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Abstract 
This report describes the design of a distribution flow type selection model for supply chains in 

grocery retailing, aiming at perishable products. The researched flow types are cross-dock, transito, 

and central warehousing. Also the possibility to break up case packs at the retailer DC is investigated. 

The costs taken into account are costs of inbound transportation, waste, and handling activities. First 

a conceptual framework is provided which assigns suppliers to a flow type based on supplier- and 

product characteristics. After that, an analytical model is provided which calculates the daily 

operating costs for each flow type. This model helps making decisions on both a strategic and a 

tactical level. It shows what the most important cost factors are per flow type, and it calculates which 

flow type is the most beneficial per supplier 
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Management summary 
Jan Linders is continuously trying to improve the performance of their supply chain. Jan Linders has 

been awarded six times in a row as supermarket with the best fresh products (GFK Versrapport, 

2015). The flow type selection problem is a supply chain planning problem that also concerns the 

freshness of products. It includes the design of physical distribution structure from supplier to store. 

It concerns decisions about whether products should be kept on stock in the distribution center (DC) 

and how products are transported from supplier to the store. This master thesis analyzes the flow 

type selection problem for Jan Linders. The research question is as follows:   

What are the optimal flow types for fresh products in a retail supply chain, such that overall costs 

are minimized, while performance measures must meet a predefined level? 

Distribution flow types 
The relevant distribution flow types are illustrated in Figure 0.1. Within traditional warehousing 

(WH), products are delivered onto pallets to the DC. The base order quantity is a pallet layer, which 

gives the possibility to stack multiple pallets on each other. Orders placed at the supplier are based 

on forecasts. Hence, the customer order decoupling point (DOCP) is located at the DC. For this flow 

type, the possibility exists to break up case packs at the DC in order to supply the stores with smaller 

amounts. This helps reducing waste in the stores, but also increases the handling costs in the DC. The 

main advantage of WH is that costs of inbound transportation are very low. Products do not have to 

be shipped daily, because stores’ orders are satisfied from the inventory at the DC.  

The next flow type is cross-dock (XD). Within XD, suppliers pick store orders on store specific carriers. 

These carriers are transported to the DC, after which they are transported to the stores. The 

advantage of XD is the short delivery time to the store. Products spend no longer than twelve hours 

in the supply chain before they arrive at the stores. However, this comes at the cost of extra 

transportation costs, because XD requires daily shipments from supplier to the DC.  

Another flow type that is currently used by Jan Linders is transito (TR). Within transito, stores can 

order each two days. These orders are accumulated and sent to the supplier. The exact aggregated 

store orders are delivered to the DC, after which they are sorted per store. Because products have to 

be picked at the supplier, and sorted at the DC after the stores have ordered, the lead time to the 

store is two days. Stores can also order only once per two days. It follows that the responsivity of this 

flow type is too low in order to be optimal for the distribution of fresh products.  

Therefore, a similar flow type, Pick-To-Zero (PTZ), has been introduced. The structure of this flow 

type is equal to TR. Aggregated store orders are sent to the DC, after which they are sorted and 

transported to the stores. The main difference is that we change the ordering frequency from once 

per two days, to daily. This increases the responsivity which is necessary for the supply chain of fresh 

products. Unfortunately, the lead time cannot be reduced.  
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FIGURE 0.1: DISTRIBUTION FLOW TYPES 

Relevant costs 
In order to determine which costs are most important for the flow type selection problem, a cost 

distribution of fresh products has been created (Figure 0.2). From this distribution it follows that the 

most important costs are handling costs in both the store and DC, inbound and outbound 

transportation, and costs of waste. Except outbound transportation costs, all these costs are included 

in the model. Outbound transportation is excluded as these costs are not expected to change much. 

The volume transported to the stores is expected to remain more or less equal; the delivery 

frequency stays equal as well. Therefore these outbound transportation costs are excluded.  
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FIGURE 0.2: COST DISTRIBUTION OF OPERATIONAL COSTS JAN LINDERS  

Conceptual framework 
Based on the gained insights of each flow type, a conceptual model (Figure 0.3) is developed. This 

decision tree allocates suppliers to flow types based on supplier and product characteristics. Note 

that many decisions within the model are not specific. That is because it depends on multiple factors, 

which could not be captured within this conceptual model. The main focus of this model to provide 

some guidelines and to show how supplier and product characteristics are related with flow types.  

 
FIGURE 0.3: CONCEPTUAL MODEL 
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Quantitative model and results 
The conceptual model leaves some grey areas. Therefore a quantitative model is developed which 

helps filling in the grey areas. The relevant costs are modelled, and the expected operational costs 

per supplier per day are calculated for each flow type. For each flow type, the costs per cost driver 

are calculated in order to see which costs drivers are most important for the flow type selection 

problem. The following conclusions can be drawn based on the results: 

 XD is only efficient for products which are produced daily. Shipping more often than 

producing does not give any fresher products and does increase inbound transportation 

costs enormously.  

 XD is the optimal distribution flow type for products with a very short life time. Only for 

these products, the extra transportation costs are outweighed by the decrease in waste.  

 Warehousing with picking in consumer units is very effective for products whose demand 

during the shelf life is smaller than the case pack size. The savings in waste outweigh the 

increase in handling costs.  

 PTZ is not an efficient flow type. This is probably due to the lead time of two days.  

 Waste and inbound transportation are the most important cost components for the flow 

type selection problem. The aim of Jan Linders should be on reducing these costs.  

Eventually, we list a couple of recommendations:  

 Drop the TR flow type. The responsiveness of this flow type is insufficient for facilitating fresh 

products.  

 Do not implement PTZ as it is described in this research. The lead time of two days results in 

a low responsiveness and therefore also higher amounts of waste.  

 Investigate the possibilities to decrease case pack sizes for XD suppliers. Especially the 

combination of a small case pack size and XD is the best option for products with a low 

demand and a short GLT.  

 Consider the usage of dollies instead of rolling cages for XD suppliers. Dollies are smaller and 

can be stacked higher than rolling cages. Using this loading unit will result in more space 

available in the truck, which results in lower transportation costs.  

 Maintain a fill rate in the DC of 80% in order to keep the remaining shelf life as long as 

possible. Note that the reorder level in the store should take this into account, as the 

probability of an out of stock situation increases.  

 Do further research to the order picking process in the DC. For the analysis on the order 

picking times, 11.5% of the data was filtered out, due to extremely long picking times.  

 Communicate more with the supplier about production moments. The shelf life is an 

important predictor for the waste of a product. If production moments are known 

beforehand, products could be ordered before this moment and supplied after this moment, 

which results in a maximum life time at arrival DC.  

 Make use of the conceptual framework and the tool to decide upon which flow type to use. 

The conceptual framework provides general guidelines based on supplier and product 

characteristics. The tool gives more detailed insights. All relevant supplier and product 

characteristics can be entered. The tool will give an estimation of the relevant operating 

costs per day.  
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CODP 

DC 

DSD 

FIFO 
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WHMixed 

XD 

Potatoes, vegetables, and fruits (“Aardappels, groenten, en fruit”) 

Customer Order Decoupling Point 

Distribution Center 

Direct Store Delivery 

First In, First Out 

Food / Non-Food 

Guaranteed Life Time 

Key Performance Indicator 

Long Heavy Vehicle 

Pick-To-Zero 

Stock Keeping Unit 

Transito 

Warehousing 

Warehousing and picking in case packs 

Warehousing and picking in consumer units 

Warehousing and picking both in case packs and in consumer units 
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1 Introduction 
This chapter introduces the report. It gives a short description of Jan Linders, and how the report is 

structured. 

1.1 Jan Linders  
Jan Linders is a Dutch food retailer that operates in the south-east of The Netherlands. Jan Linders 

opened his first store in 1963 in Gennep. Since then the company kept on growing and currently Jan 

Linders has 59 stores. Jan Linders chose to establish their distribution center (DC) in Nieuw Bergen, 

where the head office is located as well. In 1995 Leo Linders took over the company from his father 

and is CEO ever since. In 2007 Jan Linders opened a new DC in Nieuw Bergen having a size greater 

than 30.000 m2. This new DC supplies all stores of Jan Linders. The vision of Jan Linders is to be the 

best supermarket in the south-east of The Netherlands, and to provide customers with the best 

quality and service, where employees play a crucial role. Jan Linders differs from other supermarkets 

by supporting regional products and by meeting wishes of local customers. Jan Linders has been 

awarded as supermarket with the best fresh products six years in a row (GFK Versrapport, 2015). This 

performance is seen as an important driver to keep on doing business and to keep growing in the 

Dutch retail segment. In order to obtain price discounts and procurement power at suppliers, Jan 

Linders is member of the Dutch procurement organization Superunie. The market share of Superunie 

on the Dutch market is approximately 29%. 

Currently, Jan Linders has one warehouse and 59 stores. This classifies the distribution network of 

Jan Linders as a typical distribution system (Axsäter, 2003). All stores of Jan Linders are located in the 

south-east of The Netherlands. The service office of Jan Linders is located next to the DC, where 

important central decisions concerning sales, marketing, finance, and logistics are made. This also 

includes decisions about the supply chain of Jan Linders.  

The product assortment of Jan Linders has been divided into several product categories (Appendix A). 

A first distinction is made between Food / Non-Food (FNF) and Fresh products. FNF products typically 

have a life time greater than 50 days, while fresh products can only be kept fresh for a couple of days 

or weeks. Another typical requirement for fresh products is that they often need special storage 

conditions. Most fresh products are stored at a temperature of 2-4°C. However, some fruits and 

vegetables (AGF) need to be stored separately at 12°C. Despite the different temperatures, 

transportation of these products can be combined. In order to do so Jan Linders uses thermal covers 

for their rolling cages in order to keep the temperature at 12°C in the rolling cage. This is necessary in 

order to maximize the life time of the products.  

The DC supplies all stores of Jan Linders. A separate section is used to store dry groceries and has a 

fully automatic storing system. The staging area of the dry groceries is located next to the picking 

area of the dry groceries. Here products are placed prior to shipment. The staging area of the chilled 

section has 45 lanes, with a capacity of 19 containers per lane. Next to this staging area, there is a 

small room with a controlled temperature of 2°C. In this room precut vegetables, fresh meats and 

fish, and pasty products are staged. This temperature of 2°C is required in order to maximize the 

remaining life time of these products. Jan Linders has 3 picking areas for chilled products: one for 

AGF 12°C, one for frozen products and one for other fresh products that are stored at 4°C.  
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1.2 Report outline 
The structure of the report is based upon the model of Mitroff, et al. (1974)(Figure 1.1). According to 

them, a problem solving structure of science consists of four phases. Most ideally the starting point is 

the problem situation. The first phase is conceptualization. The conceptual model defines the 

problem in the most basic and broadest terms. The next phase is the modelling phase, which results 

in a scientific model. By solving the model, a solution is obtained. The last phase is implementation, 

after which we end up in the reality, problem situation. This model helps researchers to take all steps 

in scientific research, and preventing them from taking a shortcut. For example, one could make the 

mistake to implement a solution based on a conceptual model, without the use of a scientific model.  

The report is structured as follows. The problem definition is described in chapter 2. The problem 

definition starts with an introduction of the currently used flow types at Jan Linders, after which a 

problem mess is presented. This problem mess leads to the research question, and this chapter ends 

with the scope of the research. Thereafter chapter 3 describes the conceptual model, which begins 

with a small literature review of the flow type selection problem. After that, all flow types and other 

relevant supply chain information are described in detail. This chapter ends with a decision tree to 

allocate suppliers to a flow type based on product characteristics. In chapter 4 the quantitative 

model is shown. It presents calculations of all costs which are relevant to the flow type selection 

problem. In chapter 5, the mathematical model is solved. The results of the model are shown and a 

sensitivity analysis is performed. At last, chapter 6 answers the research question and gives 

conclusions based on the performed research. Also recommendations to Jan Linders, limitations, and 

suggestions for further research are provided.  

 
FIGURE 1.1: A SYSTEMATICAL VIEW OF PROBLEM-SOLVING (MITROFF, ET AL., 1974) 
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2 Problem Definition 
This chapter defines the problem that is identified within the research proposal performed by 

Muskens (2016b). First of all, the flow types Jan Linders currently uses are briefly explained. Then a 

problem mess will be presented that eventually will lead to an accurate research question including 

sub questions. After the (sub) questions are given, the scope will be defined. The scope will explain 

what the exact problem area is, and for which assortment of products the problem will be solved.  

2.1.1 Flow types 
A distribution flow type is defined as the way in which goods flow from supplier to store (Van den 

Heijkant, 2006). Currently, Jan Linders uses four flow types for their products. These flow types will 

be elaborated further in section 3.2.  

 Direct store delivery (DSD): Products are delivered directly from the supplier to the stores 

without the use of an intermediate facility.  

 Central warehousing (WH): Products are delivered to the DC, where they are stored and 

eventually shipped to the store if an order is placed.  

 Transito (TR): Aggregated store orders are picked on a pallet at the supplier warehouse. These 

are delivered to the DC, where they are sorted per store in a separate transito section. After 

sorting, products are sent to the stores.  

 Cross-docking (XD): Store-specific orders are picked at the supplier warehouse onto rolling cages. 

These are transported to the DC after which they are split and moved to the right dock. From 

here the containers are sent directly to the stores.  

2.1.2 Problem mess 
The problem mess consists of a set of small problems that altogether lead to the research question. 

The problems presented in this subsection are found by interviewing employees of Jan Linders, 

studying processes in the distribution center, and by analyzing data. 

Different flow types for products coming from the same family group  

Many products belonging to the same family group are supplied via different flow types to the 

stores. For example, dairy products such as milk flow to the stores via cross-dock, transito, and 

central warehousing. The largest difference among these products is the demand rate. The products 

are assigned to flow types based on agreements with the supplier. The flow types have been 

established many years ago, are never reconsidered and hence have been obsoleted through the 

years. Having multiple flow types for the same product family is undesirable because it requires extra 

handling time. The outflow of each flow type is at least one carrier. Each flow type could result in a 

half-loaded carrier which requires extra handling time either in the DC or in the store. Extra time in 

the DC is required when half-loaded containers are combined into fully loaded containers. When the 

DC does not combine containers, extra time in the store is required because each container results in 

extra handling time. These containers must be unloaded, unpacked, and eventually loaded again into 

the truck. The handling time in the store will also increase as shelf-stacking employees have to look 

again for the right shelf each time they unpack a container. It would be more efficient if all products 

coming from one product family are stacked onto one container.  
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Minimum order quantity for cross-docking 

Currently, Jan Linders has suppliers that require a minimum order quantity per store in case of cross-

docking. That means that each store has to order a minimum quantity of products per supplier. For 

small stores this is problematic, as they have to decide to order either nothing or too much. Ordering 

nothing increases the chance on stock-outs and ordering too much increases the chance on 

outdating. Ordering too much increases the chance on excess inventory in the store as well. Excess 

inventory is placed in the backroom. This should be avoided, because the backroom is an 

uncontrolled stock point. 

Transporting air 

Relative transportation costs per product for cross-dock will be higher in case of transporting half-

loaded containers instead of full pallets. That is because a lot of air is transported when transporting 

half-loaded containers. Cross-docking requires transporting 59 containers from supplier to DC. The 

capacity of a truck is 54 rolling cages. Currently a long heavy vehicle (LHV) with a capacity of 84 

containers is used to ship rolling cages. Compared to other flow types, there are fewer possibilities to 

combine the cross-dock shipment with shipments to other companies which results in paying the full 

transportation costs in most times.  

Transito three times per week  

Transito operations occur only three times per week. This results in a low responsiveness and a bad 

utilization of the transito section. The other three days per week this section is unused, which is a 

waste of space. The option to perform transito more times per week is considered inefficient, at least 

with the products that currently flow through transito operations. This would increase transportation 

costs as the volume per shipment decreases even more.  

Having multiple stock points in the supply chain 

In accordance with Hoekstra and Romme (1992), one stock point is sufficient in a supply chain. For 

most fresh products of Jan Linders, stock is located at both the supplier and at distribution center. 

This is very undesirable for fresh products, because products spend time in a stock point before they 

move to the next location in the supply chain. The more time a product spends in the supply chain, 

the less time remains to be on the shelf, and hence these stock points influence the amount of 

waste. Most producers of Jan Linders handle a make-to-stock (MTS) strategy, which means that 

products are produced to stock and that orders are delivered from stock. Although it is optimal to 

have only one stock point in the supply chain, this does not imply that the retailer’s distribution 

center should function as a stockless point if a supplier chooses to handle a MTS strategy. Because 

Jan Linders wants a high responsive supply chain, stores should be allowed to order fresh products 

every day. There is no advantage in shipping products daily from supplier to store via a distribution 

center, when these products are not produced daily. This would result in multiple shipments of the 

same product, while it could have been transported with one shipment. Hence, only when products 

are produced on a daily basis, it is valuable to operate the distribution center as a stockless depot. 

Besides MTS products, some custom-made products are produced according to a make-to-order 

(MTO) strategy. Here the exact order is produced by the supplier and send to the distribution center 

afterwards.  
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Guaranteed life time 

Until now we assumed that all life times of products are known when they arrive at the DC. 

Unfortunately this is not the case. Jan Linders made agreements with their suppliers about the 

remaining life time when it arrives at the DC. This life time must meet a predefined minimum and is 

called the guaranteed life time (GLT). This means that a product’s actual remaining life time is 

unknown when it arrives at the DC. For MTO products, life times at arrival DC will always be equal to 

the GLT since these are produced when an order arrives and immediately delivered to the DC 

afterwards. However, determining the life time of MTS products is more complex. When for example 

a supplier only produces once a week and a product gets delivered at the DC twice a week, then not 

all deliveries can contain freshly produced products. In fact, products delivered in consecutive 

shipments could have the same expiration date.  

2.1.3 Research question 
The problems presented in the previous subsection have shown that the current distribution 

structure of Jan Linders is not optimal. Therefore, the research question is as follows: 

What are the optimal flow types for fresh products in a retail supply chain, such that overall costs 

are minimized, while performance measures must meet a predefined level? 

In order to answer this question, a number of sub questions are developed which help by answering 

the research question: 

1. Where should the decision depend on? 

2. Which relevant flow types should be taken into account? 

3. Which costs and performance measures are relevant? 

4. Which modelling approach is feasible for evaluating the flow type problem?  

5. What do the results of the model imply for the management?  

Question 1, 2, and 3 are discussed in chapter 3, question 4 in chapter 4, and question 5 in chapter 5 

and chapter 6.  

2.1.4 Project scope  
This section describes the scope of the research. Many problems in supply chain optimization are 

interdependent. It is important to delineate the problem area, such that it is clear what areas are 

under research. We will start with delineating the problem area. Thereafter the product assortment 

for which the problem is being optimized will be defined.  

2.1.4.1 Problem area 

In order to define the problem area, the demand and supply chain operations planning framework by 

Hübner, et al. (2013) will be used (Figure 2.1). This framework maps dependencies between different 

planning problems in a retail supply chain. In this figure, rectangles with an “R” are areas that are 

under research. The first research area is “Strategic distribution planning”. This includes the 

determination of design of the physical distribution structures between warehouses and outlets. 

That is the design of flow types in a distribution network. Currently four flow types exist, from which 

it is still questionable whether they are all relevant for Jan Linders. The second research area is 

“Product segmentation and allocation”. In this research this concerns the allocation of products to a 

specific flow type.  
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We will not take capacities of the DC into account. Obviously, the current DC has a limited number of 

locations. Nevertheless, the DC can be redesigned such that multiple pick locations are located above 

each other and hence a lot of extra pick locations could be created. Then order picking will be done 

on order picking trucks which are able to pick from different heights. The downside of this potential 

situation is that productivity decreases and hence handling costs increase. The goal of the study is to 

gain more insights into the operational costs of logistic processes and how waste is related.  

 
FIGURE 2.1: DEMAND AND SUPPLY CHAIN OPERATIONS PLANNING FRAMEWORK (HÜBNER, ET AL., 2013) 

2.1.4.2 Assortment 

Next we will define the assortment of products for which the flow types should be optimized. First of 

all dry groceries will be left out the scope. Dry groceries (including tobacco) typically have a much 

longer life time than fresh products. Van Donselaar et, al. (2006) investigated six supermarkets in The 

Netherlands and found that the median of shelf lives of their dry groceries was 240 days while the 

median of fresh products was 21 days. Jan Linders keeps all dry groceries on stock except for some 

event related products. According to Van Donselaar et, al. (2006), cross-docking is especially useful 

for products with a short life time, which leads to the conclusion that less improvement can be 

achieved in optimizing the flow types for products with a long life time, i.e., dry groceries. Hence, dry 

groceries are left out of the scope. Also frozen foods will be left out of the scope. Although these 

products expire quickly under normal storage conditions, their lifetimes are comparable to those of 

dry groceries when stored correctly at a low temperature. The exclusion of both dry groceries and 

frozen foods means that all FNF products are left out of the scope.  

Despite that fresh products have a shorter life time than dry groceries, not all of them will be 

considered in this project. A category that will not be studied anymore is fresh bread. Currently, 

bread has its own distribution network. Breads are delivered every morning directly by the supplier. 

Supplying bread through the distribution center would result in delivering more containers per truck. 
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This could lead to the capacity problems with the trucks as we assume that routes will remain equal. 

Besides this separate distribution network, breads have a shelf life of only one day. A direct delivery 

assures the shortest lead time possible.  

AGF products (uncut and unprepared) will be excluded as well. These products typically have a 

somewhat longer shelf life of 10 to 30 days, which do not necessarily require a cross-docking 

operation. Furthermore, AGF products come from many different suppliers and cross-docking these 

products would result in transporting more air than product as rolling cages will not be loaded fully. 

Even more, some suppliers are not able to supply on store-specific containers. This would require to 

store a part of the assortment or to do transito for these products. Having multiple flow types for 

one subgroup of products is undesirable because it increase handling times in the store. Next to that, 

many AGF products are also still ordered by hand instead of automatic. All in all, it is preferred to 

keep these products on stock.  

Finally, also flowers are excluded from the scope. These products have a short life time of 3 to 4 days 

and are delivered two times per week. Flowers are also seasonal products: not all flowers can be 

supplied through the year. Furthermore, flowers are often in promotion which makes predicting 

sales even harder. Also substitution is expected to play a major role for this product group. In 

conclusion we can say that these products are not suitable to study for the flow type selection 

problem.  

Product categories inside the scope are meats, fresh meats, fridge, cheese, bakery, prepared AGF 

products, and bakery products except for fresh breads. These products require the same storage 

temperature, are stored in the same area, and transported in the same trucks. However, promotions 

of these products will be excluded. Promotions increase sales of products and could therefore 

influence the flow type decision. Products which are only sold for a very short time (e.g., Easter 

products) are outside the scope as well.  
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3 Conceptual Model 
This chapter describes the conceptual model. First a short literature review is performed which 

describes the most important aspects of the flow selection problem. After that, each flow type is 

discussed in more detail. We argue which flow types are relevant for perishable products. After that, 

the costs relevant to the flow type selection problem are explained. Eventually we provide a decision 

tree that assigns suppliers to a flow type based on supplier and product characteristics.   

3.1 Literature review 
In preparation for this study, a literature review was performed which pointed out the most 

important aspects regarding to the flow type selection problem (Muskens, 2016a). We will only 

discuss the most important distribution flow types and product, process, and market characteristics 

influencing the choice for a specific flow type.  

3.1.1 Distribution flow types 
In academic literature, there are three distribution flow types that often recur. These are direct store 

delivery, traditional warehousing, and cross-docking. Direct store delivery is desirable for products 

with a very short life time as it guarantees a maximum shelf life (Van Donselaar, et al., 2006). 

Obviously, the big disadvantage of direct store delivery is the high transportation cost. Unless 

demand is large enough, less-than-truckload shipments are sent which result in high transportation 

costs (Van der Vlist, 2007). Traditional warehousing has been adopted by most retailers (Van der 

Vlist, 2007). The advantages of warehousing are high responsiveness, low transportation costs as 

shipments coming from different suppliers are consolidated, and low inventories in the stores due to 

the possibility of frequent ordering. Nevertheless, these advantages come at a price. Warehousing 

requires high handling costs at the warehouse, and double inventory costs have to be paid when 

inventory is kept both at the supplier and retailer. The last flow type is cross-dock. Cross-docking has 

a lot of variants. Van den Heijkant (2006) described two common variants: break-bulk cross-docking 

and pre-allocated cross-docking. Break-bulk cross-docking is the variant where aggregated store 

orders are picked at the supplier’s site, and sorted per store at the cross-docking site. Pre-allocated 

cross-docking is the variant where the supplier picks orders onto store-specific carriers, and these 

carriers only need to be moved to the staging area when arrived. The big difference between these 

variants of cross-docking is that pre-allocated cross-docking does not need any more handling 

activities at the cross-dock, except moving the carrier to the right location. The main advantages of 

cross-docking are inventory reduction, and spending less time at the DC which results in a longer 

shelf life (Van Belle, et al., 2012). However, the disadvantage of cross-docking is that stores 

experience often a longer lead time, as orders have to be fulfilled at the supplier instead of the 

retailer DC. Next to that, it is challenging to run a smooth and JIT cross-docking strategy (Stalk, et al., 

1992).  

3.1.2 Product, process, and market characteristics  
Important factors influencing the flow type decision will be discussed here. It is recognized that the 

coefficient of variation influences the suitability of cross-docking (Li, et al., 2008). Products with a low 

coefficient of variation are good candidates for cross-dock, since their warehousing and 

transportation requirements are better predictable. This makes planning and implementation of 

these items easier (Apte & Viswanathan, 2000). Besides the demand variability, the average demand 

is important as well. Products having a high demand are better suitable for cross-docking as cross-
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docking these items saves a lot of handling and inventory costs in the DC (Li, et al., 2008). Especially 

products with high and stable demand are good products for cross-docking (Gümüs & Bookbinder, 

2004). Also products having a large physical volume and a high demand fit cross-docking well, 

because these result in full containers and hence in fuller truckloads (Li, et al., 2008). Furthermore, 

perishability of products is important (Van Donselaar, et al., 2006). Cross-docking guarantees a short 

time between production and arrival in the store. Therefore products with a short life time are good 

candidates for cross-docking. Finally, the supply lead time is influential. A warehouse should only be 

used as a cross-dock if the supply lead time is not too long (de Leeuw, et al., 1999). This is necessary 

to ensure responsiveness to the stores. 

3.1.3 Gap in the literature 
There is less scientific literature available regarding to the flow type selection problem of fresh 

products. Only Zwaan (2015) and Gerbecks (2012) performed research to the fresh assortment. 

However, Gerbecks studied a supply chain without a physical shop, but with an unmanned automatic 

pick-up point. Obviously this supply chain looks different to a supermarket supply chain, for example, 

because products are ordered beforehand. Zwaan (2015) did study the flow type selection problem 

for the fresh assortment of a supermarket and assumed that waste does not play a role as products 

always have the same shelf life independent of their flow type. That is because products should only 

be stocked at one location in the supply chain. However, this is not necessarily true. Jan Linders is 

unfortunately not in the position to create for every product a supply chain consisting of only one 

stock point. That is because some suppliers of products for which it would be optimal for the supply 

chain to produce according to an MTO strategy, are producing according to an MTS strategy. 

Consequently, some products are stocked at two locations in the supply chain, and hence will have 

shorter shelf lives. This research investigates that situation, in particular, the relation between 

product availability, waste, and operational costs.  

3.2 Distribution flow types 
A distribution flow type is defined as the way in which goods flow from supplier to store (Van den 

Heijkant, 2006). Currently, Jan Linders uses five different flow types. Here we assume that central 

warehousing with orders in full case packs and central warehousing with orders in consumer units 

are two separate flow types. Currently Jan Linders operates the flow types direct store delivery, 

central warehousing with orders in full case packs, central warehousing with orders in consumer 

units, cross-docking, and transito. Figure 3.1 illustrates each flow type. These are based on 

illustrations coming from the dissertation written by Van der Vlist (2007). The triangles represent 

stock points, either belonging to one of the suppliers, or to Jan Linders. The rectangles represent the 

stores of Jan Linders. The circles represent the cross-docking point of Jan Linders. The dotted lines 

represent information flows while the straight arrows represent the physical flow of goods. Notice 

that Jan Linders’ stock point and cross-docking point are located in the same warehouse. Each flow 

type will be elaborated in detail in the sequel of this section. 

3.2.1 Direct store delivery  
The first flow type we discuss is direct store delivery (DSD). Currently, Jan Linders uses DSD only for 

their breads. Breads can be kept fresh in supermarkets for only one day and in order to maximize the 

freshness of bread, these are delivered directly. This is in line with findings by Van Donselaar, et al. 

(2006). The industrial bakery delivers each morning fresh breads to the stores before they open. The 

bakery has its own distribution network which is completely separated from the distribution network 
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of Jan Linders. Obviously, the main advantage of DSD is the short lead time to the store which gives 

the best possible quality. However, this requires daily deliveries from the supplier directly to the 

stores, which results in high transportation costs. Therefore, this flow type is only feasible for 

products that have an extremely short life time, such as bread. These products should be as fresh as 

possible at arrival at the store. Only for these products, the freshness outweighs the extra 

transportation costs.  

Because the products inside the scope of the problem have a shelf life longer than only one day, this 

flow type will not be considered anymore. The benefits in waste would never outweigh the high 

transportation costs of this flow type. 

 
FIGURE 3.1: JAN LINDERS’ DISTRIBUTION FLOW TYPES 
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3.2.2 Central warehousing  
Currently, the majority of the products of Jan Linders is kept in stock in the DC. The customer order 

decoupling point (CODP) in this situation is located at the distribution center of Jan Linders. The 

CODP is the point where the demand driven downstream part of the supply chain is decoupled from 

the forecast driven upstream part of the supply chain (Hoekstra & Romme, 1992). In central 

warehousing, actual store orders are fulfilled at the distribution center of the retailer. The stock in 

the distribution center is replenished based on forecasted demands. Note that not the store’s 

customers but the store itself is seen as customer here.  

One of the advantages of central warehousing is the low inbound transportation cost. As stock is 

kept at the retailer DC, products do not have to be delivered on a daily basis. Besides that, products 

are loaded onto pallets. In contrast to carriers, pallets can be stacked on each other which results in a 

higher loading degree of the truck. The drawback of keeping fresh products into inventory at the 

retailer DC is that products spend time in the DC. The more time spent at the DC, the shorter the 

remaining shelf life is. It follows that the time spent in DC is correlated with waste. The more time 

spent shelf lives and hence, more waste in the stores.  

Jan Linders operates two different store ordering policies. Most products are ordered according to 

the (𝑅, 𝑠, 𝑛𝑄) policy, while some other products are ordered according to the (𝑅, 𝑆) policy. Here the 

review period 𝑅 is the time between two successive ordering moments. The (𝑅, 𝑠, 𝑛𝑄) policy is the 

policy where products are ordered in full case packs. These case packs consist of 𝑄 consumer units. If 

the inventory level minus outstanding orders drops below reorder level 𝑠, an order of 𝑛 case packs of 

size 𝑄 is placed such that the new inventory position is equal to or greater than 𝑠. Within the (𝑅, 𝑆) 

policy stores may order in single consumer units. Here 𝑆 is both the reorder level and the order-up-

to-level. If the inventory level minus outstanding orders drops below 𝑆, a number of consumer units 

have to be ordered such that the inventory position is equal to 𝑆. The reorder levels 𝑠 and 𝑆 are 

equal to the expected demand during the next review and lead time period plus some safety stock. 

Since customer demand is stochastic, safety stock is necessary to cover for fluctuations in demand. A 

higher safety stock results in higher product availability, but also more waste.  

The policy where case packs are broken at the DC is especially useful for slow-moving products 

having a short life time. This policy allows stores to order more often in smaller quantities in order to 

decrease waste. On the other hand, handling costs both at the DC and store will increase, because 

the number of order lines will increase. Ordering products more often in smaller quantities implies 

that the order picker has to stop more often during the picking process, and that the shelf stacker 

has to search for the shelf more often. This is in accordance with Van Zelst, et al. (2009) who state 

that the number of order lines is an important cost driver for both order picking and shelf stacking.  

Products which flow through this flow type could arrive at the DC during the day. After arrival, 

products are unloaded, and put away in the storage locations. In the current situation all fresh 

products are delivered in the morning. However, in the near future this is going to change. The 

shipments will be combined with the shipments of dry groceries. This implies that each store will be 

delivered twice a day with fresh products, one shipment in the morning around the opening of the 

store, and one in the afternoon. Stores have to place their orders for case pack picking before 

15:00h. These products will be picked the same day or the next morning after which they are 

delivered to the stores in the afternoon. The shelf-stacking process of these products occurs in the 
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evening, and is performed by part time workers having a low wage. The actual lead time to the store 

is approximately one day. However, because products can only be sold after the products have been 

stacked onto the shelves in the evening, we assume that the lead time is 1.5 days. Products that are 

picked in consumer units must be ordered before 11:00h, are picked during the day and delivered 

and stacked the next morning. These products have a lead time of only one day.  

3.2.3 Cross-docking  
Next to direct store delivery and warehousing, Jan Linders also uses cross-docking (XD). Within this 

strategy store-specific orders are fulfilled onto carriers at the supplier’s warehouse. These carriers 

are transported to the retailer distribution center, where they only have to be moved to the right 

dock for outbound transportation, and possibly they are restacked in case the carrier is not loaded 

sufficiently. The CODP is located at the supplier’s warehouse, because actual store orders are already 

picked there.  

XD gives high inbound transportation costs. This has two reasons. At first, stores are delivered daily 

and since the CODP is located at the supplier, products are shipped daily from the supplier to the DC. 

For flow types where the CODP is located at the retailer DC, these shipments do not have to take 

place daily. At second, products are shipped on store specific rolling cages which implies that the 

required number of rolling cages is at least equal to the number of stores. A normal truck has a 

capacity of 54 rolling cages. Currently Jan Linders has 59 stores which do not fit in one truck. Instead 

of using two trucks, this is solved by using a longer heavier vehicle (LHV) which has a capacity of 84 

rolling cages. Despite that there is quite some space left in these trucks, these trips are rarely 

combined with other deliveries. This means that costs of a full truck load have to be paid, which 

makes cross-docking an expensive flow type. Therefore, only products with a short life time are 

candidates for cross-docking, because for these products the benefits of waste reduction could 

outweigh the high inbound transportation costs.  

In order to increase the loading degree of the truck, we also introduce the usage of dollies instead of 

rolling cages. The surface of a dolly is half the size of the surface of a rolling cage. In case of a low 

volume, each order will also fit onto a dolly. Because a dolly is smaller than a rolling cage, there will 

be more room left in the truck for other deliveries.   

The main advantage of XD is the short time spent in the supply chain, which results in a long shelf life 

and hence lower waste costs. Note that this is especially effective when the supplier produces daily. 

If a supplier produces less often, the main benefit of shipping products daily has vanished. The main 

reason to ship daily from supplier to DC is that it would result in daily fresh products. In case when 

the supplier does not produce daily, it is impossible to receive daily fresh products. Hence shipping 

daily is not beneficial, because waste would not reduce while inbound transportation costs would 

increase a lot.  

The lead time to the stores is only one day. Stores have to place their orders before 10:00h. These 

orders are sent directly to the suppliers, after which they start producing and/or picking. The orders 

arrive the same day around midnight at the DC. Here they are unloaded from the truck, moved to the 

right dock, possibly restacked, loaded into the truck and sent to the stores. The trucks arrive around 

opening at the stores. Cross-docked products are stacked onto the shelves the same morning by full 
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time employees whose hourly wage is significantly higher than those of the part time workers that 

stack the shelves in the evening.  

3.2.4 Transito  
Within the transito (TR) strategy, aggregated store orders are picked onto pallets at the supplier 

warehouse. Each SKU is loaded onto a new pallet. These pallets are transported to the DC, where 

they are moved to the TR zone. This zone is especially designed for TR operations. In this area 59 

rolling cages are placed next to each other, each rolling cage destined for a store. The pallet with the 

aggregated store orders is driven along the rolling cages and the rolling cages are loaded with the 

orders. At the end of the TR lane, the pallet is empty and can be put directly into the packaging 

section. The CODP in the transito strategy is also located at the supplier’s warehouse, because actual 

demands are fulfilled at the supplier. Actually, Jan Linders only sorts the orders per store. Jan Linders 

has designed the TR flow type such that it is only performed three times per week. Consequently, on 

the other three days the DC operates this area is unused.  

TR has a couple of advantages compared to other flow types. First of all, it mitigates the high inbound 

transportation costs compared to XD. Because pallets can be stacked onto each other, the height of a 

truck is used more efficiently. Next to that, the loss in shelf life is limited. Compared to XD, products 

spend only one extra day in the supply chain. Therefore products assigned to this flow type should 

have in general a longer life time than the products assigned to XD. Besides shelf lives, this flow type 

does not require inventory at the retailer DC. Hence, it saves space in the DC and inventory costs 

compared to the WH flow types.  

The lead time of TR is two days. Operations are performed on Mondays, Wednesdays, and Fridays. 

Stores have to place their orders one day before these operations take place. For example, stores can 

place their TR orders on Tuesday around 11:00h. Then, the aggregate demand is ordered from the 

supplier which arrives on Wednesday between 05:30h and 15:00h. During the day, the TR operations 

take place, and the orders are delivered to the store at Thursday in the morning, together with other 

fresh products. Note that not only the lead time is equal to two days, also the review period is one, 

two, or even four days. The review period is the time between two successive ordering moments. As 

was shown that an increase in lead time can increase both inventory costs and waste costs (Muskens, 

2016b), an increased review period increases inventory and waste costs for the same reason.  
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FIGURE 3.2: ORDER AND DELIVERY SCHEDULE FOR TRANSITO 

TR will not be taken into account into the flow type selection problem for a couple of reasons. The 

primary reason for excluding TR is low responsiveness. A flow type having a lead time and review 

period of both two days is hardly optimal for perishable products. Both lead time and review period 

are positively correlated with the inventory levels in the stores. More inventory results in more 

waste, especially for perishable products. One may argue that TR is useful in case a warehouse has 

not enough picking locations. Jan Linders has mentioned that capacities are not a problem. Extra 
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picking locations could be created by redesigning the order pick process where products are picked 

from multiple heights. Another option is to rent an additional warehouse. However, investigating 

these options is outside the scope of this research. Besides the picking locations, there is no good 

reason to preserve TR. Although the picking productivity measured by Jan Linders in the TR lane is 

somewhat higher than the picking productivity of the normal order pickers, we argue that TR is less 

efficient than normal order picking. Based on an analysis of the normal order picking process we 

conclude that this process could be improved. Then the normal order picking process should perform 

at least as well as TR does. More information regarding to this analysis can be found in Appendix B. 

On top of that, excluding TR would reduce some complexity of the goods- and information flows in 

the DC. It would give management more room to focus on cross-docking and warehousing.  

3.2.5 Pick-To-Zero 
Instead of completely abandoning the ideas of TR, Pick-To-Zero (PTZ) is introduced which has 

comparable characteristics. Aggregated store orders are picked onto pallets at the supplier site 

where each SKU is loaded onto another pallet. The CODP is located at the supplier. On arrival at the 

DC, the process is similar to central warehousing: pallets are put away after which orders are picked. 

The only difference with central warehousing is that there is no stock left at the end of the day. Since 

this flow type is meant to be used for perishable products, the responsiveness should be better than 

the responsiveness for TR. Therefore the review period is set to one day. Besides that, no additional 

transito lane is required.  

This flow type has also many similarities with XD. In both flow types the CODP is located at the 

supplier site. The big difference lies within loss of shelf life and transportation costs. In case of PTZ, 

the products spend one more day in the supply chain which will increase waste costs. On the other 

hand transportation costs will be lower. That is because PTZ products are shipped onto pallets 

instead of rolling cages. These pallets can be stacked on each other, which will result in a better 

loading degree of the truck.  

Unfortunately, the lead time of this flow type will be two days. Orders have to be placed in the 

morning before 11:00h, and will arrive at the DC early in the next morning. They will be put away into 

a PTZ lane which is basically the same as a normal order picking lane. Orders are picked during the 

day and placed at the dispatching zone. These are delivered to the stores the next day before the 

stores are opened. These products will also be stacked by full time employees the same morning.  

3.3 Relevant costs  
Typically inventory, handling, transportation, and waste costs are influenced by the flow type 

decision problem for fresh products. The distribution of these costs at Jan Linders is shown in Figure 

3.3. These are the operational costs for all fresh and frozen products. Specific costs at a more 

detailed level are not available. Handling costs at the DC are the costs of order picking, receiving & 

dispatching, and the processing of pallets, containers, and packings. Handling costs at the store are 

the costs of the shelf stackers. Inventory costs represent the cost of opportunity of holding inventory, 

where a percentage of 10% is used. 

Transportation costs consist of outbound transportation and inbound transportation. For the 

outbound transportation costs, only the total costs of both fresh products and non-fresh products 

are available. Based on this total, an estimation for the outbound transportation costs of fresh 
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products is made. Currently, the transportation of fresh products is completely separated from the 

transportation of non-fresh products. Both fresh and non-fresh products are delivered to the stores 

on a daily basis, where almost all stores are delivered with both fresh and non-fresh products. On 

average 30 trips per day are required to deliver all fresh products, while for non-fresh products 35 

trips are required. It follows that outbound transportation for fresh products is less expensive, 

because more stores can be visited per trip which saves costs. Outbound transportation costs for 

fresh products are roughly approximated by multiplying the ratio 30/65 with the total outbound 

transportation costs. Inbound transportation costs cannot be retrieved as these are incorporated 

into the purchase costs being paid to the supplier. We would expect them to be approximately equal 

to the outbound transportation costs. Approximately half of the products are kept in stock and are 

not delivered daily which saves a lot of transportation costs. On the other hand, the stores are all 

located in the south-east of The Netherlands and hence, driving distances are shorter compared to 

the distances of inbound transportation.  

Finally, waste costs represent the buying price of all products that have been thrown away. 

Remarkable is the high amount of waste costs.  

 
FIGURE 3.3: DISTRIBUTION OF OPERATIONAL COSTS OF FRESH AND FROZEN PRODUCTS IN JAN LINDERS' 
SUPPLY CHAIN 

Figure 3.3 shows how small inventory costs are in the fresh supply chain of Jan Linders. In fact, 53% 

of the inventory costs in this figure can be allocated to frozen products which do actually not belong 

to fresh products. Jan Linders aims for a lower service degree in the DC for fresh products than for 

non-fresh products. A higher service degree leads to more inventory and hence, more waste. As 

inventory costs play such a small role, they are excluded from the flow type selection problem. 

Inventory costs could increase if it follows that more products should be kept on stock. In the worst 

case, all cross-dock and transito products should be kept on stock. Then the number of SKUs that are 

kept on stock will double and consequently, inventory costs will also double. If this extreme occasion 

would be the case, inventory costs would still only increase with less than a percent, because half of 

Inventory  
1% 

Handling Store 
17% 

Handling DC 
14% 

Inbound 
Transportation 

13% Outbound 
Transportation 

13% 

Waste 
42% 



 

 16  
 
 

the current inventory costs are due to frozen products. The potential benefits to save on waste, 

transportation and handling costs outweigh the possible increase in inventory costs. This leads to the 

conclusion that inventory costs are not relevant to the flow type selection problem for perishable 

products.  

3.4 Production strategy  
The production strategy of the supplier plays a key role in the flow type selection problem. Suppliers 

are divided into two categories. A supplier produces either make-to-stock (MTS) or make-to-order 

(MTO). An MTS producer produces his products to stock based on forecasted demands. By producing 

in large batches, production costs are kept low and the number of set-ups are limited (Van Donk, 

2001). Next to that, MTS producers are more responsive because orders can be satisfied immediately 

from stock. Therefore MTS producers typically have shorter lead times. Besides all the benefits of 

producing on stock, this strategy has also some downsides. The main drawback of producing fresh 

products on stock is that inventory must be hold. As discussed before, the more inventory is held, the 

more time it spends in inventory and the less time is left to sell the products. When an MTO strategy 

is infeasible for a supplier of products having a short life time, waste can still be kept low by having 

daily production cycles and keeping inventory levels as low as possible.  

Where MTS producers produce based on forecasted demand, MTO producers produce the exact 

incoming orders of its customers. This has the advantage that delivered products always have the 

same life time at arrival at the DC. Moreover, this life time will not be longer because it is shipped 

immediately after production. This strategy brings huge benefits for the retailer, especially for 

suppliers of products for which waste is an issue.  

According to Van der Vlist (2007), one stock point per supply chain is enough. Therefore, it is 

recommended to discuss the possibilities of MTO with the supplier. Ideally, products are sent 

immediately after production to the retailer DC, where the CODP is located. Unfortunately, not all 

suppliers are willing to supply Jan Linders according to an MTO strategy. Sharing information about 

production moments is a good alternative. If it is known when productions take place, orders could 

be placed just before production starts, and picked up after production has ended. Although this 

situation would result in the optimal supply chain, in reality it is hard to attain. Many suppliers are 

producing on stock, and Jan Linders has little knowledge about the production moments of his 

suppliers.  

3.5 Service level 
3.5.1 Distribution center 
The service level in the DC is related with the waste in the stores. A high service level implies more 

inventory. More inventory has the result that inventory spends more time in the DC, which indicates 

that products can spend less time on the shelf. A lower service level does not necessarily imply that 

customers face more empty shelves. It implies that stores face more out of stock situations at the DC, 

which has the result that average lead times will increase. Stores should protect themselves against 

these increased lead times by increasing the reorder levels in the stores. Jan Linders aims for a fill 

rate of 80% in the DC, where the fill rate is defined as the percentage of demand that can be satisfied 

from the stock immediately. This results in small or even negative safety stocks in the DC. Using the 

target fill rate, the reorder level in the DC can be calculated. The reorder level consists of the 
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expected demand during the lead time and review period, plus some safety stock to cover against 

demand fluctuations. 

3.5.2 Store  
Unlike the service measure in the DC, an exact fill rate of the stores cannot be calculated. That is 

because customer demand is unknown. Only sales are known, which do not say anything about the 

potential sales in out of stock situations. Currently the reorder levels in the stores consist of three 

components: expected demand during the lead time and review period, safety stock, and 

presentation stock. The presentation stock ensures that shelves do not look empty, and at the same 

time these stocks may not exceed the demand during the shelf life of the product. However, how 

reorder levels are calculated will be redesigned in the near future, and therefore these calculations 

will not be used. Jan Linders aims for a target fill rate of 95% in the stores. Based on this fill rate, the 

reorder levels will be estimated.  

3.6 Conceptual model 
This section will present the conceptual model, which is in the form of a decision tree. This model 

assigns suppliers to flow types based on supplier and product characteristics. The decisions in this 

model are made based on findings from the literature and practice, and will be explained in more 

detail in this section. Note that many decisions within the model are not specific. That is because it 

depends on multiple factors, which could not be captured within this conceptual model. The main 

focus of this model to provide some guidelines and to show how supplier and product characteristics 

are related with flow types.  

MTO 

The model starts with the question whether items are produced according to an MTO or MTS 

strategy. As explained in section 3.4, an MTO strategy is more beneficial for the retailer. Typically in 

an MTO situation, inventory is kept at the retailer DC. One of the reasons for this is that it is almost 

impossible to produce and ship store orders within one day to the stores. Though, in the current 

situation of Jan Linders, there are a couple of suppliers who are able to supply through this way. In 

order to determine whether it is even possible to operate a stockless depot at the retailer DC, the 

lead time to the store and the review period are crucial. If either the lead time or the review time is 

longer than one day, the products must be kept on stock in the retailer DC. Otherwise the 

responsiveness restrictions would not be met.  

The following important characteristic is the life time of the products. If the life times of the products 

are long enough, there is no reason to maintain a stockless depot at the DC. A stockless depot would 

make the logistic processes unnecessarily complicated. Furthermore, it would result in daily 

shipments from supplier to DC, which are avoidable when stock is kept at the retailer DC.  

Eventually if both a lead time and review period of one day can be achieved, and the products have a 

really short life time, then there are still three options to choose from. These are WHCU, PTZ, and XD. 

In case of a low volume, or high costs for store-specific picking, XD is not feasible. Performing XD for 

a low volume supplier results in shipping daily rolling cages with a low loading degree; this would 

result in relative high inbound transportation costs. Also if high prices are charged for picking on 

rolling cages, handling costs become too high. The final decision to use WHCU or PTZ remains 

unanswered. Both policies focus on waste reduction.  
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MTS 

For MTS products, more information about the other possible buyers is required. In case Jan Linders 

is a large buyer, it is worth investigating whether it is possible to supply according to an MTO 

strategy. If Jan Linders is only a small buyer, this will probably not an option. Moreover, the benefits 

of MTO are smaller when Jan Linders is a small buyer. If Jan Linders is only a small buyer, it implies 

that the supplier has to produce a large volume of products. Most probably the production cycle is 

not too long, because that would require an enormous storage location. Therefore, as the production 

cycle is not too long, it is likely that at each delivery fresh products are received. This in contrast to 

the situation where Jan Linders is a large buyer. Then it is more likely that products with the same 

expiration date are received in two consecutive deliveries.  

The next step in the model is to determine the life time of the product. Note that the boundary for 

this decision differs depending on the sales of Jan Linders relative to the total sales of the supplier. As 

discussed above, if Jan Linders is a small buyer, life times of products will be longer than when Jan 

Linders is a large buyer. Therefore it is more interesting to keep these products in stock in the retailer 

DC. Likewise, if Jan Linders is a large buyer, PTZ and XD are more interesting unless the life time of 

the product is not an issue. The remainder of the model is similar to the case where products were 

produced on order.  
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FIGURE 3.4: CONCEPTUAL MODEL 
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4 Quantitative model 
This chapter presents the quantitative model that has been used to solve the problem. First we 

explain the approach we have used to model the situation. Thereafter, the assumptions of the model 

are presented. After that, all variables are listed. Then all relevant costs are modelled. Eventually we 

validate a couple of approximations that have been used.  

4.1 Approach  
It is considered impossible to experiment with the current supply chain by testing the effects of using 

different flow types, as this would bring too much risks and costs. These risks and costs are 

circumvented by using a mathematical model. A model is an external and explicit representation of a 

part of the reality as seen by the people who wish to use that model to understand, to change, to 

manage, and to control that part of reality (Pidd, 1999). The mathematical model can be built using 

an analytical approach, or by using a simulation. An analytical approach is especially useful if 

relationships that compose the model are simple enough. However, most real-world problems are 

too complex to model analytically (Law & Kelton, 1991). In this research an analytical model will be 

used. The relations that cannot be modelled analytically (e.g., waste), are estimated using 

approximations. 

4.2 Assumptions 
This section lists the assumptions that are made when composing the model.  

 The customer demand with a known mean and standard deviation is fitted to a discrete 

distribution based on the method by Adan, et al. (1995).  

 Demand is independent and identically distributed between periods. 

 The demand characteristics of the stores that sell a certain product are equal.  

 Stores are opened six days per week and the week pattern in sales is ignored.  

 The DC operates six days per week.  

 Products only expire in the stores.  

 Volume effects due to different waste percentages are ignored.  

 Only for the calculations of reorder levels, we assume a waste percentage of 5%.  

 Only the physical volume of the products are studied when considering the loading degree of 

the rolling cage.  

 Products that arrive in the morning at the store are stacked on the shelf before the stores are 

opened. Products that arrive in the afternoon at the store are stacked on the shelf in the 

evening, and could only be sold from the moment that the store opens the next day.  

 There is always a shipment from supplier to DC at an ordering moment. 

 Each store receives two deliveries per day: one in the morning before the store opens and 

one in the afternoon.  

 Products are withdrawn from the shelf according to the first in first out method. 

 In case of an out of stock at the DC, the products are backordered.  

 Out of stock situations in the store are considered as lost sales.  

 The DC has a target fill-rate of 80% and stores of 95%.  

 In case of warehousing, the base order quantity of the dc to the supplier is a full pallet layer. 

 Suppliers deliver with 100% certainty.  
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 Shelves have infinite capacity 

 EWA replenishment policy at the stores (Appendix E).  

4.3 Sets, variables, and parameters 
In this section first the sets, variables and parameters that are used in the model will be presented. 

The following sets are used in the model:  

Set Index Description 

𝐹𝑇 𝑓𝑡 Set of flow types (𝐹𝑇 = {𝑊𝐻𝐶𝑃,𝑊𝐻𝐶𝑈, 𝑃𝑇𝑍, 𝑋𝐷})  

𝑊𝐻 ⊂ 𝐹𝑇 𝑤ℎ Set of warehousing flow types (𝑊𝐻 = {𝑊𝐻𝐶𝑃,𝑊𝐻𝐶𝑈})  

𝐾 𝑘 Set of locations 

𝑊 ⊂ 𝐾 𝑤 Set of suppliers 

𝐷𝐶 ⊂ 𝐾 𝑑𝑐 Set of distribution centers 

𝑂 ⊂ 𝐾 𝑜 Set of stores  

𝐼(𝑤) 𝑖 Set of items supplied by supplier 𝑤 

𝑃 𝑝 Set of policies for supplying the store  

𝑆𝑡𝑟 𝑠𝑡𝑟 The strategy of the supplier with 𝑆𝑡𝑟 = {𝑀𝑇𝑂,𝑀𝑇𝑆} 

The following variables are used: 

Variable Description 

𝑎𝑓𝑡 Time before shelves are stacked for flow type 𝑓𝑡 in days 

𝑐𝑤,𝑓𝑡,𝑠𝑡𝑟
𝐼𝑇  Inbound transportation costs per shipment for supplier 𝑤 using flow type 𝑓𝑡 and 

strategy 𝑠𝑡𝑟 

𝐶𝑎𝑝𝑐𝑚 Capacity of a carrier in m3 

𝐶𝑎𝑟𝑤,𝑓𝑡,𝑠𝑡𝑟 Number of carriers delivered to the DC per day by supplier 𝑤 when using flow type 

𝑓𝑡 and strategy 𝑠𝑡𝑟 

𝐷𝑡,𝑖 Demand per store for a period of 𝑡 days of item 𝑖 in consumer units  

𝐷𝑡,𝑖
𝑡𝑜𝑡 Aggregated demand of all stores for a period of 𝑡 days of item 𝑖 in case packs 

𝑑𝑖𝑠𝑡𝑤 Distance between supplier 𝑤 and the DC 

𝐷𝐹𝑖  Number of deliveries per week from supplier to DC of product 𝑖  

𝐺𝑖,𝑠𝑡𝑟 Guaranteed life time at arrival DC of product 𝑖 when the supplier uses strategy 𝑠𝑡𝑟 

𝐼𝑃𝑖,𝑓𝑡
𝐷𝐶  Inventory position in the DC in case packs just after an ordering moment 

𝐼𝑃𝑂 Inventory position in the stores in consumer units just after an ordering moment  

𝐿 Lead time from DC to store 

𝐿𝐷𝑤,𝑠𝑡𝑟 Loading degree of the half-loaded carrier in %coming from supplier 𝑤 having 

strategy 𝑠𝑡𝑟  

𝑀𝑖,𝑓𝑡,𝑠𝑡𝑟 Shelf life of product 𝑖 supplied through flow type 𝑓𝑡 and supplied under strategy 𝑠𝑡𝑟 

𝑂𝐿𝑖,𝑓𝑡,𝑠𝑡𝑟
𝑘  Number of order lines per review period of location 𝑘 for product 𝑖 for flow type 𝑓𝑡 

and strategy 𝑠𝑡𝑟 

𝑂𝑆𝑖,𝑓𝑡,𝑠𝑡𝑟
𝑘  Order size in case packs per order of location 𝑘 for product 𝑖 for flow type 𝑓𝑡 and 

strategy 𝑠𝑡𝑟 

𝑃2 Fill rate at the store 

𝑃𝑖 Number of productions per week of product 𝑖 

𝑃𝑎𝑙𝑤,𝑓𝑡,𝑠𝑡𝑟 Number of pallets delivered to the DC per day by supplier 𝑤 when using flow type 
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𝑓𝑡 and strategy 𝑠𝑡𝑟 

𝑃𝑃𝑤,𝑓𝑡,𝑠𝑡𝑟 Number of pallet positions used per day by supplier 𝑤 when using flow type 𝑓𝑡 and 

strategy 𝑠𝑡𝑟 

𝑄𝑖
𝐶𝑃 Number of consumer units per case pack for item 𝑖 

𝑄𝑖
𝐿𝑎𝑦

 Number of case packs per pallet layer for item 𝑖 

𝑄𝑖
𝑃𝑎𝑙 Number of case packs per pallet for item 𝑖 

𝑄𝑃𝑃𝑇 Number of pallet positions per truck  

𝑅𝑒𝑠𝑡𝑎𝑐𝑘𝑤,𝑠𝑡𝑟 Number of case packs that need to be restacked per supplier 𝑤 and strategy 𝑠𝑡𝑟 

𝑅𝑤 Review period for orders placed by the DC, for supplier 𝑤 

𝑠𝑖,𝑓𝑡
𝐷𝐶  Reorder level at the DC of product 𝑖 in case packs when flow type 𝑓𝑡 is used 

𝑠𝑖,𝑓𝑡
𝑂  Reorder level at the store of product 𝑖 in consumer units when flow type 𝑓𝑡 is used 

𝑆𝑡𝑖  Total number of stores selling product 𝑖 

𝑆𝑡𝑡𝑜𝑡 Total number of stores 

𝑆𝑢𝑝𝑡,𝑖,𝑓𝑡,𝑠𝑡𝑟
𝐷𝐶  Total supply in case packs of item 𝑖 for a period of 𝑡 days for flow type 𝑓𝑡 and 

strategy 𝑠𝑡𝑟 

𝑆𝑢𝑝𝑡,𝑖,𝑓𝑡,𝑠𝑡𝑟
𝑂  Supply in consumer units to the store of item 𝑖 for a period of 𝑡 days for flow type 

𝑓𝑡 and strategy 𝑠𝑡𝑟 

𝑆𝑆𝑖
𝐷𝐶 Safety stock at the DC for product 𝑖 

𝑇𝑖,𝑠𝑡𝑟
𝐷𝐶  Life time at arrival DC of product 𝑖 

𝑇𝑖,𝑓𝑡,𝑠𝑡𝑟
𝑠𝑡  Life time at arrival store of product 𝑖 

𝑇𝑟𝑢𝑐𝑘𝑠𝑤,𝑓𝑡,𝑠𝑡𝑟
𝐹𝑇𝐿  Number of full truckloads required per day to ship the products coming from 

supplier 𝑤 using flow type 𝑓𝑡 and strategy 𝑠𝑡𝑟 

𝑇𝑟𝑢𝑐𝑘𝑠𝑤,𝑓𝑡,𝑠𝑡𝑟
𝐿𝑇𝐿  Number of less than truckloads required per day to ship the products coming from 

supplier 𝑤 using flow type 𝑓𝑡 and strategy 𝑠𝑡𝑟 

𝑣𝑖 Physical volume of a case pack of product 𝑖 in m3 

𝑉𝑤 Total physical volume transported coming from supplier 𝑤 to the store in m3 per 

ordering moment 

𝑍𝑖,𝑚 Relative outdating for product 𝑖 when the shelf life is 𝑚 days 

𝑍𝑤,𝑓𝑡
𝑡𝑜𝑡  Number of expired products in the stores coming from supplier 𝑤 using flow type 𝑓𝑡 

ℙ{…} Probability of  

⌈… ⌉ or ⌊… ⌋ Rounded up or rounded down  

〈… 〉 Rounded to the nearest integer 

𝔼[… ] Expectation of  

Var[…]  Variance of  

4.4 Determination of supply, order lines and order sizes, waste and 
reorder levels  

Many cost drivers that will be discussed in the remainder of this chapter depend on the supply, order 

lines, order sizes, or a combination of these concepts. In order to determine the order lines and order 

sizes, one should first calculate the reorder levels in both the store and DC. Therefore these 

calculations will be shown here.  
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4.4.1 Supply 
The total supply is equal to the sum of the sales and the waste in the stores. The supply is useful as it 

represents the average amount of products that is processed from supplier to the store. We assume 

that the coefficient of variation of the supply is equal to the coefficient of variation of the demand. 

This implies that the standard deviation of the demand and supply might differ. The supply is 

calculated by taking the demand per store, multiplying it with the total number of stores selling the 

product, dividing it by the case pack size, and eventually correcting it for the fill rate and the 

expected waste. Waste costs depend on the shelf life of a product. . As will be explained in more 

detail in Section 4.5, the shelf life is a stochastic variable and depends on product characteristics, the 

distribution flow type and the production strategy of the supplier. The probability mass function is 

used to calculate the expected shelf life. Next to that, a function for the supply per store is provided, 

which gives the supply in consumer units.  

 
𝑆𝑢𝑝𝑡,𝑖,𝑓𝑡,𝑠𝑡𝑟

𝐷𝐶 = 𝐷𝑡,𝑖 ⋅
𝑆𝑡𝑖

𝑄𝑖
𝐶𝑃 ⋅ 𝑃2 ⋅ ∑ ℙ{𝑀𝑖,𝑓𝑡,𝑠𝑡𝑟 = 𝑚}𝑍𝑖,𝑚

∞

𝑚=0

 (1) 

 
𝑆𝑢𝑝𝑡,𝑖,𝑓𝑡,𝑠𝑡𝑟

𝑂 = 𝐷𝑡,𝑖 (𝑃2 + ∑ ℙ{𝑀𝑖,𝑓𝑡,𝑠𝑡𝑟 = 𝑚}𝑍𝑖,𝑚

∞

𝑚=0

) (2) 

4.4.2 Reorder levels  
Jan Linders aims for a fill rate of 95% in their stores. This implies that 95% of all demand in the stores 

should be satisfied from the shelve immediately. In order to meet this restriction, the reorder level in 

the store should be high enough. The reorder levels are calculated with the DoBr tool and consist of 

the expected demand during the lead time and review period plus safety stock. The DoBr tool is a 

tool invented by Van Donselaar & Broekmeulen (2015), with functions to calculate several KPIs for 

the (𝑅, 𝑠, 𝑛𝑄)and (𝑅, 𝑠, 𝑆) inventory systems. The safety stocks used in the DoBr tool are calculated 

with the approximations provided by Van Donselaar and Broekmeulen (2013). According to the 

standard function for calculating reorder levels, they depend on the lead time, review period, 

demand distribution, case pack size, and target fill rate. Both the lead time and review period are 

equal to one day, the demand distribution and case pack size depend on the product, and the target 

fill rate is 0.95%. This would imply that the reorder level only depends on the product, and not on the 

chosen flow type. However, that would only be true if products are delivered with 100% certainty. 

Indeed, it is assumed that the product availability at the supplier is 100%, but the DC’s fill rate is 80%. 

Consequently, flow types with the CODP located at the supplier are satisfied immediately and have a 

lead time of only one day. This in contrast to flow types with the CODP located at the retailer DC, 

where products are delivered with only 80% certainty. If a product cannot be delivered, there is a 

20%⋅80% probability that it will be delivered the next day. With 20%⋅20%⋅80%, the products arrive 

the day after that, and so on. All in all, it follows that the lead time is stochastic. Hence, reorder levels 

in the store also depend on the chosen flow type. In order to calculate the reorder level in case of 

stochastic demands, the average demand and standard deviation of the demand during lead time are 

required. When five days are considered, a product is delivered with ∑ 0.2𝑖0.84
𝑖=0 = 99.97% 

certainty, which is close enough to 100%. In order to determine the average demand and the 

variance of the demand during lead time, the average lead time and the variance of the lead time are 

required. Taking into account that almost all products arrive within 5 days, the average lead time can 

be calculated with  
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𝔼[𝐿] =∑𝑙 ⋅ ℙ(𝐿 = 𝑙)

5

𝑙=1

. (3) 

Then the variance can be calculated with 

 
Var[𝐿] = 𝔼[𝐿2] − 𝔼2[𝐿] =∑𝑙2 ⋅ ℙ(𝐿 = 𝑙)

5

𝑙=1

− 𝔼2[𝐿]. (4) 

Now, the expected demand during the lead time is 

 𝔼[𝐷𝑖
𝐿] = 𝔼[𝐷𝑖] ⋅ 𝔼[𝐿] (5) 

and the variance during demand is equal to  

 Var[𝐷𝑖
𝐿] = 𝔼[𝐿] ⋅ Var[𝐷𝑖] + 𝔼

2[𝐷𝑖] ⋅ Var[𝐿]. (6) 

The reorder levels in the DC are calculated similarly, and have only to be calculated for the flow types 

WHCP and WHCU. As it is assumed that suppliers deliver with 100% certainty, stochastic lead times 

are not relevant here. Instead of using the case pack size, the pallet layer is used as base order 

quantity. Instead of using the demand in the stores, we use the supply to the stores. The supply is 

calculated by correcting the demand by the fill rate of 95% and the waste percentage of 5%. 

4.4.3 Order lines and order sizes 
The expected number of order lines represents the probability that an order is placed, and the 

expected order size is the expected size of an order under the condition that an order is placed. In 

the long-term, expected order sizes multiplied with order lines are equal to the expected supply per 

ordering moment. The expected number of order lines can be approximated with the probability that 

the inventory position just after an ordering moment minus the supply during the review period is 

lower than the reorder level (Van Donselaar & Broekmeulen, 2015). The inventory position in the DC 

just after an ordering moment follows a discrete uniform distribution with values between the 

reorder level 𝑠𝑖,𝑤ℎ
𝐷𝐶  and reorder level plus the fixed order quantity size minus 1. We have  

 𝐼𝑃𝑖,𝑤ℎ
𝐷𝐶 ∼ unif(𝑠𝑖,𝑤ℎ

𝐷𝐶 , 𝑠𝑖,𝑤ℎ
𝐷𝐶 + 𝑄𝑖

𝐿𝑎𝑦
− 1) (7) 

Then the expected amount of order lines is equal to  

 𝔼[𝑂𝐿𝑖,𝑤ℎ,𝑠𝑡𝑟 
𝐷𝐶 ] = ℙ{𝐼𝑃𝑓𝑡

𝐷𝐶 − 𝑆𝑢𝑝𝑅𝑤,𝑖,𝑤ℎ,𝑠𝑡𝑟
𝐷𝐶 < 𝑠𝑖,𝑤ℎ

𝐷𝐶 }. (8) 

And since the expected order lines multiplied with the expected order sizes must be equal to the 

expected supply in the long term, we have  

 
𝔼[𝑂𝑆𝑖,𝑓𝑡,𝑠𝑡𝑟

𝐷𝐶 ] =
𝔼[𝑆𝑢𝑝𝑅𝑤,𝑖,𝑤ℎ,𝑠𝑡𝑟

𝐷𝐶 ] 

𝔼[𝑂𝐿𝑖,𝑓𝑡,𝑠𝑡𝑟
𝐷𝐶 ]

  (9) 

The inventory position in the store, number of order lines, and the order sizes are calculated 

similarly:  

 𝐼𝑃𝑖,𝑓𝑡
𝑂 ∼ unif(𝑠𝑖,𝑓𝑡

𝑂 , 𝑠𝑖,𝑓𝑡
𝑂 + 𝑄𝑖

𝐶𝑃 − 1) 
(10) 
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 𝔼[𝑂𝐿𝑖,𝑓𝑡,𝑠𝑡𝑟 
𝑂 ] = ℙ{𝐼𝑃𝑓𝑡

𝑂 − 𝑆𝑢𝑝𝑡,𝑖,𝑓𝑡,𝑠𝑡𝑟
𝑂 < 𝑠𝑖,𝑓𝑡

𝑂 }.  
(11) 

 
𝔼[𝑂𝑆𝑖,𝑓𝑡,𝑠𝑡𝑟

𝑂 ] =
𝔼[𝑆𝑢𝑝𝑡,𝑖,𝑓𝑡,𝑠𝑡𝑟

𝑂 ] 

𝔼[𝑂𝐿𝑖,𝑓𝑡,𝑠𝑡𝑟
𝑂 ]

  (12) 

Note that in case of WHCP, the case pack size 𝑄𝑖
𝐶𝑃 is equal to 1, which results in a deterministic 

inventory position just after replenishment.  

4.5 Waste costs  
The expected waste of products is calculated with approximations found by Van Donselaar & 

Broekmeulen (2012). These approximations are applicable to the EWA inventory policy, and can be 

easily calculated with the DoBr tool. Waste depends on lead time, review period, demand 

distribution, the reorder level (in the store), shelf life, and case pack size. The function for calculating 

waste assumes that lead time and review period are deterministic. As discussed before, the lead time 

to the store for flow types WHCP and WHCU is stochastic. Unfortunately there are no alternative 

functions available to calculate waste in a situation with stochastic lead times. In order to estimate 

waste for these flow types, we will approximate it by assuming that the lead time is deterministic and 

equal to the average lead time 𝔼[𝐿].  

In order to calculate the waste costs, the shelf life of a product must be determined. The shelf life is 

the time a product has left before it expires when it is placed on the shelf. The shelf life is stochastic 

and depends on the guaranteed life time, flow type, and the production strategy of the supplier. 

Before we study the shelf life in more detail, we would like to note that the guaranteed life time 

communicated by the supplier may be lower than the actual minimal life time. Suppliers want to 

minimize the risk of throwing products away, due to a guaranteed life time that has expired. 

Therefore they often communicate a lower guaranteed life time than what the actual minimal life 

time is. We recommend Jan Linders to check what the actual minimum life times of the products are 

when they arrive at the DC, because a wrong estimated guaranteed life time would bias the results of 

the model.  

4.5.1 Life time at arrival distribution center 

Make-to-order 

The life time at arrival DC depends on the production strategy of the supplier. The influence of MTO 

and MTS on the life time of a product will be explained first. In case of an MTO situation, determining 

the life at arrival at the DC is trivial. Because no inventory is kept on stock at the supplier, products 

are produced on order and immediately shipped afterwards. This implies that products always have 

the same life time at arrival in the DC. For these products we will use the guaranteed life time as life 

time at arrival in the DC. In this case the life time at arrival DC is deterministic with 𝑇𝑖,𝑀𝑇𝑂
𝐷𝐶 = 𝐺𝑖,𝑀𝑇𝑂 .  

Make-to-stock 

If the supplier operates an MTS strategy, calculating the life time at arrival DC is more complex. 

Products are not produced on order, but kept on stock. When an order comes in the products with 

the shortest remaining life time – which should be equal or greater than the guaranteed life time – 

are sent to the retailer. This means that products do not always have the same life time when they 

arrive at the retailer. Hence, in this case, the life time at arrival is stochastic. The time between two 
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production moments is a primary indicator of the distribution of the time of arrival at the DC (Figure 

4.1).  

 

FIGURE 4.1: INVENTORY LEVEL SUPPLIER, IN CASE OF STATIONARY DETERMINISTIC DEMAND.  

Most producers have a variable production moment, and since information about production 

moments is not shared between suppliers and Jan Linders, it is unknown at which moment the 

production starts. We will assume that the probability of receiving an old product is equal to the 

probability of receiving a fresher product. In order to approximate these probabilities, we will use the 

guaranteed life time of the supplier in combination with the production frequency. In the worst case, 

the life time of a product is equal to the guaranteed life time. In the best case, the life time is equal 

to the guaranteed life time plus the time between two production moments minus 1. The purpose is 

to set up a discrete distribution for the time of arrival at the DC. Unfortunately, the term 6/𝑃𝑖 could 

lead to a non-integer. Simply rounding up or down would bias the result, because it could give the 

same value for different values of 𝑃𝑖. This is resolved as follows: in case 6/𝑃𝑖 is non-integer, the term 

is rounded down with probability ⌈6/𝑃𝑖⌉ −  6/𝑃𝑖, and rounded up with probability 6/𝑃𝑖 − ⌊6/𝑃𝑖⌋. 

Then we have 

 

𝑇𝑖,𝑀𝑇𝑆
𝐷𝐶 ∼

{
 

 unif (𝐺𝑖,𝑀𝑇𝑆, 𝐺𝑖,𝑀𝑇𝑆 + ⌊
6

𝑃𝑖
⌋ − 1) w.p. ⌈6/𝑃𝑖⌉ −  6/𝑃𝑖

unif (𝐺𝑖,𝑀𝑇𝑆, 𝐺𝑖,𝑀𝑇𝑆 + ⌈
6

𝑃𝑖
⌉ − 1) w.p. 6/𝑃𝑖 − ⌊6/𝑃𝑖⌋ 

  (13) 

In fact, due to stochastic demand, the remaining life time at arrival could be even longer. Since 

demand is stochastic, suppliers hold safety stocks which cover fluctuations in demand. Moreover, 

they want to minimize the risk of having products in stock from which the guaranteed life time has 

expired. This implies that they set the guaranteed life time lower than the life time after production 

minus the length of a production cycle. As a result, the distribution described in (13) does not 

approximate reality completely. Products could also be fresher than the upper boundary of this 

distribution. Unfortunately, every supplier has different settings for their safety stocks, and 

modelling all of them is impossible.  

4.5.2 Life time at arrival store 
The life time of a product when it arrives at the store depends on the life time at arrival DC, and the 

time products spend in the DC. The time in DC depends mainly on which flow type is chosen for the 

product.  



 

 27  
 
 

Cross-dock 

When products are distributed to the stores via a cross-dock, the time spent in DC is short and hence 

the life time at arrival store is long. Products being cross-docked arrive at the DC between 22:00h and 

01:00h. As most products arrive before 24:00h, we assume that the guaranteed life time is the 

remaining life time of a product when it would arrive before 24:00h. After arrival at the dock, they 

are cross-docked to the right docks. Finally, products are delivered to the stores, usually before 

09:00h. Indeed, products spend no longer than 12 hours in the DC. Hence, in case of cross-docking 

the life time at arrival in the store of a product is equal to the life time at arrival DC minus 1 day. 

 𝑇𝑖,𝑋𝐷,𝑠𝑡𝑟
𝑠𝑡 = 𝑇𝑖,𝑠𝑡𝑟

𝐷𝐶 − 1 (14) 

Pick-to-Zero 

Similar to cross-docking, products in a PTZ situation have no stock point at the DC. Pick-to-zero 

products arrive at the DC early in the morning. After arrival, they have to be put into inventory where 

they spend no longer than 12 hours. After that, they are picked together with other products stored 

in the DC. The products are delivered the next day in the morning together with the other fresh 

products.  

 𝑇𝑖,𝑃𝑇𝑍,𝑠𝑡𝑟
𝑠𝑡 = 𝑇𝑖,𝑠𝑡𝑟

𝐷𝐶 − 1 (15) 

Warehousing 

Products being warehoused arrive during the day and are stored in the DC for some time. The time 

products spend in DC depends on the safety stock in the DC, and the delivery frequency to the DC. 

The more safety stock a DC holds, the longer it takes before products arrive in the store. Jan Linders 

aims for a fill rate of 80% in the DC. Using the target fill rate, the safety stock in the DC can be 

calculated with the DoBr-tool. Besides safety stock, the delivery frequency is another indicator for 

the remaining life time at arrival store. A higher delivery frequency results in lower inventory levels 

and hence higher life times at the stores. The life time at arrival store of a product will be modelled 

with a uniform distribution. In the best case, stores receive products that only have been stored 

during the period where safety stock from the previous batch was processed first. This is modelled by 

dividing the safety stock 𝑆𝑆𝑖
𝐷𝐶 by the average demand 𝔼[𝐷𝑖]. In the worst case, products serve as 

safety stock and are sold while the next batch has arrived already. Here products wait for the next 

shipment to arrive which takes 6/𝐷𝐹𝑖 days, after which they can be sold. If product availability in the 

DC is not set too high, safety stock could even be negative. Therefore, this term must be equal or 

greater than zero. The remaining life time at arrival at the store is distributed as follows: 

𝑇𝑖,𝑤ℎ,𝑠𝑡𝑟
𝑠𝑡

∼

{
 
 
 
 

 
 
 
 unif(𝑇𝑖,𝑠𝑡𝑟

𝐷𝐶 − ⌊
6

𝐷𝐹𝑖
⌋ − max(⌊

𝑆𝑆𝑖
𝐷𝐶

𝔼[𝐷𝑖]
⌋ , 0) , 𝑇𝑖,𝑠𝑡𝑟

𝐷𝐶 − max (⌊
𝑆𝑆𝑖

𝐷𝐶

𝔼[𝐷𝑖]
⌋ , 0) − 1) w.p. 𝛼𝛽

unif(𝑇𝑖,𝑠𝑡𝑟
𝐷𝐶 − ⌈

6

𝐷𝐹𝑖
⌉ − max(⌊

𝑆𝑆𝑖
𝐷𝐶

𝔼[𝐷𝑖]
⌋ , 0) , 𝑇𝑖,𝑠𝑡𝑟

𝐷𝐶 − max (⌊
𝑆𝑆𝑖

𝐷𝐶

𝔼[𝐷𝑖]
⌋ , 0) − 1) w.p. (1 − 𝛼)𝛽

unif(𝑇𝑖,𝑠𝑡𝑟
𝐷𝐶 − ⌊

6

𝐷𝐹𝑖
⌋ − max(⌈

𝑆𝑆𝑖
𝐷𝐶

𝔼[𝐷𝑖]
⌉ , 0) , 𝑇𝑖,𝑠𝑡𝑟

𝐷𝐶 − max (⌈
𝑆𝑆𝑖

𝐷𝐶

𝔼[𝐷𝑖]
⌉ , 0) − 1) w.p. 𝛼(1 − 𝛽)

unif(𝑇𝑖,𝑠𝑡𝑟
𝐷𝐶 − ⌈

6

𝐷𝐹𝑖
⌉ − max(⌈

𝑆𝑆𝑖
𝐷𝐶

𝔼[𝐷𝑖]
⌉ , 0) , 𝑇𝑖,𝑠𝑡𝑟

𝐷𝐶 − max (⌈
𝑆𝑆𝑖

𝐷𝐶

𝔼[𝐷𝑖]
⌉ , 0) − 1) w.p. (1 − 𝛼)(1 − 𝛽)

 (16) 
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with 𝛼 =  ⌈
6

𝐷𝐹𝑖
⌉ −

6

𝐷𝐹𝑖
 and 𝛽 = ⌈

𝑆𝑆𝑖
𝐷𝐶

𝔼[𝐷𝑖]
⌉ −

𝑆𝑆𝑖
𝐷𝐶

𝔼[𝐷𝑖]
. 

4.5.3 Shelf life  
The shelf life of a product starts when a product is placed onto the shelf. The actual replenishment of 

the shelves differs per flow type. Typically this shelf stacking time is somewhere in the morning for 

XD, PTZ, and WHCU, and somewhere between 16:00h and 21:00h for WHCP. This can be explained 

by the fact that full-time store employees are more expensive than young part-time employees who 

work in the afternoon and evening. Therefore full-time employees only stack fresh products in the 

morning for which the life time is critical. It is expected that products assigned to XD, PTZ, or WHCU 

have a shorter life time than products assigned to WHCP. Therefore only these may be stacked at a 

higher costs. The shelf-stacking time is in fact part of the lead time to the store, because products 

cannot be sold before they are stacked. Even in an out-of-stock situation products are not stacked 

earlier, because the backroom is an uncontrolled stock point. It takes too much time to search for a 

specific product in the backroom. It follows that the shelf-stacking time is essential in determining 

the lead times to the stores. The model includes a variable 𝑎𝑓𝑡 that indicates per product how long it 

takes before the shelves are replenished.  

 𝑀𝑖,𝑓𝑡,𝑠𝑡𝑟 = 𝑇𝑖,𝑓𝑡,𝑠𝑡𝑟
𝑠𝑡 − 𝑎𝑓𝑡 (17) 

4.5.4 Waste costs 
The costs of waste are the purchasing costs of the products that have expired. The purchasing costs 

of a product are given. The number of expired products are estimated using the probability 

distribution of the shelf life and approximation for calculating waste as explained by Van Donselaar & 

Broekmeulen (2012). The total number of expired products is calculated by using the probability 

mass function of the shelf life. The probability that the shelf life is equal to 𝑚 days is calculated and 

multiplied with the costs of the products that would expire in case the shelf life is 𝑚 days. These are 

summed for all possible values of 𝑚, and eventually we sum for all items supplied by the supplier in 

order to obtain the total waste costs per supplier.  

 
𝔼[𝐶𝑤,𝑓𝑡

𝑤𝑎𝑠𝑡𝑒] = ∑ ∑ ℙ{𝑀𝑖,𝑓𝑡,𝑠𝑡𝑟 = 𝑚} ⋅ 𝔼[𝐷1,𝑖] ⋅ 𝑍𝑖,𝑚

∞

𝑚=0

 

𝑖∈𝐼(𝑤)

⋅ 𝑐𝑖
𝑝𝑢𝑟𝑐ℎ

 
(18) 

4.6 Handling costs 
This section describes how the costs of handling activities are calculated, which are relevant to the 

flow type selection problem. First the relevant handling activities including their cost drivers will be 

described. After that, the mathematical formulations representing these cost drivers will be 

explained. 

4.6.1 Relevant handling activities and corresponding cost drivers  
The handling activities performed at the supplier, distribution center, and in the store could be 

relevant for the flow type selection problem. For each part of the supply chain, the relevant handling 

activities including their cost drivers are discussed.  
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4.6.1.1 Supplier 

The process starts with the production of the products. After production, items need to be stacked 

on a loading unit. Regardless of the flow type, products are typically loaded onto pallets. After 

production, these pallets will be moved to another location. This could be the warehouse, 

dispatching zone, or somewhere else, but products cannot remain on the production floor. We 

assume that the number of production batches per time unit remains equal. Jan Linders is for most 

suppliers only a small buyer. It is not likely that suppliers are willing to change their production 

schedule when Jan Linders changes their flow types. Because the number of production batches do 

not change, the number of times these activities are performed will not change either. As a result, 

the costs of production and stacking products onto pallets stay the same, regardless of the chosen 

flow type. After that moment, handling costs will be different dependent on the flow type. Therefore 

we will describe them in more detail and model them. An overview of handling activities at the 

supplier is shown in Table 4.1.  

Order picking 

For each flow type, products have to be picked. These picking costs can differ among flow types. In 

case of XD, products have to be picked on store specific rolling cages. Academic literature has shown 

that the most important cost drivers for order picking are the number of order lines and order sizes 

(Van Zelst, et al., 2009) (Van de Ven, 2014) (Pingulkar & Khanzode, 2015). This is in contrast to how 

costs are charged by suppliers. In addition to the number of order lines and order sizes, the number 

of SKUs will be used as cost driver as well. More details about these cost drivers can be found in 

Section 4.6.1.2. 

For PTZ, an order picker walks with a pallet to a pick location and stacks all ordered products onto a 

pallet, after which the pallet is placed at the dispatching zone. Compared to cross-docking this 

picking process has the same total order size, but less order lines, because the order picker only has 

to stop once for a SKU. Nevertheless the time per order line will be larger in this case, because the 

picker has to drive to the dispatching zone each time an SKU is picked. That is because typically 

pickers can carry only one pallet at the same time. Remarkably, suppliers usually charge only a 

picking cost per case pack, and not a picking cost per order line for this picking process. Still, we will 

use both order lines and order sizes as cost driver for this picking process, because this gives a better 

approximation of the real picking costs.  

In case of a warehousing policy at the retailer DC, products are typically picked in pallet layers or 

even in full pallets. When products are picked in pallet layers, products still need to be manually 

stacked from one pallet to another, and hence we have the same picking process as with pick-to-

zero. In rare occasions, products are ordered in full pallets. This possibility will be ignored, because it 

only occurs for a fraction of the assortment. For other products supplying in full pallets would not be 

interesting as such big order quantities would result in a lot of waste.  

Whether a supplier handles an MTS or an MTO strategy could also influence the order pick costs at 

the supplier site. Until now we assumed an MTS strategy for calculating the picking costs. Picking 

costs are different in case of MTO, because it might be that orders are moved immediately from the 

production floor to the dispatching zone. However, this depends on many factors such as the layout 

of the production floor, and the design of the goods flow. We will assume that the picking costs in an 

MTO situation are equal to the picking costs in an MTS situation. This is not necessarily true, but only 
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a small fraction of Jan Linders’ suppliers produce according to an MTO strategy and it would be too 

time-consuming to investigate the picking costs of these suppliers.  

Loading the truck 

After the products have been placed at the dispatching zone, they can be loaded into the truck. 

Products are either placed on a rolling cage or on a pallet. The cost driver for unloading rolling cages 

will be the rolling cage, because these are loaded one for one. This in contrast to pallets which can be 

stacked on each other and are loaded per stack of pallets. For this reason, the number of pallet 

positions is the cost driver.  

Description Cost driver Costs 

Order picking on store specific rolling cages  #Order lines 𝑊1𝑎 
#Case packs 𝑊1𝑏 

#SKUs 𝑊1𝑐 
Order picking on pallets for PTZ or in pallet layers #Order lines 𝑊2𝑎 

#Case packs 𝑊2𝑏 
Loading rolling cage #Rolling cages 𝑊3 
Loading pallet #Pallet positions 𝑊4 

TABLE 4.1: HANDLING ACTIVITIES SUPPLIER 

4.6.1.2 Distribution Center 

In accordance with De Koster, et al. (2007), the main activities in a warehouse are receiving, put-

away, order picking, sortation, cross-docking, and shipping. Per activity the most relevant activities 

and its corresponding cost drivers regarding to the flow type selection problem are discussed. An 

overview of handling activities at the DC is shown in Table 4.4. 

Receiving  

Receiving consists of unloading products from the transport carrier, updating the inventory record, 

and inspecting the quality and quantity of the received products. The main activity here is unloading 

the truck. Unloading the truck is physically the same process as loading a truck. Therefore we will use 

the same cost drivers as used for loading the truck (see 4.6.1.1).  

Put-away  

When products on pallets have been received, they are put into the storage locations. The length of 

this activity depends mainly on the number of pallets received. The time required to put a pallet 

away is estimated at 120 seconds.  

Order picking 

In order to obtain the differences between picking in case packs and picking in consumer units, the 

order picking process has been studied in more detail. According to Van de Ven (2014), who has 

analyzed the order picking process at a competitor, order picking mainly consist of two activities that 

determine the order picking time: walking and grabbing. The first activity is the walking activity. This 

is the activity of walking with a rolling cage from one location to another. The second activity is 

grabbing items. This activity starts when the rolling cage is released, and ends when the picker has 

put the products on the rolling cage and is ready to start walking again. Van de Ven (2014) shows 

times for both walking and grabbing. Unfortunately, this model cannot be applied directly to Jan 

Linders. First of all, instead of walking, order pickers at Jan Linders drive through the DC with order 

pick trucks. These have higher moving speeds, but longer accelerating and stopping times as well. 



 

 31  
 
 

Furthermore, the order pick trucks are able to carry three carriers. Jan Linders uses these carriers for 

picking orders of multiple stores at the simultaneously. This reduces driving time per order, because 

the driving time is shared among three orders. Next to that, the number of order lines is reduced, 

because if two stores need products from the same location, the order picker stops once instead of 

twice. Another effect of walking is that an order picker tends to stop the rolling cage very close to the 

picking location, which results in short grabbing times per pick location. When driving with an order 

picking truck, the order picker drives in a straight line through the aisle such that other order pickers 

are not hindered when they want to pass each other.  

Instead of using walking and grabbing times found by Van de Ven (2014), the parameters are 

estimated based on the order picking process of Jan Linders. A map of the order pick routes can be 

found in Appendix G. A regression analysis is performed with the limited data available. Details about 

this analysis can be found in Appendix B. From all data, 11.5% is filtered out due to extraordinary 

long picking times. A summary of the results of the analysis is shown in Table 4.2. Remarkable is the 

extra time required when multiple carriers have to be loaded at one picking location. Although this 

additional time is lower than the time required to load only one carrier, it is still quite high.  

 Picking in Consumer units Picking in Case packs 

Walking speed 1.81 m/s 1.89 m/s 

Loading 1 carrier per OL 9.04 s 6.93 s 

Loading 2 carriers per OL 16.51 s 12.46 s 

Loading 3 carriers per OL 24.66 s 17.38 s 

Grabbing time per unit or case 
pack  

1.90 s 2.96 s 

TABLE 4.2: ORDER PICKING TIMES AT JAN LINDERS 

In order to compare the situation of Jan Linders with the situation of Van de Ven (2014), some 

transformations have to be performed. Jan Linders picks three orders at the same time, so the travel 

distance is shared among three orders. Hence, the walking speed of Jan Linders should be multiplied 

with three to compare it with the walking speed of Van de Ven (2014). Besides walking speeds, 

grabbing times per order line cannot be compared directly. The more rolling cages that require 

loading per order line, the less time it takes per rolling cage to load. Using the probabilities of loading 

one, two, or three carriers per order line, the weighted average of the time per carrier per order line 

is calculated. The results are shown in Table 4.3. Based on this data, Jan Linders is not really inferior 

to their competitor. As expected, grabbing times per order line at Jan Linders are twice as long, but 

Jan Linders performs better on walking speed and grabbing time per case pack. Note that these KPIs 

are purely based on the regression analysis, from which 11.5% of data is filtered out due to 

extremely long time mutations per order line. In this way, the used order picking times represent the 

situation of Jan Linders when it would have improved their order picking process. It is strongly 

advised to analyze and improve the order picking process in order to achieve these order picking 

times.  

 Van de Ven 
Consumer units 

Jan Linders  
Consumer units 

Van de Ven 
Case packs 

Jan Linders 
Case packs 

Walking speed 0.72 m/s 5.43 m/s 0.72 m/s 5.67 m/s 

Grabbing time per order line  3.9 s 8.8 s 3.3 s 6.7 s 

Grabbing time per unit or case pack 2.46 s/cu 1.9 s/cu 3.67 s/cp 2.96 s/cp 
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TABLE 4.3: COMPARISON ORDER PICKING KPIS JAN LINDERS AND VAN DE VEN (2014) 

To summarize, the cost drivers for order picking are the number of order lines, the number of case 

packs or consumer units, and distance traveled. However, distance depends on the length per pick 

location and the number of SKUs that are kept in stock. The width of a pick location is fixed and equal 

to 1.4 meters. Consequently, the underlying cost driver of distance travelled is the number of SKUs 

that are kept in stock.  

Cross-docking 

Cross-docking is quite a simple handling activity. After dollies or rolling cages have been unloaded, 

they can be moved to the right dock. This activity is estimated to take approximately 45 seconds per 

rolling cage.  

Sortation 

Sortation is the process of combining orders destined for the same store coming from different flow 

types and picking routes into one order for outbound transportation. The most relevant activity 

belonging to sortation is restacking. Restacking is the activity of combining products coming from 

two or more half-loaded rolling cages such that only one carrier remains. This activity is necessary in 

order to make sure all products fit within the trucks and that the loading degree is as high as 

possible. Likewise, carriers having a low loading degree are good candidates for restacking. The 

loading degree is a good indicator whether a carrier needs restacking or not. The lower the loading 

degree, the higher the probability of restacking. Carriers with a low loading degree are combined 

with other carriers having a higher loading degree. Products loaded on the carrier with the lower 

loading degree are put on the carrier with the higher loading degree. As carriers have a fixed 

capacity, the loading degree can be calculating using the physical volume of the products. An exact 

calculation of the time required to restack is not available. The process mainly consists of two parts: 

searching and actual restacking. First the DC clerk searches two or more carriers that can be 

combined into one carrier. After that the actual restacking process starts.  

Only for carriers being cross-docked the restacking process is relevant. Carriers being picked at the 

DC come from five different sections. Per section, maximal one carrier is loaded insufficiently and is a 

possible candidate for restacking. However, the number of sections in the DC is independent of the 

flow type selection problem and hence, the number of carriers that are insufficiently loaded at the 

DC remains equal.  

Loading carriers 

Before products can be shipped, they must be loaded into the truck. This activity is irrelevant, 

because we ignore volume effects.  

Description Cost driver Costs  

Unloading carrier  #Carriers 𝐷𝐶1 
Unloading stack of pallets #Pallet positions 𝐷𝐶2 
Storing pallet #Pallets 𝐷𝐶3 

Order picking in case packs #Case packs  𝐷𝐶4𝑎 
#Order lines 𝐷𝐶4𝑏 

#SKUs 𝐷𝐶4𝑐 

Order picking in consumer units #Consumer units 𝐷𝐶5𝑎 
#Order lines 𝐷𝐶5𝑏 
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#SKUs 𝐷𝐶5𝑐 

Cross-docking carriers #Carriers 𝐷𝐶6 
Restacking carriers #Restacked case packs 𝐷𝐶7 
TABLE 4.4: HANDLING ACTIVITIES DC 

4.6.1.3 Store 

Eventually carriers arrive at the stores. First they have to be unloaded from the truck. Thereafter they 

are moved from the backroom to the store. Further activities are identified by Van de Ven (2014): (1) 

stacking the shelf, (2) putting old products in front, (3) searching the right shelf, (4) marking down old 

products, and (5) disposing waste. Stacking the shelf is activity which depends on the number of 

consumer units that must be stacked. This is equal for all flow types as volume effects are ignored. 

Therefore, this activity will not be taken into account. Jan Linders does not mark down products 

which are about to expire, and therefore this activity is also not relevant to Jan Linders. A distinction 

is made between the shelf-stackers that work in the morning and those who work in the afternoon, 

because their hourly costs differ significantly.  

Putting old products in front 

In order to encourage a FIFO withdrawal strategy, older inventory is put in front of newer inventory. 

First the remaining shelf life of the products is checked. Then the older inventory is set aside, and as 

soon as the shelf stacking process has been executed, the older inventory is put back onto the shelf. 

The cost driver for this activity is the order line, because this activity is only performed if an order is 

placed.  

Searching the shelf 

Before a product is placed onto the shelf, the store clerk has to search for the shelf. The cost driver 

for searching the shelf is also the number of order lines, because a clerk will only search for the shelf 

if the products need to be restacked. 

Disposing expired products 

Finally expired products must be thrown away. Expired products are tracked easily using the so-

called code book. This is a terminal that indicates which products have expired. The expired products 

are scanned using the terminal and the remaining life time of the remaining products on the shelf is 

registered. After that, products are disposed. The cost driver used is the number of products that 

have expired.  

Description Cost driver Costs  

Morning: Putting old products in front #Order lines 𝑂1 

Morning: Searching the shelf #Order lines 𝑂2 

Afternoon: Putting old products in front #Order lines 𝑂3 
Afternoon: Searching the shelf #Order lines 𝑂4 

Disposing expired products #Expired consumer units 𝑂5 

TABLE 4.5: HANDLING ACTIVITIES STORE 

4.6.1.4 Activities per flow type 

Obviously not all activities are performed at each flow type. Table 4.6 indicates which activities have 

to be performed per flow type. Handling costs per flow type are calculated by multiplying the cost 

driver with the costs and accumulating this for each handling activity belonging to a flow type. The 

costs per cost driver can be found in Appendix I.  
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Site Activity 
WH

CP 

WH

CU 
PTZ XD 

Supplier  Order picking on store specific carriers    X 

Order picking on pallets for PTZ or in pallet layers X X X  

Loading carrier    X 

Loading stack of pallets X X X  

Retailer 

DC  

Unloading carrier    X 

Unloading stack of pallets X X X  

Cross-docking    X 

Storing pallet X X X  

Order picking in case packs X  X  

Order picking in consumer units  X   

Restacking carriers    X 

Store Putting old inventory in front X X X X 

Searching shelf X X X X 

Disposing expired products X X X X 

TABLE 4.6: HANDLING ACTIVITIES PER FLOW TYPE 

4.6.2 Mathematical formulation  
This section describes how the cost drivers, which are needed to calculate the handling costs, are 

obtained.  

Number of pallets  

The first cost driver is the number of pallets. For products supplied in full pallet layers, the number of 

pallets is not proportional to the supply. That is because not every pallet will contain the same 

amount of products. In order to determine the expected number of pallets, we use the order sizes. 

Unfortunately there is no probability distribution of the order sizes available and therefore we will 

approximate it with the expected order sizes. The expected number of pallets per order can be found 

by dividing the order size by the number of case packs per pallet and rounding this up. Rounding up a 

variable is equal to adding a half to a variable and rounding it. Finding the expectation of a rounded 

variable is difficult. We developed an approximation which is validated in section 4.9.1. Since at least 

one pallet is used per order, the minimum number of pallets is set to 1. Afterwards it is corrected 

with the expected number of order lines and review period to obtain the expected number of pallets 

per day:  

 
𝔼[𝑃𝑎𝑙𝑤,𝑤ℎ,𝑠𝑡𝑟] = ∑

𝔼[𝑂𝐿𝑖,𝑤ℎ,𝑠𝑡𝑟
𝐷𝐶 ]

𝑅𝑤
⋅ 𝔼 ⌈

𝑂𝑆𝑖,𝑤ℎ,𝑠𝑡𝑟
𝐷𝐶

𝑄𝑖
𝑃𝑎𝑙 ⌉

𝑖∈𝐼(𝑤)

 

= ∑
𝔼[𝑂𝐿𝑖,𝑤ℎ,𝑠𝑡𝑟

𝐷𝐶 ]

𝑅𝑤
⋅ 𝔼 〈

𝑂𝑆𝑖,𝑤ℎ,𝑠𝑡𝑟
𝐷𝐶

𝑄𝑖
𝑃𝑎𝑙 + 0.25〉 

i∈I(w)

 

= ∑
𝔼[𝑂𝐿𝑖,𝑤ℎ,𝑠𝑡𝑟

𝐷𝐶 ]

𝑅𝑤
⋅ max(

𝔼[𝑂𝑆𝑖,𝑤ℎ,𝑠𝑡𝑟
𝐷𝐶 ]

𝑄𝑖
𝑃𝑎𝑙 + 0.25, 1)

i∈I(w)

  

(19) 

For pick-to-zero, calculating the exact number of pallets goes similarly. In contrast to warehousing, 

the probability that an order is placed in a pick-to-zero situation is almost equal to 1. Even when the 
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expected number of order lines for a store would be only 0.1, the probability that no store places an 

order is (1 − 0.1)59 = 0.002, which is almost equal to 0. Hence, it is safe to assume that each day an 

order will be placed. As the number of pallets depends on the number of case packs per delivery, the 

number of pallets is calculated using the probability distribution of the supply. The probability 

distribution is determined as described by Adan, et al. (1995) . The expected number of pallets is 

estimated by multiplying the required number of pallets to ship 𝑑 elements with the probability that 

the total supply is equal to 𝑑 elements and summing these values from 𝑑 is zero to infinity.  

 
𝔼[𝑃𝑎𝑙𝑤,𝑃𝑇𝑍,𝑠𝑡𝑟] = ∑ ∑⌈

𝑑

𝑄𝑖
𝑃𝑎𝑙⌉

∞

𝑑=0𝑖∈𝐼(𝑤)

ℙ{𝑆𝑢𝑝1,𝑖,𝑃𝑇𝑍,𝑠𝑡𝑟
𝐷𝐶 = 𝑑} 

(20) 

Number of pallet positions  

The next cost driver is the number of pallet positions used. Here the expected physical volume of the 

order is required in order to determine how many pallet positions are needed. For WHCP and WHCU, 

we will assume that at each ordering moment, an order will be placed. The more products a supplier 

delivers, the larger this probability becomes. This assumption allows us to study the average supply 

instead of the number of order lines and order sizes. The total physical volume per review period 

consists of the volume of the products, and the volume of the pallets 

 

𝔼[𝑉𝑤,𝑤ℎ,𝑠𝑡𝑟] = ( ∑ 𝔼[𝑆𝑢𝑝𝑅𝑤,𝑖,𝑤ℎ,𝑠𝑡𝑟
𝐷𝐶 ]𝑣𝑖 +

𝑖∈𝐼(𝑤)

𝑅𝑤 ⋅ 𝔼[𝑃𝑎𝑙𝑤,𝑤ℎ,𝑠𝑡𝑟]𝑣
𝑃𝑎𝑙)   

Then the expected number of pallet positions per day is calculated by dividing the physical volume 

per order by the volume available per pallet position. This number must be rounded up. In order to 

get the expected number of pallet positions per day, we divide by the review period and get 

 
𝔼[𝑃𝑃𝑤,𝑤ℎ,𝑠𝑡𝑟] =

1

𝑅𝑤
⋅ 𝔼 ⌈

𝑉𝑤,𝑤ℎ,𝑠𝑡𝑟
𝑉𝑃𝑃 ⋅ 𝐼𝐶𝑃𝑃

⌉ 

=
1

𝑅𝑤
⋅ 𝔼 〈

𝑉𝑤,𝑤ℎ,𝑠𝑡𝑟
𝑉𝑃𝑃 ⋅ 𝐼𝐶𝑃𝑃

+ 0.5〉 

=
1

𝑅𝑤
⋅ max(

𝔼[𝑉𝑤,𝑤ℎ,𝑠𝑡𝑟]

𝑉𝑃𝑃 ⋅ 𝐼𝐶𝑃𝑃
+ 0.5, 1)  

(21) 

In case of PTZ, products are ordered in single case packs instead of pallet layers. The expected 

number of pallet layers must be calculated, taking into account that a pallet layer could contain less 

case packs than the capacity of the layer. Calculating the total number of pallet layers is done by 

multiplying the required number of pallet layers to ship 𝑑 case packs with the probability that the 

supply is equal to 𝑑 case packs and summing these values from 𝑑 is zero to infinity. The total volume 

per supplier per day is  

 
𝔼[𝑉𝑤,𝑃𝑇𝑍,𝑠𝑡𝑟] = ∑ ∑𝑄𝑖

𝐿𝑎𝑦
⌈
𝑑

𝑄𝑖
𝐿𝑎𝑦⌉ℙ{𝑆𝑢𝑝1,𝑖,𝑃𝑇𝑍,𝑠𝑡𝑟

𝐷𝐶 = 𝑑}𝑣𝑖

∞

𝑑=0𝑖∈𝐼(𝑤)

+ 𝔼[𝑃𝑎𝑙𝑤,𝑃𝑇𝑍,𝑠𝑡𝑟𝑣𝑃𝑎𝑙] (22) 
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Again the total number of pallet positions can be calculated by dividing the total volume by the 

available volume per pallet position. This number should be at least one, because it is not possible to 

ship a half pallet position.  

 
𝔼[𝑃𝑃𝑤,𝑃𝑇𝑍,𝑠𝑡𝑟] = max(

𝔼[𝑉𝑤,𝑃𝑇𝑍,𝑠𝑡𝑟]

𝑉𝑃𝑃 ⋅ 𝐼𝐶𝑃𝑃
+ 0.5, 1) (23) 

Number of carriers  

In case of cross-docking, products are shipped using carriers. We will assume that each store will 

place an order at each ordering moment. In reality this is not necessarily true, especially when a 

supplier only has a few products. However, in that case transportation costs would become very high 

which would make cross-docking not interesting at all. Estimating the total number of carriers 

depends on the total physical volume per store per ordering moment. The total physical volume per 

store is calculated by taking the expected supply per day in case packs and multiplying it with the 

physical volume per case pack:  

 
𝔼[𝑉𝑤,𝑋𝐷,𝑠𝑡𝑟] = ∑

𝔼[𝑆𝑢𝑝𝑡,𝑖,𝑋𝐷,𝑠𝑡𝑟
𝑂 ]𝑣𝑖

𝑄𝑖
𝐶𝑃

𝑖∈𝐼(𝑤)

 
(24) 

And hence the required number of carriers per supplier can be obtained using formula (25), where 

the total volume per store is divided by the capacity of a carrier taking into account that the capacity 

of a carrier cannot be used 100% efficiently:  

 
𝔼[𝐶𝑎𝑟𝑤,𝑋𝐷,𝑠𝑡𝑟] = 𝑆𝑡

𝑡𝑜𝑡 ⋅ max(
𝔼[𝑉𝑤,𝑋𝐷,𝑠𝑡𝑟]

𝐶𝑎𝑝𝑐𝑚 ⋅ 𝐼𝐶
𝑐𝑎𝑟

+ 0.5, 1) (25) 

Restacked case packs 

We assume that suppliers try to load carriers as full as possible and hence, only one carrier per 

supplier per store could be a candidate for restacking. The others are loaded sufficiently. Therefore 

we calculate the expected number of carriers by dividing the expected total physical volume of an 

order by the capacity of a carrier. Now by taking the expected number of carriers and subtracting the 

floored value of the expected number of carriers, we obtain an estimation of the loading degree of 

the candidate carrier.  

 
𝔼[𝐿𝐷𝑤,𝑠𝑡𝑟] =

𝔼[𝑉𝑤,𝑋𝐷,𝑠𝑡𝑟]

𝐶𝑎𝑝𝑐𝑚 ⋅ 𝐼𝐶
𝑐𝑎𝑟

 (26) 

The probability that a carrier needs to be restacked is estimated with (1 − 𝐿𝐷𝑤). If restacking takes 

place, the number of case packs that need to be restacked is equal to the total supply. Therefore we 

have  

 𝔼[𝑅𝑒𝑠𝑡𝑎𝑐𝑘𝑤,𝑠𝑡𝑟] = (1 − 𝐿𝐷𝑤,𝑠𝑡𝑟) ⋅ 𝔼[𝑆𝑢𝑝𝑡,𝑖,𝑋𝐷,𝑠𝑡𝑟
𝐷𝐶 ] (27) 
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Expired products 

Calculating the number of products that have expired is similar to calculating the costs of expired 

products as calculated in (18), except that costs do not have to be taken into account:  

 
𝔼[𝑍𝑤,𝑓𝑡

𝑡𝑜𝑡 ] = ∑ ∑ ℙ{𝑀𝑖,𝑓𝑡,𝑠𝑡𝑟 = 𝑚} ⋅ 𝔼[𝐷1,𝑖] ⋅ 𝑍𝑖,𝑚

∞

𝑚=0

 

𝑖∈𝐼(𝑤)

 
(28) 

4.7 Transportation costs 
This section describes how the transportation costs are modelled. Transportation costs consist of 

inbound transportation costs and outbound transportation costs. Inbound transportation costs are 

the costs related to the delivery from supplier to the DC, and outbound transportation costs are the 

costs related to the delivery from DC to the stores.  

4.7.1 Inbound transportation 
The costs of inbound transportation form an important cost component for the flow type selection 

problem. These costs are approximated using the model of Van der Vlist (2007). This model assumes 

that full truckloads are shipped directly, and less than truckloads are shipped in a multi-stop route. 

Because the logistic service provider combines LTLs into one route, retailers do not have to pay the 

price of a full truck load. The model assumes that a fixed price per kilometer is paid, for a full 

truckload. Then full truckloads can easily be calculated by multiplying the distance between a 

supplier and the DC with the costs per kilometer. For less than truckloads, a transport inefficiency 

factor 𝑘 is added to the model (Figure 4.2). The higher 𝑘 is, the higher the costs are for LTLs. For this 

report, 𝑘 is set to 0.435. The formula for calculating transportation costs is as follows: 

 𝑐𝑤,𝑓𝑡,𝑠𝑡𝑟
𝐼𝑇 = 𝑑𝑖𝑠𝑡𝑤 ⋅ 𝑐

𝑘𝑚 (𝑇𝑟𝑢𝑐𝑘𝑠𝑤,𝑓𝑡,𝑠𝑡𝑟
𝐹𝑇𝐿 + (𝑇𝑟𝑢𝑐𝑘𝑠𝑤,𝑓𝑡,𝑠𝑡𝑟

𝐿𝑇𝐿 )
1−𝑘

 ) (29) 

 

 
FIGURE 4.2: INFLUENCE OF THE TRANSPORT INEFFICIENCY FACTOR (VAN DER VLIST, 2007) 
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Dependent on the chosen flow type, products could either be delivered onto pallets or onto rolling 

cages. Delivering on pallets is the most common, and is applicable to WHCP, WHCU, and PTZ. In case 

of XD, products are delivered onto carriers. Delivering pallets is more cost-beneficial than delivering 

carriers. That is because pallets can be stacked higher, and can be stacked on each other, which 

results in a better loading degree of the truck. Therefore, delivering products on pallets leaves more 

space in the truck for other deliveries. In case of delivering using rolling cages, at least one rolling 

cage for each store is required. The capacity of a truck is 54 rolling cages, and because Jan Linders 

currently has 59 stores, not all rolling cages fit into one truck. This problem is solved by using a LHV 

with a capacity of 84 rolling cages (for more details, see section 3.2.3). The costs of using a LHV are 

expected to be 14.6% higher than using a normal truck (Appendix G). In order to calculate whether a 

normal truck or a LHV is needed, the total expected number of carriers must be calculated. Using the 

expected number of order lines, we calculate per supplier the probability that a store does place an 

order. The more products a supplier provides, the higher the probability that an order is placed: 

 𝛾 = ℙ{Store places order at supplier 𝑤 with strategy 𝑠𝑡𝑟} = 1 − ∏ (1 − 𝑂𝐿𝑖,𝑋𝐷,𝑠𝑡𝑟
𝑜 )𝑖∈𝐼(𝑤)  

Then by assuming that a store orders no more than one rolling cage, the probability of shipping 𝑥 

rolling cages is calculated as follows: 

ℙ{𝑥 carriers per shipment} = (
59

𝑥
) ⋅ 𝛾𝑥 ⋅ (1 − 𝛾)59−𝑥 

The expected number of full truckloads consists of two parts. First we calculate the probability of a 

normal full truckload by calculating the probability of shipping exactly 54 carriers. After that, we 

calculate the shipping costs in case a LHV would be used. In fact, these are LTL shipments because 

the upper boundary of 84 rolling cages will not be reached. However, despite of the 15% higher costs 

of a LHV, LTL shipments would still result in lower shipment costs than the costs of a normal FTL. LHV 

shipments are rarely combined, which makes it unlikely that these costs are lower than the costs of a 

normal FTL. Therefore we modelled the transportation of a LHV as a FTL shipment, regardless of the 

loading degree.  

 
𝑇𝑟𝑢𝑐𝑘𝑠𝑤,𝑋𝐷

𝐹𝑇𝐿 = ℙ{54 carriers per shipment} + 1.146 ∑ ℙ{𝑥 carriers per shipment}

59

𝑥=55

  

The number of LTLs  is calculated by accumulating the probabilities of having 0 to 53 rolling cages: 

𝑇𝑟𝑢𝑐𝑘𝑠𝑤,𝑋𝐷
𝐿𝑇𝐿 =∑ℙ{𝑥 carriers per shipment} ⋅

𝑥

54

53

𝑥=0

 

For the flow types where products are delivered to the DC onto pallets, the loading degree of the LTL 

and the number of FTLs is calculated based on the number of pallet positions By taking the number 

of pallet positions per day and multiplying it with the review period, the expected number of pallet 

positions per day is obtained. If this number is higher than the capacity of a truck, multiple trucks are 

required. The number of FTLs is calculated by taking the number of pallet positions per delivery, 

dividing it by the capacity of the truck, and rounding it down. The loading degree of the LTL is 

calculated by dividing the total number of pallet positions per delivery, dividing it by the capacity of a 

truck, and subtracting the number of FTL trucks:  
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𝑇𝑟𝑢𝑐𝑘𝑠𝑤,𝑓𝑡,𝑠𝑡𝑟

𝐹𝑇𝐿 = ⌊
𝔼[𝑃𝑃𝑤,𝑓𝑡,𝑠𝑡𝑟] ⋅ 𝑅𝑤

𝑄𝑃𝑃𝑇
⌋   ∀𝑓𝑡 ∈ 𝐹𝑇\{𝑋𝐷} 

𝑇𝑟𝑢𝑐𝑘𝑠𝑤,𝑓𝑡,𝑠𝑡𝑟
𝐿𝑇𝐿 =

𝔼[𝑃𝑃𝑤,𝑓𝑡,𝑠𝑡𝑟] ⋅ 𝑅𝑤

𝑄𝑃𝑃𝑇
− 𝑇𝑟𝑢𝑐𝑘𝑠𝑤,𝑓𝑡,𝑠𝑡𝑟

𝐹𝑇𝐿   ∀𝑓𝑡 ∈ 𝐹𝑇\{𝑋𝐷} 
 

Currently, according to one of the logistic service providers of Jan Linders, costs of a single trip from a 

random location in The Netherlands to Jan Linders are estimated at €400. In order to obtain the 

costs per kilometer, the expected distance from a random supplier to Jan Linders must be calculated. 

The expected distance is calculated by taking the average driving distance between the supplier and 

the DC of Jan Linders for all suppliers that are included into the scope. It follows that the average 

distance is 120.0 km. As a result, the transportation costs per kilometer are €3.33.  

Van den Heijkant (2006) indicated that the average costs of a shipment between the retailer and a 

random location within The Netherlands is estimated at €280. In contrast to Jan Linders, the retailer 

under research by Van den Heijkant (2006) is located centrally in The Netherlands. Being located 

more centrally implies shorter driving distances on average. Unfortunately, the average distance to 

the suppliers is not provided in the report. Therefore, we estimate it using the approximations of 

Eilon, et al. (1971). Assuming that The Netherlands can be approximated by a square with an area of 

41.500 km2, and that the retailer is located centrally in the square, the expected distance to a 

random location in the square is 0.383 ⋅ √41500 = 78.02 km. This distance must be corrected by a 

detour factor in order to get the distance when travelling on roads instead of travelling on a straight 

line. The average detour factor in Europe is equal to 1.3 (Roos, et al., 1997), which results in a 

distance of 1.3 ⋅ 78.02 = 101.43 km. Hence, transportation costs per km are €2.76. In comparison 

to the costs indicated by the logistic service provider of Jan Linders, this is 17% lower. We conclude 

that the costs Jan Linders pays to their logistic service provider for inbound transportation is high.  

4.7.2 Outbound transportation 
The costs of outbound transportation have less impact on the flow type selection problem than 

inbound transportation costs. This has several reasons. Firstly, all products are regardless of their 

flow type delivered onto carriers and not onto pallets. As a result, no big differences in loading 

degrees of the truck are present. Secondly, carriers are restacked before they are shipped to the 

stores such that the loading degree of the carriers and hence of the truck is as high as possible. 

Thirdly, the review period of the stores is one day for each flow type. The only influence on outbound 

transportation costs is due to the effect of waste. Each flow type results in different waste 

percentages and thus different amounts of products that have to be shipped. These volume effects 

will be ignored as these are expected to be very small.  

4.8 Combined case pack and consumer unit picking 
Until now we have assumed that only one flow type per supplier may be used. However, the flow 

types WHCP and WHCU may be applied both to only one supplier. These flow types do have the 

same order and delivery schedule for deliveries to the DC and the delivery is for both suppliers on 

pallets. As a result, these could be combined easily. The combination of this flow type will be called 

WHMixed.  

The most exact way to calculate the costs of this flow type is to determine the costs for each 

combination of products and flow type and selecting the best combination. However, the number of 
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combinations depends on the number of products per supplier and is equal to 2#𝑆𝐾𝑈𝑠. For a supplier 

with 20 SKUs, 1048576 combinations should be checked. Unfortunately this would be too time-

consuming. Therefore we will approximate the best combination differently. For each product, the 

costs per flow type are calculated by calculating the costs of the most important cost drivers. These 

are the costs of waste, and handling costs in the DC related to the number of order lines and order 

sizes.  

 
𝑐𝑖,𝑠𝑡𝑟
𝐶𝑃 = ∑ ℙ{𝑀𝑖,𝑊𝐻𝐶𝑃,𝑠𝑡𝑟 = 𝑚}

∞

𝑚=0

𝑧𝑖,𝑚 ⋅ 𝔼[𝐷1,𝑖](𝑐𝑖
𝑝𝑢𝑟𝑐ℎ

+ 𝑂8)

+ 𝑆𝑡𝑖 (𝔼[𝑂𝑆𝑖,𝑊𝐻𝐶𝑃
𝑂 ](𝐷𝐶4𝑎 + 𝑄𝑖

𝑐𝑝
𝑂5) + 𝔼[𝑂𝐿𝑖,𝑊𝐻𝐶𝑃

𝑂 ](𝐷𝐶4𝑏 +𝑂6 + 𝑂7)) 

 
𝑐𝑖,𝑠𝑡𝑟
𝐶𝑈 = ∑ ℙ{𝑀𝑖,𝑊𝐻𝐶𝑈,𝑠𝑡𝑟 = 𝑚}

∞

𝑚=0

𝑧𝑖,𝑚 ⋅ 𝔼[𝐷1,𝑖](𝑐𝑖
𝑝𝑢𝑟𝑐ℎ

+ 𝑂8)

+ 𝑆𝑡𝑖 (𝔼[𝑂𝑆𝑖,𝑊𝐻𝐶𝑈
𝑂 ](𝐷𝐶5𝑎 + 𝑄𝑖

𝑐𝑝
𝑂2) + 𝔼[𝑂𝐿𝑖,𝑊𝐻𝐶𝑃

𝑂 ](𝐷𝐶5𝑏 + 𝑂3 + 𝑂4)) 

Then product 𝑖 is allocated to flow type WHCP if 𝑐𝑖,𝑠𝑡𝑟
𝐶𝑃 ≤ 𝑐𝑖,𝑠𝑡𝑟

𝐶𝑈  and to WHCU otherwise. 

4.9 Validation 
In this section a couple of approximations which are important to the model are validated.  

4.9.1 Expected number of pallets 
The expected number of pallets approximated (equation (19)) is an important input to the model. It 

is used directly to calculate handling costs of putting pallets away and indirectly to calculate the 

number of pallet positions which are needed to calculate the costs of (un)loading the truck. The 

difficulty of this calculation lies in finding the expectation of a variable that is rounded up. Initially we 

approximated this by adding 0.5 and ignore the fact that it should be rounded up. Besides that, we 

include the fact that per order, at least one pallet is ordered.  

The validation is performed using historical ordering data. Historical order sizes of 16 weeks for 

products that are included into the scope are used, where large orders due to promotions are 

filtered out. From each product it is known how many products can be stacked on a pallet and hence, 

the required number of pallets per order can be calculated easily. We calculated per article the 

average order size and the average number of pallets per order. The average order size is used to 

calculate the expected number of pallets using the approximation, and this number is compared to 

the average number of pallets that has been derived from the data. This approximation turns out to 

have an 𝑅2 = 0.906, which is quite good. However, from the plot of the real values against the 

approximation (Figure C.1) it followed that the approximation estimated too high. Therefore, we 

changed the factor that was used to approximate the rounding up process from 0.5 to 0.25. This 

approximation yields to a better  𝑅2 of 0.957.  

When observing the data, we see that most products are ordered in pallet layers. For most products 

only a few layers are ordered which results in using only one pallet. This is estimated correctly by the 

approximation. The fast moving products for which typically more than one pallet is required, are 
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usually ordered in full pallets. As these are ordered in full pallets, rounding up is not necessary. This 

explains why adding 0.25 instead of 0.5 is more accurate in general.    

4.9.2 Standard deviation of the demand  
Approximations for waste and reorder levels require next to the average demand, also the standard 

deviation of the demand as input. The standard deviation could be measured by the retailer, but the 

model would be more user friendly if the standard deviation could be approximated. Van Donselaar 

and Broekmeulen (2016) found a relation in a way that is suggested by Silver et al. (1998, p. 126) 

between the average and the standard deviation of the daily demand.  They used data of three large 

European grocery retailers in order to do so. They found the following relationship:  

 √Var1,𝑖 = 1.18 ⋅ 𝔼[𝐷1,𝑖] 
0.77   

We investigated the relationship between the average weekly demand and the standard deviation of 

the weekly demand at Jan Linders.  Linear regression is applied to the weekly sales data of all stores 

of products that have been in the assortment for at least 10 weeks after excluding promotions. From 

analysis, a significant relationship between the average weekly sales and the standard deviation has 

been found. This relationship is transformed into the following simple relationship (𝑅2 = 0.9112) 

between daily demand per store and the standard deviation of this daily demand: 

 √Var1,𝑖 = 1.548 ⋅ 𝔼[𝐷1,𝑖] 
0.826  (30) 

It follows that the standard deviation of the sales at Jan Linders is high compared to the standard 

deviation of the sales found at other European grocery retailers. This could explain the high amounts 

of waste in Figure 3.3. More details of the linear regression can be found in Appendix D.  
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5 Model solving 
In this chapter, the described model is applied to a couple of suppliers. The chapter starts by 

describing the fictitious suppliers that are used to run the model on. After that, the results are 

presented together with some intermediate conclusions. Then a sensitivity analysis is performed to 

test the impact of the assumption regarding to the production moment, and to show the impact of 

the standard deviation on the flow type selection problem.  

5.1 Input  
The model is solved for a couple of fictitious suppliers, who represent the real suppliers of Jan 

Linders. These suppliers differ on demand, GLT, and case pack size. The conceptual model indicated 

that both the demand and the life time have great influence on the flow type selection problem. 

Next to that, the case pack size will differ as it is expected that this has influence on the decision 

whether a case pack should be broken up or not. Other product and supplier characteristics are set 

such that they approach reality as much as possible. Suppliers whose products have a low GLT are 

produced on order, while the others are produced on stock. The delivery frequency of the products 

with a low GLT is higher than those of the products with a higher GLT. Both the GLTs and the 

demands of products of the same supplier differ slightly. The GLTs are randomly picked from a 

discrete uniform distribution between average GLT minus two and average GLT plus two. The 

demands are randomly picked from a uniform distribution between zero and two times the average 

demand. More product and supplier characteristics can be found in Appendix F.  

Name Nr of  

SKUs 

Production 

strategy 

Distance  

(km) 

Delivery  

Frequency  

(#/week) 

Average  

GLT (days) 

Case  

pack size 

(cu/cp) 

Average demand 

per store (cu/day) 

Supplier A 20 MTO 120 6 7.5 2 0.5 

Supplier B 20 MTO 120 6 7.5 2 2 

Supplier C 20 MTO 120 6 7.5 6 0.5 

Supplier D 20 MTO 120 6 7.5 6 2 

Supplier E 20 MTS 120 3 13 2 0.5 

Supplier F 20 MTS 120 3 13 2 2 

Supplier G 20 MTS 120 3 13 6 0.5 

Supplier H 20 MTS 120 3 13 6 2 

Supplier I 20 MTS 120 2 20 2 0.5 

Supplier J 20 MTS 120 2 20 2 2 

Supplier K 20 MTS 120 2 20 6 0.5 

Supplier L 20 MTS 120 2 20 6 2 

TABLE 5.1: SELECTION OF SUPPLIERS INCLUDING CHARACTERISTICS 

5.2 Results  
The results of applying the model to the selected suppliers can be found in Figure 5.1. More detailed 

results are shown in Appendix G. Based on these results, the following intermediate conclusions are 

drawn:  



 

 43  
 
 

 Waste is the most important cost component of the flow type selection problem for 

perishable items. The results show a clear relation between the GLT and the amount of 

waste. The waste of products with a low GLT is significantly higher than the waste of 

products having a higher GLT. For products with a small GLT, the waste costs dominate the 

total operational costs. For these products, the flow type resulting in the lowest waste 

percentage should be chosen. The best flow types for these products are XD Dolly and 

WHCU. XD keeps waste low by guaranteeing a maximum shelf life. WHCU also aims on 

reducing waste by breaking up the case packs.   

 The second most influential cost component is inbound transportation. Costs of inbound 

transportation depend mainly on the delivery frequency. As XD and PTZ require daily 

deliveries, these flow types result in the highest transportation costs. Especially for XD, the 

transportation costs are high due to the fact that carriers result in a worse loading degree of 

the truck compared to pallets. Therefore XD should only be used if the savings in waste 

outweighs the costs of inbound transportation. As mentioned before, this is only the case for 

products with a low GLT. Next to that, it is advised to use dollies as much as possible. This 

reduces the inbound transportation costs, while other costs remain equal.  

 The third important cost component is the cost related to picking in case packs or picking in 

consumer units. The impact of these costs is smaller than the impact of waste. These costs 

become significant as the effects of waste fades away, i.e., as the GLT increases. WHCU has 

more order lines and as products are picked per consumer unit instead of case packs, the 

costs for order lines, case packs and consumer units are higher than those for WHCP. For 

example, we see that WHCP is optimal for Supplier J and WHCU for Supplier F. The only 

difference between these suppliers is that the life time of products coming from Supplier J is 

seven days longer than the life time of products coming from Supplier F. Due to this 

increased life time, the differences in waste between WHCP and WHCU have decreased. 

Then for Supplier J costs can be saved by picking in case packs instead of consumer units.  

 PTZ is not an interesting flow type. For the twelve researched suppliers, this flow type is 

never the optimal one. WHCU is for all suppliers more beneficial than PTZ. This could have 

multiple reasons. First of all, breaking up case packs has a major effect on waste reduction. 

Next to that, the lead time to the store of PTZ is two days which increases waste as well. We 

see that while PTZ focuses on waste reduction, the amount of waste is never lower than that 

of WHCU.  
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FIGURE 5.1: COSTS PER COST DRIVER FOR THE SUPPLIERS UNDER RESEARCH  

   Legend: 
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5.3 Sensitivity analysis 
Life time at arrival DC independent of flow types 

Until now we assumed that the guaranteed life times are independent of the chosen flow types. In 

other words, XD products arriving before midnight have the same remaining life time in days as PTZ 

products arriving early in the morning. In both flow types, products arrive at the store one day after it 

has arrived at the DC, and hence, products have the same shelf life. In reality, XD products arriving 

before midnight could have the same expiration data as PTZ products arriving early the next 

morning. This implies that for flow types where products arrive early in the morning, one extra day of 

shelf life is lost, because they arrive one day later at the store. We researched this by subtracting one 

extra day of shelf life for the flow types PTZ and WH. As this change will make XD more interesting, 

this analysis is only performed for Supplier B and Supplier F. For Supplier B XD is already the optimal 

flow type, but the differences with WHCU are small. Supplier F is chosen because it has similar 

characteristics with Supplier B, only the GLT is longer. The results of the analysis are shown in Figure 

5.2. From the results it follows that XD becomes even more interesting for Supplier B. As the waste 

percentages increase for the other flow types, XD is definitely the best option to choose from.  For 

Supplier F, the effect is less influential. This is due to the fact that the loss in shelf life is relatively 

smaller. Products of Supplier F have an average GLT of 13 days and losing 1 day is less detrimental 

than losing 1 day on 7.5 days GLT which Supplier B does.  

  
FIGURE 5.2: SENSITIVITY ANALYSIS 1: COSTS PER COST DRIVER 

Standard deviation 

As explained in Section 4.9.2, the standard deviation is related to the average demand. In this 

analysis we show what the impact is of the standard deviation on the flow type selection problem. 

Figure 5.3 shows results if the standard deviation would be 75% (left) or 125% (right) of the current 

standard deviation. This analysis is only performed to supplier H, because the cost distributions of 

this supplier look quite average. Figure 5.3 shows that the impact of the standard deviation is 

enormous. The lower standard deviation results in a major reduction of waste. The WHCU flow type 

results even in a waste percentage of only 0.22%. On the other hand, a higher standard deviation 

increases waste dramatically. We can conclude that the standard deviation has large effects on the 

flow type selection problem and that it is essential to keep the standard deviation as low as possible 

in order to decrease waste.   
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FIGURE 5.3: SENSITIVITY ANALYSIS 2: DIFFERENT STANDARD DEVIATIONS 
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6 Conclusion & Recommendations 
This chapter concludes the master thesis. It gives a brief summary of this thesis and answers to the 

research question. Hereafter, a couple of recommendations are summed up for the management of 

the Jan Linders. Furthermore, the contribution of this research to the scientific literature is explained. 

Also the limitations of this research are listed, and eventually suggestions for further research are 

provided.  

6.1 Conclusion   
This project is executed at Jan Linders to support them on a strategic level. It helps them making 

decisions concerning the design of the distribution flow types and allocation of products to these 

flow types. The research question is as follows: 

What are the optimal flow types for fresh products in a retail supply chain, such that overall costs 

are minimized, while performance measures must meet a predefined level? 

The research started by analyzing the current used flow types of Jan Linders. Jan Linders currently 

uses XD, TR, WHCP, and WHCU. For each flow type, the main advantages and disadvantages were 

discussed and whether they should be used for the supply of fresh products. We argued that TR 

should not be used for the supply of fresh products. Especially for fresh products a responsive supply 

chain is of high importance, because this reduces waste. TR has a lead time of two days and a review 

period varying between one and four days. Therefore TR is considered as far from responsive. As a 

substitute we have introduced PTZ which has similar characteristics, but with a review period of only 

one day. These four flow types were modelled quantitatively in order to estimate the expected costs 

per supplier. This model takes costs of waste, inbound transportation, and handling into account. 

Besides that, we aim for a fill rate of 80% in the DC, and 95% in the stores.  

Based on the results of the model, we can draw some conclusions. First of all, XD is only efficient for 

suppliers of perishable products who produce on a daily basis. Inbound transportation costs are high, 

and shipping products daily from supplier to the DC on store specific loading units results in 

extremely high transportation costs. If products are not produced daily, then shipping them daily 

cannot result in daily fresh products. As transportation costs are high, products coming from one 

production batch could better be supplied together in order to minimize the transportation costs. 

Because cross-docking occurs daily, this is only efficient if there are daily productions. Besides daily 

shipments, XD keeps waste low by ensuring a maximum shelf life. Products spend no longer than 

twelve hours in the DC before they are shipped to the stores. Especially if the expiration dates of 

products are independent of the flow type, i.e., PTZ, WH, and XD products have the same expiration 

date while they arrive on different days at the DC, then XD saves on waste because products have 

one extra day of shelf life compared to the other flow types.  

Next to that, PTZ never seems to be an efficient flow type. In comparison to XD, the transportation 

costs of PTZ are very low, but unfortunately waste costs are quite high. Moreover, compared to the 

warehousing flow types, waste of PTZ is not much lower, while transportation costs are much higher. 

Even more, for the currently researched suppliers, the amount of waste for WHCU is always lower 

than for PTZ. The obstacle of PTZ seems to be lead time to the store of two days. Due to store 

specific handling activities both at the supplier and retailer DC, products cannot be delivered within 

one day at the store. For products whose life time is very short, this loss in responsivity is 

detrimental.  
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It follows that products which are not produced daily should be kept in stock. The retailer has to 

decide upon the inventory policy and the amount of safety stock to hold. We advise to consider a 

policy that allows for breaking up case packs at the retailer DC. We have shown that a lot of costs can 

be saved by supplying stores in single consumer units instead of full case packs. Especially for 

products with a case pack size larger than the demand during the life time, breaking up case packs 

brings a lot of benefits. It is most beneficial to decide for each individual product whether to break up 

case packs or not. This research provides a model to make this choice. Besides that, we assumed a fill 

rate of 80% in the retailer DC. This minimizes inventory in the DC and hence results in a longer shelf 

life. However, it should be taken into account that the probability of an out of stock situation is larger 

when calculating reorder levels in the store.  

The most important cost component for the flow type selection problem is waste. We found that the 

standard deviation is quite high, which results in high levels of waste. Therefore, a flow type such as 

WHCU is interesting as it reduces waste effectively by breaking up case packs. Also XD is interesting 

as maximizes the shelf life.  

6.2 Recommendations to Jan Linders 
This section lists a couple of recommendations for Jan Linders, based on the research that has been 

executed.  

 Drop the TR flow type. The responsiveness of this flow type is insufficient for facilitating fresh 

products. Products that are not produced daily could best be kept in stock in the retailer DC. 

For products that are produced daily and have a very short life time, consider the XD flow 

type.  

 Do not implement PTZ as it is described in this research. The lead time of two days results in 

a low responsiveness and therefore also higher amounts of waste. Investigate what the 

possibilities are in decreasing the lead time to the store. If this cannot be shortened to one 

day, this flow type could best be dropped.  

 Investigate the possibilities to decrease case pack sizes for XD suppliers. Analysis has shown 

that breaking up case packs results in less waste. Therefore if the supplier handles a smaller 

case pack size, waste could be reduced. Especially the combination of a small case pack size 

and XD is the best option for products with a low demand and a short GLT.  

 Consider the usage of dollies instead of rolling cages for XD suppliers. Currently, XD results in 

very high transportation costs, because a lot of air is transported. Dollies are smaller and can 

be stacked higher than the traditional rolling cage. Using this loading unit will result in more 

space available in the truck and hence more possibilities to combine shipments, which results 

in lower transportation costs.  

 Maintain a fill rate in the DC of 80% in order to keep the remaining shelf life as long as 

possible. Note that the reorder level in the store should take this into account, as the 

probability of an out of stock increases. Therefore a bit of extra safety stock is required.  

 Do further research to the order picking process in the DC. For the analysis on the order 

picking times, 11.5% of the data was filtered out, due to extremely long picking times. 

Possible reasons for these long picking times are temporary stock outs of picking locations, 

problems with the voice picking system, and of course data inaccuracy. Investigate what 

other reasons results in these long picking times and how to resolve it.  
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 Communicate more with the supplier about production moments. The shelf life is an 

important predictor for the waste of a product. If production moments are known 

beforehand, products could be ordered before this moment and supplied after this moment, 

which results in a maximum life time at arrival DC. This is similar to an MTO situation, where 

stock is located at the retailer DC.  

 Make use of the conceptual framework and the tool to decide upon which flow type to use. 

The conceptual framework provides general guidelines based on supplier and product 

characteristics. The tool gives more detailed insights. All relevant supplier and product 

characteristics can be entered. The tool will give an estimation of the relevant operating 

costs per day.  

6.3 Contribution to scientific literature 
The flow type selection problem has already been studied in multiple scientific articles and master 

theses. Most literature investigated the flow type selection problem for products which do not expire 

or they ignored the fact products do expire (Van der Vlist, 2007), (Van den Heijkant, 2006), 

(Bovend'eerdt, 2010). Only Gerbecks (2012) included the waste cost component. However, he 

researched an automated pick-up point instead of a supermarket, which does have a different supply 

chain. Zwaan (2015) also investigated a supermarket, but assumed that waste is not relevant to the 

problem, because products spend the same time in the supply chain independent of the flow type. 

However, this research has shown that this is not true. Even if there is only one stock point in the 

supply chain, shelf lives could differ, because production and delivery frequencies also play a role. 

Therefore, we contribute to the flow type selection problem by including waste. This includes a 

determination of the shelf life, based on the guaranteed life time by the supplier which is very 

common in the retail.  

6.4 Limitations 
This research also has a number of limitations, which are due to assumptions made during executing 

the project.  

First of all, many parameters estimated in this research could not be verified. For example, picking 

costs at the supplier could not be verified as this is different for each supplier. Many parameters are 

also estimated based on expert knowledge, while it would for example be better to estimate it using 

historical data. This research covers a three-echelon supply chain, and studies all relevant costs such 

as waste, transportation, and handling. It would be too time-consuming to study all processes in 

detail. This reduces unfortunately the reliability of the model.  

Costs of holding inventory and fixed facility costs are not taken into account. We have shown that the 

impact of inventory holding costs is very small and therefore it is considered irrelevant. Fixed facility 

costs are also ignored, because they are seen as sunk costs.   

Next to that, as real demands are unknown, we assumed that sales are equal to the demand in the 

stores. Also substitution effects were not taken into account. Therefore, real demands differ from 

the sales we have used. Besides this, the week pattern in sales is ignored. Sales on Fridays and 

Saturdays are significantly higher than sales on other days. This could have effect on waste and 

transportation costs.  
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Another limitation is the usage of times of handling activities in the store found by Van de Ven 

(2014). Although the activities performed at Jan Linders are similar, it could be that average times are 

different. For example, picking times at Jan Linders are also very different than the picking times 

found by Van de Ven (2014) at the competitor.  

6.5 Further research 
A suggestion for future research on the flow type selection is the inclusion of the week pattern, as 

this could affect transportation requirements and the amount of waste. Another possibility is 

including the size of the stores. The amount of waste could be different for stores of different sizes. 

Another research area is what the effects are of sharing information among suppliers regarding to 

inventories and production moments. This could increase the life time at arrival DC of the products 

and therefore decrease the waste. Furthermore, we made a lot of assumptions in our model. Extra 

research could be performed to these assumptions and how it would affect the flow type selection 

problem. And finally, we advise to investigate the order picking process as there are improvement 

possibilities.  
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 Product categories Appendix A
Table A.1 shows the division of products into product categories.  

Food / Non-Food Fresh 

Dry Groceries  AGF 4°C 

Frozen Foods AGF 12°C 

Tobacco Meats 

 Fresh Meats 

 Fridge 

 Cheese 

 Bakery 

 Flowers 

TABLE A.1 JAN LINDERS’ PRODUCT ASSORTMENT DIVIDED INTO CATEGORIES 
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 Regression analysis order picking times Appendix B
This appendix shows the regression analysis performed on the data regarding to order picking. This 

data shows per order line the total time, the distance walked, the size of an order line, and the 

number of carriers that were stacked.  

First the data of order picking in full case packs is studied. Order lines which took more than 60 

seconds were removed from the data, because it is not likely that a picker would have worked 

continuously in that case. The remaining data (N=4566) is studied and a regression analysis is 

performed. Unfortunately, the analysis shows that the adjusted 𝑅2 is 0.243 which means that the 

regression cannot explain much of the variance of the process. This is probably due to the very 

inaccurate data. The system registers a time stamp when an order picker says “OK”. So the time 

between two of these events is registered as the time of an order line. In reality, order pickers do not 

necessarily say “OK” when they have put the products onto the carrier. Some pickers will say it 

earlier such that they can anticipate on the next order line. Another issue is the long waiting times 

when a product is out of stock at the pick location. Altogether, it follows that the registered time 

stamps per order line are very inaccurate which is reflected in the regression analysis. Table B.1 and 

Table B.2 show the summary of the regression analysis. Carr2 and Carr3 represent the variable of 

loading two and three carriers per order line respectively. OS is the additional time per case pack, 

and distance the additional time per meter.  

Model R R Square Adjusted R Square Std. Error of the Estimate 

CP1 ,494
a
 ,244 ,243 9,448 

a. Predictors: (Constant), Distance, Carr3, Carr2, OS 

b. Dependent Variable: Seconds 

TABLE B.1: MODEL CP1 SUMMARY  

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. Collinearity 

Statistics 

B Std. 

Error 

Beta Tolerance VIF 

CP1 (Constant) 11,390 ,256  44,485 ,000   

Carr2 5,665 ,377 ,213 15,014 ,000 ,822 1,216 

Carr3 7,093 ,721 ,146 9,835 ,000 ,752 1,330 

OS 2,142 ,106 ,312 20,141 ,000 ,691 1,446 

Distance ,256 ,020 ,169 13,024 ,000 ,983 1,018 

a. Dependent Variable: Seconds 

TABLE B.2: COEFFICIENTS MODEL CP1 

In order to retrieve a better estimation, the data is filtered differently than in the first model. A 

restriction is set up which should be met by the data. If the data does not meet this restriction it 

indicates that the order picker was not working efficiently and that the registered time should not be 

part of the data. The fixed time per order line may not be larger than 15 seconds. This is the time 

required to stop and start the order pick truck, and to stack products onto the first carrier. The time 

per case pack or consumer unit to pick is restricted to maximal 5 seconds. This corresponds with the 

time required to walk to order pick location, grab the products, and walk back to the truck. Per 

additional carrier per order line, we assigned a time of maximal 10 seconds. This is the time required 
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to stack the products correctly onto the second and third carrier. Finally, the driving time may not 

exceed 2 seconds per meter. For each order line, this upper limit is calculated and the data that 

exceeds this limit is excluded. After that, a new regression analysis (N=4493) is performed. The new 

adjusted 𝑅2 is equal to 0.497, which implies a better fit than the first model. Obtaining an even 

better fit would be desirable, but as the data is very inaccurate, we will have to accept it. The 

summary of the model can be found in Table B.3, and the coefficients of the model in Table B.4. 

Model R R Square Adjusted R Square Std. Error of the Estimate 

CP2 ,705
a
 ,497 ,497 10,079 

a. Predictors: (Constant), OS, Distance, Carr2, Carr3 

b. Dependent Variable: Seconds 

TABLE B.3: MODEL CP2 SUMMARY  

 
 

TABLE B.4: COEFFICIENT MODEL CP2 

Data regarding to order picking in single consumer units is studied as well. The restriction applied at 

Model CP2 will also be applied here. This regression model (N=2177) gives an adjusted 𝑅2 of 0.6. A 

summary of the model and the coefficients of the variables can be found in Table B.5 and Table B.6. 

Model R R Square Adjusted R Square Std. Error of the Estimate 

CU1 ,775
a
 ,600 ,600 12,623 

a. Predictors: (Constant), OS, Distance, Carr2, Carr3 

b. Dependent Variable: Seconds 

TABLE B.5: MODEL CU2 SUMMARY 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. Collinearity 

Statistics 

B Std. 

Error 

Beta Tolerance VIF 

CU1 (Constant) 9,039 ,395  22,874 ,000   

Carr2 7,469 ,661 ,164 11,296 ,000 ,874 1,144 

Carr3 15,614 1,198 ,190 13,028 ,000 ,864 1,157 

OS 1,900 ,050 ,575 38,098 ,000 ,806 1,240 

Distance ,550 ,030 ,254 18,473 ,000 ,974 1,027 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. Collinearity 

Statistics 

B Std. 

Error 

Beta Tolerance VIF 

CP2 (Constant) 6,932 ,235  29,459 ,000   

Carr2 5,523 ,392 ,160 14,104 ,000 ,870 1,150 

Carr3 10,449 ,721 ,176 14,503 ,000 ,758 1,319 

OS 2,963 ,077 ,474 38,275 ,000 ,729 1,371 

Distance ,528 ,014 ,393 36,923 ,000 ,988 1,012 

a. Dependent Variable: Seconds 
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a. Dependent Variable: Seconds 

TABLE B.6: COEFFICIENT MODEL CU2 

Comparing both models gives us some insights about the similarities and differences between both 

picking methods. A nice feature is that both models result in a time per meter of approximately 0.55 

seconds per meter, which is equal to 1.81 meters per second. This is good, as driving speeds for both 

models were expected to remain equal. The main differences between the models are the times per 

order line and per order size. The time required to pick a consumer unit is much lower than the time 

for picking a case pack. This is as expected, because order sizes are higher for picking in consumer 

units, which gives the possibility to grab multiple items at once. Also because single consumer units 

are smaller and less heavy than full case packs, it is easier to grab multiple items at once. Finally, the 

times per order line are higher for picking in single consumer units, which is as expected as well. That 

is due to the fact that it takes more time to stack these consumer units correctly compared to full 

case packs which can often be stacked very easily.  
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 Expected number of pallets Appendix C

 
FIGURE C.1: REAL VALUES PLOTTED AGAINST APPROXIMATION 1 

 
FIGURE C.2: REAL VALUES PLOTTED AGAINST APPROXIMATION 2 
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 Mean and standard deviation of the demand  Appendix D
In order to run the mathematical model, demand data is required. Unfortunately, real demand data 

cannot be measured, only sales can be measured. Although the sales do not represent the demand 

completely, they are used to approximate the demand. Sales data of fresh products that have been 

in the assortment for 10 weeks after excluding promotions is used to determine the relationship 

between the average demand and the standard deviation of the weekly demand.   

The ln function of both the average and the standard deviation are plotted against each other. This 

gives the following relationship 

 ln(𝑦) = 0.826 ⋅ ln(𝑥) + 0.4369 

and hence 

 𝑦 = 1.548 ⋅ 𝑥0.826. 

  

 
FIGURE D.1: PLOT OF THE AVERAGE DAILY DEMAND AND THE STANDARD DEVIATION OF THE DAILY DEMAND 
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 EWA replenishment logic Appendix E
Broekmeulen & Van Donselaar (2009) invented the EWA policy, replenishment logic especially for 

perishable products. This logic is in many aspects similar to the well known (𝑅, 𝑠, 𝑛𝑄) policy. A 

replenishment order is created when the inventory position at a review moment is below the reorder 

level. If that is the case, a number of case packs is order such that the inventory position is above the 

reorder level again. The difference between the EWA policy and the (𝑅, 𝑠, 𝑛𝑄) policy is the inventory 

position. In the traditional (𝑅, 𝑠, 𝑛𝑄) policy, the inventory position is equal to inventory on hand and 

outstanding orders. In the EWA policy, this inventory position is corrected. Again, we start with the 

inventory on hand plus outstanding orders, but now we subtract the expected number of units that 

will expire during the next lead time and review period. Now we order as much case packs as needed 

to bring this modified inventory position above the reorder level.  
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 Product characteristics per supplier Appendix F
The products of the suppliers under research have the following average demands and GLTs (Table 

F.1) 

Product Average 
demand 
Supplier 
A,C,E,G,I,K 
(cu/store) 

Average 
Demand 
Supplier 
B,D,F,H,J,L 
(cu/store) 

GLT 
Suppliers 
A,B,C,D 
(days) 

GLT 
Suppliers 
E,F,G,H 
(days) 

GLT 
Suppliers 
I,J,K,L 
(days) 

1 0.750 0.820 7 11 18 

2 0.263 2.812 8 12 19 

3 0.121 2.354 6 14 21 

4 0.443 1.781 9 14 21 

5 0.120 3.990 6 12 19 

6 0.873 1.683 9 14 21 

7 0.234 3.342 7 14 21 

8 0.108 1.641 6 11 18 

9 0.228 1.995 7 14 21 

10 0.751 2.951 7 13 20 

11 0.881 0.917 10 14 21 

12 0.680 1.578 9 14 21 

13 0.158 0.485 7 11 18 

14 0.318 1.133 6 14 21 

15 0.824 3.970 9 11 18 

16 0.895 2.699 6 13 20 

17 0.506 1.642 10 12 19 

18 0.894 1.879 10 13 20 

19 0.860 1.400 6 15 22 

20 0.103 0.936 5 14 21 

TABLE F.1: AVERAGE DEMANDS AND GLTS OF INVESTIGATED PRODUCTS 

Next to that 

 Suppliers have a lead time of only 1 day.  

 The distance from the suppliers to the DC is 120km.  

 The purchasing costs of all products are €1.8. 

 A pallet layer consists of 8 case packs. 

 A pallet consists of 20 pallet layers. 

 The physical volume per case pack is 0.016 m3.  


