread over the number of 

replenishment times. 

2. The frequency of replenishment per store is computed on the weekly demand divided by the 

maximum demand per replenishment per store.  

3. When the replenishment frequency of a store exceeds the 5 replenishment days in a week, that 

store is replenished two times a day.  

4. The value of sales per store is calculated in the same manner as the demand per store.   

5. The route simulation used is the Nearest Neighbor heuristic with capacity and time restrictions. 

6. The time matrix is based on the crow flies’ distances multiplied by a supported factor. The factor 

is derived from the existing travel times from the DC to every store and the corresponding crow 

fly distances. 

7. The time restriction of each store reflects the given delivery time windows. For example, store 

x has a delivery time window from 9:15 till 16:00, which results in a time restriction of 405 

minutes. The travel time from and to the depot in a route is excluded.  

8. The capacity restrictions of the two types of trucks are 33 pallets or 18 pallets. Other types of 

vehicles are excluded from the model.  

9. The handling cost at the DC is neglected and not included in the total cost. 

10. The holding cost is assumed to be 5% of the total sales value per year.     

11. The handling cost at the store is based on a fixed working time per truck and a variable working 

time per pallet. 

12. The sales data is cleaned in accordance with the demand department.  

13. The articles with a zero or negative quantity number are deleted, because the returns are out of 

scope and more information is not available about these articles.  

14. The average volumes of the articles per product group are verified and the outliers are deleted.  

15. The missing values in the master data, referring to the volume of each article, are filled up with 

the averages of the article’s product group. Followed by the averages of the article’s main 

product group, and, in the worst case, filled up with the averages of the articles department.  

16. The pallet fill rate is 79,5% based on earlier analyses for Mediamarkt.  

17. The number of loading docks at the DC is out of scope for this research. 

18. NDPU sales date is the order intake date. 

19. There are 26 working days in a month.   

20. The NDPU orders are like parcel orders in the online network. 
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Appendix D: The time matrix 
 

Fixed numbers of time distances, 𝑡0𝑗, between depot 0 and all stores 𝑗 ∈ 𝑉\0 are given by Mediamarkt. 

In addition, the addresses of each store are known, so the longitude and latitude are obtained from 

Google Maps. This is used to calculate the Euclidean distance, 𝑔𝑖𝑗.  

𝑔𝑖𝑗 = ∑ √(𝑙𝑎𝑡𝑗 − 𝑙𝑎𝑡𝑖)
2

+ (𝑙𝑜𝑛𝑗 − 𝑙𝑎𝑡𝑖)
2

𝑖,𝑗∈𝑉

                                                                                              (4.1) 

The Euclidean distance is used to calculate a time factor, formula 4.2. This formula is input for formula 

4.3 to transform the Euclidean distance to a reliable time-distance matrix, where 𝑡𝑖𝑗 refers to the time to 

travel from store 𝑖 to store 𝑗. The travel time between every store is calculated and the travel time from 

and to the depot is given. The time from and to the depot is excluded from the total time of one single 

route, because of assumption 7, Appendix C.  

𝑡𝑖𝑚𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 =
1

𝑛
∑

𝑡0𝑗

𝑔0𝑗
𝑖∈𝑉

                                                                                                                                  (4.2) 

𝑡𝑖𝑗 = 𝑡𝑖𝑚𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 ∗ 𝑔𝑖𝑗                                                                                                                                     (4.3) 
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Appendix E: List of stores with Time and Capacity restrictions 
    

Time 

restriction 

Capacity 

restriction 

Store Name Store 

nr. 

Time 

slot 

Time 

window 

 Capacity 

max. 33 

Capacity 

max. 20 

Capacity 

max. 15 

Media Markt 

Alexandrium B.V. 

N001 09:15 - 

16:00 

405 360 33 20 15 

MM the Corner B.V. N002 09:00 - 

16:00 

420 360 18 18 15 

MM Amsterdam 

Arena B.V. 

N003 09:30 - 

13:00 

210 210 33 20 15 

MM Leeuwarden 

B.V. 

N004 10:00 - 

16:00 

360 360 33 20 15 

MM Rijswijk B.V. N005 09:00 - 

17:00 

480 360 33 20 15 

MM Groningen 

Centrum B.V. 

N006 09:00 - 

16:00 

420 360 33 20 15 

MM Den Haag B.V. N007 09:00 - 

15:00 

360 360 33 20 15 

MM Zwolle B.V. N008 09:00 - 

16:00 

420 360 33 20 15 

MM Heerlen B.V. N009 09:00 - 

14:30 

330 330 33 20 15 

MM Almere B.V. N010 09:00 - 

15:00 

360 360 33 20 15 

MM Utrecht Hoog 

Catharijne B.V. 

N011 09:00 - 

13:00 

240 240 33 20 15 

MM Enschede B.V. N012 09:00 - 

16:00 

420 360 33 20 15 

MM Hengelo B.V. N013 09:00 - 

15:00 

360 360 33 20 15 

MM Alkmaar B.V. N014 09:00 - 

15:00 

360 360 33 20 15 

MM Maastricht B.V. N015 09:00 - 

13:00 

240 240 33 20 15 

MM Breda B.V. N016 09.00 - 

14.00 

300 300 33 20 15 

MM Zoetermeer B.V. N017 09:00 - 

15:00 

360 360 33 20 15 

MM Alphen aan den 

Rijn B.V. 

N018 09:00 - 

13:00 

240 240 33 20 15 

MM Middelburg 

B.V. 

N019 09:00 - 

14:00 

300 300 33 20 15 

MM Ede B.V. N020 09:00 - 

15:00 

360 360 33 20 15 

MM Eindhoven 

Centrum B.V. 

N021 09:00 - 

15:00 

360 360 33 20 15 

MM Arnhem B.V. N022 10:00 - 

16:00 

360 360 33 20 15 

MM Cruquius B.V. N023 09:00 - 

15:00 

360 360 33 20 15 

MM Bergen op 

Zoom B.V. 

N024 10:00 - 

13:00 

180 180 33 20 15 
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MM Deventer B.V. N025 10:00 - 

16:00 

360 360 33 20 15 

MM Roermond B.V. N026 09:30 - 

15:00 

330 330 33 20 15 

MM Amsterdam 

Noord B.V. 

N027 10:00 - 

15:00 

300 300 18 18 15 

MM Rotterdam 

Beijerlandselaan 

B.V. 

N028 09:00 - 

16:00 

420 360 33 20 15 

MM Hoorn B.V. N029 09:00 - 

15:00 

360 360 33 20 15 

MM Assen B.V. N030 10:00 - 

16:00 

360 360 33 20 15 

MM Emmen B.V. N031 10:00 - 

14:00 

240 240 33 20 15 

MM Amsterdam 

West B.V. 

N032 10:00 - 

16:00 

360 360 33 20 15 

MM Apeldoorn B.V. N033 10:00 - 

16:00 

360 360 33 20 15 

MM Drachten B.V. N034 10:00 - 

15:00 

300 300 33 20 15 

MM Duiven B.V. N035 09:00 - 

16:00 

420 360 33 20 15 

MM Doetinchem 

B.V. 

N036 10:00 - 

17:00 

420 360 33 20 15 

MM Den Bosch B.V. N037 09:00 - 

16:00 

420 360 33 20 15 

Media Markt 

Leidschendam B.V. 

N038 08:30 -

15:00 

390 360 33 20 15 

MM Hoofddorp B.V. N502 09:00 - 

15:00 

360 360 33 20 15 

MM Tilburg B.V. N503 09:00 - 

12:00 

180 180 33 20 15 

MM Groningen 

Sontplein B.V. 

N504 10:00 - 

15:00 

300 300 33 20 15 

MM Utrecht The 

Wall B.V. 

N505 09:00 - 

16:00 

420 360 33 20 15 

MM Zaandam B.V. N506 09:30 - 

15:30 

360 360 33 20 15 

MM Heerhugowaard 

B.V. 

N507 09:00 - 

15:00 

360 360 33 20 15 

MM Venlo B.V. N508 10:00 - 

15:00 

300 300 33 20 15 

MM Nieuwegein 

B.V. 

N510 09:00 - 

15:00 

360 360 33 20 15 

MM Amsterdam 

Centrum B.V. 

N511 09:00 - 

15:00 

360 360 18 18 15 

MM Amersfoort B.V. N512 09:00 - 

14:00 

300 300 33 20 15 

MM Dordrecht B.V. N513 09:30 - 

13:00 

210 210 33 20 15 

MM Eindhoven 

Ekkersrijt B.V. 

N514 08:00 - 

14:00 

360 360 33 20 15 
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Appendix F: Additional results 

1. The basic scenario 

The number of yearly routes in S33 are almost similar, see Figure 25. The differences in percentages are 

small, however it is important to mention that r=5 results in 64 more vehicles on yearly base comparing 

to r=2. 

 

Figure 25: Number of routes yearly (S33). 

2. Time restrictions 

The patterns on the number of routes for S33, S20 and S15 are given to illustrate the similarity between 

with or without a time restriction of 360 minutes. After, an example of a decrease in number of routes 

is explained.  

Table 8: Total yearly number of routes per scenario. 

 Sxx  SxxT  Difference 

 Number of 

routes 

Vehicle 

Utilization 

Number of 

routes 

Vehicle 

Utilization 

Sxx vs. 

SxxT 

S33 vs S33T r=2 3677 27.40 3682 27.37 0.14% 

S20 vs S20T r=2 3868 26.05 3879 25.98 0.28% 

S15 vs S15T r=2 3948 25.52 3957 25.46 0.23% 

S33 vs S33T r=3 3598 28.00 3610 27.91 0.33% 

S20 vs S20T r=3 3790 26.59 3793 26.57 0.08% 

S15 vs S15T r=3 3764 26.77 3743 26.92 -0.56% 

S33 vs S33T r=4 3595 28.02 3619 27.84 0.67% 

S20 vs S20T r=4 3747 26.89 3767 26.74 0.53% 

S15 vs S15T r=4 3734 26.99 3705 27.19 -0.78% 

S33 vs S33T r=5 3741 26.94 3764 26.77 0.61% 

S20 vs S20T r=5 3825 26.34 3846 26.20 0.55% 

S15 vs S15T r=5 3836 26.27 3812 26.43 -0.63% 

 

r=2 r=3 r=4 r=5

Number 3677 3598 3595 3741
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The number of routes sometimes increases while the total time decreases. This sounds abnormal and 

therefore an example is shown in Table 9 and Figure 26. It is assumed that the time from and to the 

depot is excluded. The Figure is an illustration of the Table and shows that in S33 two routes are obtained 

and in S33T there are three routes due to the time restricition.  

Table 9: The number of routes with a time restriction. 

Scenario Total cost Number of Routes Total Time Vehicle utilization 

S33 r=2 (week1)  €                     32,988.04  62 510,000.876 100,765 

S33T r=2 (week1)  €                     32,988.04  63 504,107.057 100,765 

 

             

Figure 26: Left two and right three routes obtained by the routing model. 
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3. The replenishment frequency per store 

The replenishment frequency of a store is not always the same as the decision variable r, the decision 

variable is the minimum frequency. When the demand divided by the capacity restriction of the store is 

higher than the decision variable it changes the replenishment frequency of that store. This is illustrated 

for S33T and S20T and r=2 in week 1 in Figure 27. An expansion for a year three different store types 

are presented in Figure 28, Figure 29, and Figure 30. Those figures show that a lower capacity restriction 

result in more fluctuations and higher differences in the frequencies of the stores.  

 

Figure 27: Replenishment frequency per store for S33T and S20T r=2. 

 

 

Figure 28: The frequency of small, average and big store, S33T r=2. 
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Figure 29: The frequency of small, average and big store, S20T r=2. 

 

Figure 30: The frequency of small, average and big store, S15T r=2. 
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4. Consolidated networks 

Figure 31, Figure 32, and Figure 33 present the differences between S33TNS and S33TNC. First, it is 

shown that the total capacity decreases due to the combined packaging on the pallets. Second, the total 

cost are given. Third, the impact on the total number of routes are illustrated.  

 

Figure 31: Total capacity yearly S33TNS - S33TNC. 

 

Figure 32: Total cost yearly S33TNS - S33TNC. 

 

Figure 33: Number of routes scenario S33TNS - S33TNC. 
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5. The yearly cost of all scenarios 

The Figures show the percentual impact of all simulated scenarios. The first bar is the current situation 

model of Mediamarkt and therefore defined as 100%. 

The main question is, what is the optimal scenario? Therefore, the cost differences are relevant to 

consider. The graphs below, Figure 34, Figure 35, Figure 36, and Figure 37, show the total annual cost 

for all scenarios, consisting of transport cost, store handling cost, holding cost, and NDPU cost. In 

addition, for the management of the company additional information such as the total time, capacity, 

number of routes, and vehicle utilization is given. The consolidation of the two networks results in a 

cost reduction, because SxxTNS and SxxTNC are the cheapest in every scenario. The difference of the 

consolidated scenarios with the other scenarios increases while the replenishment frequency increases.  

 

Figure 34: Total yearly cost over all scenarios r=2. 

 

 

Figure 35: Total yearly cost over all scenarios r=3. 
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Figure 36: Total yearly cost over all scenarios r=4. 

 

Figure 37: Total yearly cost over all scenarios r=5. 
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6. The differences in SxxTNC 

In Chapter 6.5 the differences in total cost per scenario is shown in a line chart and similarly a bar chart 

is given, Figure 38. The first scenario at the left, S33TNC r=2, is used as reference point to show the 

percentual impact of capacity decrease and replenishment frequency increase. The Figure shows that 

the effect on the cost of the three scenarios is low. And, even lower when the replenishment frequency 

increases, easy to see by the percentages of the total cost reflected on S33TNC r=2. A similar pattern is 

seen in the total number of routes as given in Figure 39. 

 

Figure 38: Yearly cost S33TNC - S20TNC - S15TNC. 

 

Figure 39: Total number of routes S33TNC - S20TNC - S15TNC. 

The total cost are given in Figure 22 in Chapter 6.5 and these total cost consist of replenishment network 

cost (B2B) and NDPU network cost illustrated in Figure 40. 
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S33TNC € 2648139,817 € 2658992,854 € 2680533,893 € 2696343,914 

S20TNC € 2806393,094 € 2739964,899 € 2721049,223 € 2719252,878 
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Figure 40: Separated cost structure SxxTNC. 

The number of pallets per delivery per store for S33TNC r=2 is much higher than for r=5. For week 1 a 

histogram clearly illustrate the difference, this is shown in Figure 41.  

 

Figure 41: Histogram of number of pallets per delivery. 

Chapter 6.5 explains the effect on cost with different replenishment frequencies. In addition, it might be 

interesting for further research to increase the replenishment frequency to 6 days. In practice, it is not 

possible to replenish on Saturdays and therefore this scenario is not discussed in the research. However, 

Figure 42 shows the trend of adding one more replenishment day.  
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Figure 42: Total cost structure SxxTNC with r=6. 
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